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IEEE 802.16m MIMO Rapporteur Group Report
Jerry Pi, Ron Porat, Yong Sun
MIMO Rapporteur Group Chairs
1 Objectives

The MIMO Rapporteur Group is charted to develop harmonized SDD text for Project 802.16m uplink MIMO based on proposals submitted in Session #56, build consensus and identify proposals that require further harmonization/down selection. The MIMO Rapporteur Group is also charted to continue harmonization on the open downlink MIMO issues, including SCW vs. MCW, OL SU-MIMO, codebook design, and feedback mechanisms. The MIMO Rapporteur group will also report to TGm the relevant discussions in the Rapporteur Group.
2 Scope
Identify majority opinions or consensus through discussions in the Rapporteur Group and outline potential options that remain unresolved for TGm to consider. The SDD text for uplink MIMO will be submitted to TGm in Session #57. The harmonization results for the open issues for downlink MIMO will also be recommended to TGm in Session #57.
3 Summary of Activities

3.1 Development of draft UL MIMO SDD text 

Following session #56, the Rapporteur Group chairs developed a work plan document [1], which was shared with the Group on 7/22/2008. 

1. The Rapporteur Group chairs provided a list of contributions [2] that were submitted in Session #56 with content related to UL MIMO on 7/23/2008. 
2. RG members were recommended to send the Rapporteur Group Chairs the .doc or .ppt file for the latest revision of the submitted contribution, if it is not already available via the TGm website. RG members were also recommended to notify any relevant contributions that are not included in this list. 

3. RG members submitted their proposal of the first draft by AoE Friday, 8/1/2008. The first draft was in the form of a Table of Contents (ToC) that specifies the high level structure of the SDD text for UL MIMO. The RG chairs consolidated the input and provided the draft ToC ([3]) on Friday, 8/8/2008. Members were encouraged to continue discussions and express their views on the reflector between 8/1/08 and 8/8/08. 

4. Suggestions for reorganizing the structure proposed in Draft 1 were accommodated to the best possible extent. 

5. RG members provided uplink MIMO SDD text that fits in with the structure of Draft 1 by AOE Monday, 8/18/2008. Whenever possible, proponents were strongly encouraged to harmonize with others who have proposals on the same or similar topic.

6. RG Chairs consolidated the input from RG members and provided Draft 2 ([4]) based on consensus or majority opinion. Where there are multiple options with significant support, these options were identified using bracketed text. Draft 2 were made available to the Rapporteur Group by Monday, 8/25/2008.  Members were encouraged to continue discussions and express their views on the reflector between 8/18/08 and 8/25/08.

7. RG members were requested to review Draft 2 and provide feedback through email discussion in the group. Efforts to build consensus through the discussion were strongly encouraged. 

8. RG members provided comments, revisions, or harmonized text proposals to be incorporated to the Final Draft by AOE Tuesday, 9/2/2008. The Rapporteur Group Chairs consolidated these inputs to create the Final Draft ([5]). 

9. The Rapporteur Group Chairs submitted the Final Draft of SDD text as contribution C80216m-08_908r1 to TGm on Friday, 9/5/2008. RG members were encouraged to continue discussion and provide comments on the contribution.
10. The Rapporteur Group Chairs consolidated the comments to the Final Draft. The updated contribution C80216m-08_908r2 was submitted to TGm on Friday, 9/12/2008.
3.2 Discussion on open DL MIMO issues 
This section summarizes the discussions that took place in the MIMO RG on four main open issues in downlink MIMO, namely, codebook design, open-loop SU-MIMO schemes, SCW vs. MCW, and feedback mechanisms. 

The detailed summary of the discussions on each topic is available as MIMO RG contributions [6] – [9].

3.2.1 Codebook

3.2.1.1  Summary of Codebook Techniques and Performance

The contributions on codebook design to date are listed in Table 1. 
Table 1. Codebook proposals for 16m

	Contribution Number(s)/Author
	Description of Technique
	Main conclusions

	C80216m-MIMO-08_072r1.pdf 

C80216m-MIMO-08_071.pdf 

C80216m-08_916.pdf 
	Compares 3 DFT-based (4-bit) codebooks.  4 Tx codebook proposal with QPSK alphabet.  
	DFT-based codebooks have very similar performance.

	C80216m-MIMO-08_074.doc

C80216m-08_1101.pdf
	Entries limited to 8-PSK, rank nesting. 3-bits for 2 Tx and 4-bits for 4 Tx.
	No simulation results included.

	C80216m-MIMO-08_070r1.doc

C80216m-08_1109.doc
	Base codebook with codewords forming centroids for localized codebooks.  Design incorporates differential codebook design. 
	Shows gain (2-3%) over .16e codebooks in correlated channels, loss (2-3%) compared to .16e codebook in uncorrelated channels.  Feedback is lower (4 vs. 6 bits) for 4 Tx case.

	C80216m-MIMO-08_064r1.pdf

C80216m-08_1074r1.pdf
	Compared .16e with DFT codebooks.

Added differential feedback to both .16e and DFT codebooks.
	In uncorrelated channels, 16e gains over DFT-based codebook by 4% ~ 6%.  In correlated channels, DFT-based codebook gains over

16e codebook by 4% ~ 6%.

16e or DFT with differential feedback gains 50% reduction in overhead, with little loss (1%) in throughput.

	C80216m-MIMO-08_069.doc

C80216m-08_983.pdf

C80216m-08_973.pdf
	Compared .16e codebooks (3, 6 bit) with Phase-adapted DFT (5-bit), DFT+AS (5-bit), and LTE codebook (4-bit).  Proposal that MU-MIMO codebook is a subset of SU-MIMO.
	.16e 6-bit has gain over DFT-based codebooks in uncorrelated scenario, DFT-based codebook has gain over .16e codebook in correlated scenario.

	C80216m-MIMO-08_066.ppt

C80216m-08_1182.doc

C80216m-08_1183.doc

C80216m-08_1184.doc
	.16e-based codebook: add a transformation matrix based on channel correlation to the .16e codebook.  
	Transformed codebook shows gain in performance over both .16e and DFT-based codebooks in correlated and uncorrelated scenarios.  Transformation matrix requires long-term, wide-band feedback.

	C80216m-MIMO-08_067.doc

C80216m-MIMO-08_1156.doc
	Single-stream codebook that is a mixture of .16e and DFT codebooks.  
	Shows gain of mixed codebook is better than DFT in uncorrelated case, and better than .16e in the correlated case.

	C80216m-MIMO-08_063.doc,

C80216m-08_851r1
	2 Tx DFT codebook, 4 Tx DFT-based codebook.  Differential codebook based on rotation of DFT codebook.
	DFT-based shows gain over the .16e codebook in correlated and dual-polarized, .16e codebook shows small gain in uncorrelated.  

	C80216m-08_947r1.doc
	Differential feedback for both SU and MU-MIMO
	Shows that uplink overhead can be greatly reduced without significant loss in performance

	C80216m-08_1095r1.pdf
	Differential precoding codebook
	Shows that differential precoding can significantly reduce the uplink overhead. 


3.2.1.2 Observations

In this section, we list some observations that seem to be shared by multiple companies.

1.  Many of the simulations for SU-MIMO codebooks from different companies show that DFT-based codebooks have gains over .16e codebooks in the correlated scenarios, and .16e codebooks show gains over DFT-based codebooks in the uncorrelated scenarios.

2.  Nearly all the proposals use some form of DFT-based codebook, .16e-based codebook, or a mixture of the two types of codebooks.  Therefore, we may be able to propose that “the codebook is a DFT-based and/or .16e-based codebook”.  

3.  Differential codebook/differential feedback.   Several contributions have proposed the addition of two modes (standard and differential feedback) for SU and MU-MIMO codebooks, on the basis of simulations that show comparable performance at reduced uplink overhead.  
3.2.2 Open-loop SU-MIMO

3.2.2.1 Background

After extended discussion on various techniques during the session #56 meeting in Denver, the group decided to move forward by listing a number of techniques on OL SU-MIMO as FFS, and harmonizing on a set of design criteria.  The list under FFS as in C802.16m-08_657r4, and later incorporated in the SDD (C80216m-08_003r4) is reproduced here below: 

1. rate-1 STBC/SFBC and rate-2 Double STBC/SFBC

2. 2-D POD for rate-1 and rate-2

3. rate-3 hybrid SM+STBC/SFBC

4. differential STBC/SFBC

5. SM+Antenna hopping
In order to evaluate the performance of the various OL SU-MIMO schemes, and to make the design simple, members were asked to put their proposals in the y=D×W×z format as proposed in C802.16m-08_657r4, and later incorporated in the SDD (C80216m-08_003r4). A call was made in this regard using the C80216m-MIMO-08_005 uploaded in the TGm_MIMO upload directory on 2008/07/25. 

The proponents were asked to provide simulation results as per C80216m-MIMO-08_005 for both noise limited and interference limited scenarios as agreed by the DL_MIMO breakaway group during session #56 meeting. The simulation set up to be used was as provided in C80216m-MIMO-08_005, as decided in the session #56 meeting with a note added to make clarification on the assumptions. However, as per the MIMO RGs recommendation, it was mentioned that if a proponent departs from the above assumptions, the motivations and different assumptions should be clearly stated. Also, the proponents were asked to clearly state that if a receiver different from base line receiver is used, they were asked to mention the receiver type and the corresponding complexity involved.

As per the call made in C80216m-MIMO-08_005, the following contributions were submitted in the Google groups/Tgm_MIMO upload directory to consider for evaluation, and the list of contributions was made available to the group as a contribution C80216m-MIMO-08_029 in the TGm_MIMO upload directory on 2008/08/01.

	Contribution
	Title
	Sources

	C80216mMIMO-08_006
	A two-stream Alamouti scheme for MIMO DL in 802.16m
	Ramesh et. al.

	C80216m-MIMO-08_007
	Proposal for DL OL SU-MIMO Schemes
	Hosein et. al.

	C80216m-MIMO-08_008r1
	Enhanced Spatial Multiplexing with Antenna Hopping
	Serdar et. al.

	C80216m-MIMO-08_009
	Formulation for a proposal of DL OL SU-MIMO
	Xiaolong et. al.

	C80216m-MIMO-08_010
	Proposal for DL OL SU-MIMO Transmi Diversity Schemes
	Peter et. al.

	C80216m-MIMO-08_013
	Proposed harmonized OL-SU-MIMO formula based on SDD text
	Wookbong et. al.

	C80216m-MIMO-08_014
	SU OL MIMO Proposals
	Kiran et. al.

	C80216m-MIMO-08_011
	Rate-3 hybrid SM+STBC/SFBC scheme for Upto 2 Codewords with 4 Tx
	Yinggang et. al.

	C80216m-MIMO-08_016
	Rate 2 D-STTD scheme for OL SU-MIMO with 4 Tx antennas
	Yinggang et. al.

	C80216m-MIMO-08_017
	Proposal for DL OL SU-MIMO in the Form of y=DxWxz 
	Seung et. al.


Most of the above contributions have adhered to the y=D×W×z format as proposed in C802.16m-08_657r4, and later incorporated in the SDD (C80216m-08_003r4). The proponents were given time till 2008/08/07 to update/modify their proposals to find out whether they can further simplify their design. No modification/update was submitted in this regard.

The group was provided with an updated work plan C80216m-MIMO-08_005r1 on 2008/08/18, where the timelines for various activities were provided, and simulation setup was reiterated. In order to gain better understanding of the options and facilitate harmonization, the proponents were asked to simulate their schemes and compare it with other appropriate schemes listed in C80216m-MIMO-08_029, also reproduced in the above table. 
The group was asked to initiate the discussion about various proposed schemes, and discuss through the email reflector so that a consensus could be reached and a recommendation can be to the MIMO RG chairs. The group was encouraged to justify the importance of their proposals. Any clarification needed by the group about a particular scheme was supposed to be obtained from the contributing authors through the email reflector.
The following contributions with simulation results were uploaded in the TGm_MIMO upload directory

	Contribution
	Title
	Sources

	C80216mMIMO-08_010r1
	Proposal for DL OL SU-MIMO Transmit Diversity Scheme
	Peter et. al.

	C80216m-MIMO-08_054
	Performance comparison of IEEE 802.16m DL OL-SU-MIMO
	Wookbong et. al.

	C80216m-MIMO-08_056
	Performance Comparison of Downlink OL-SU-MIMO schemes
	Yinggang et. al.

	C80216m-MIMO-08_057
	Enhanced Spatial Multiplexing with Antenna Hopping
	Serdar et. al.

	C80216m-MIMO-08_058
	Performance Evaluation of DL Open Loop SU-MIMO Schemes
	Hosein et. al.

	C80216m-MIMO-08_059
	Performance Evaluation of OL-SU-MIMO Schemes
	David et. al.

	C80216m-MIMO-08_061
	Simulation Results for OL SU-MIMO Proposals
	Kiran et. al.


As per the updated work plan, the proponents were requested to suggest the SDD text to include their proposal by suitably modifying (Section 11.x.2.1.1. Open-loop SU-MIMO of C802.16m-08_657r4, and later incorporated section 11.8.2.1.1in the SDD (C80216m-08_003r4)) the recommendation of the DL_MIMO chairs in the session #56 meeting in Denver with a submission deadline on or before AoE 2008/08/25, and inform the group through the email reflector. There were proposals before and after the deadline. Some are well after the deadline. The following are the related contributions.

	Contribution
	Title
	Sources

	C80216mMIMO-08_011r1
	Proposal for DL OL SU-MIMO Transmit Diversity Scheme of Rate 3
	Yinggang et. al.

	C80216m-MIMO-08_065
	Modified SDD Text for OL SU-MIMO
	Kiran et. al.

	C80216m-MIMO-08_068
	Proposed modification based on C80216m-MIMO-08/054
	Wookbong et. al.

	C80216m-MIMO-08_075
	Proposed SDD Text for DL OL SU-MIMO
	Hosein et. al.

	C80216m-MIMO-08_075r1
	Proposed SDD Text for DL OL SU-MIMO
	Hosein et. al.

	C80216m-MIMO-08_077
	Proposal for DL OL SU-MIMO Transmit Diversity Scheme of Rate 2
	Yinggang et. al.

	C80216m-MIMO-08_077r1
	Proposal for DL OL SU-MIMO Transmit Diversity Scheme of Rate 2
	Yinggang et. al.

	C80216m-MIMO-08_078
	Proposal for DL OL SU-MIMO Transmit Diversity Scheme of Rate 1
	Peter et. al.


The group was asked to discuss the SDD text proposed by various proponents, and their schemes and results in order to arrive at a consensus till AoE 2008/08/29. Based on the proposed SDD text, simulation results, and subsequent discussions, an initial draft of the SDD text was be prepared and uploaded as contributions C802.16m-08_079 (with track changes mode on) and C802.16m-08_079r1 (Clean version) in the TGm_MIMO upload directory on AoE 2008/09/01.  The group started discussing on this draft and gave their comments till AoE 2008/09/04. 

The following contributions were submitted in the TGm upload directory.
	Contribution
	Title
	Sources

	C80216mMIMO-08_073
	Supporting arguments on Antenna Hopping
	Jeremy et. al.

	C80216mMIMO-08_073r1
	Supporting arguments on Antenna Hopping
	Jeremy et. al.

	C80216m-MIMO-08_076
	Encoding for OL SU-MIMO transmissions in 802.16m
	Wataru et. al.

	C80216m-MIMO-08_088
	Performance of DL open loop single-user MIMO schemes
	Senjie et. al.

	C80216m-MIMO-08_091
	Performance Comparison for DL Open Loop SU-MIMO Schemes 
	Yu-Tao et. al.


The details of each of the above listed contributions can be seen in C802.16m-08_102 in the TGm MIMO upload directory. A final draft was supposed to be prepared based on the comments, and made available to the group on AoE 2008/09/08, and make a recommendation to the TGm_MIMO RG chairs for further actions. However,  the MIMO RG chairs felt that a consensus could not be reached, and decided not to make a single recommendation to the TGm. Therefore, C802.16m-08_079r1 was not updated and pursued further, instead as per the suggestion by the MIMO RG chairs, this summary of all the activities is given to the chairs, and all the above said contributions are forwarded to them for further actions. 
Observations

Continued with the discussion during the session #56 meeting, based on the results provided in the above mentioned contributions, and subsequent email discussions the following observations are made. These observations are made based on the results provided during these discussions, and was limited to the scope of this performance study group. In this aspect, no effort was made to eliminate schemes that are part of the latest SDD (C80216m-08_003r4).
1. The comparisons were not fair in some of the submissions; nevertheless, it provides an understanding of the different schemes, and their relative differences under identical scenarios.

2. Interference limited scenario as raised in the previous meeting

a. Given the fact that at cell edge, the SINR is very low, diversity does not provide much performance advantage. In this case, Rank-1 precoder based schemes provide a significant performance gain over STBC/SFBC based schemes in interference limited scenario with similar number of transmit antennas. It also enables interference suppression by using signal processing techniques and MMSE receiver for improving cell edge performance further. Also, the 16e MIMO MLD can be advantageously modified to further suppress interference. Moreover, rank-1 precoding schemes require fewer pilots, or provide better channel estimation with same number of pilots.

3. Noise limited scenario

a. For 2Tx antennas, rate-1 STBC/SFBC will outperform all other rate-1 2Tx antennas schemes.

b. For 2Tx antennas, rate-2 SM seems to be a consensus solution.

c. For 4Tx antennas, rate-1 precoded STBC/SFBC schemes use dedicated pilots, which reduce the pilot over head. The STBC+AH schemes use common pilots, which requires more pilot overhead. The STBC+AH simulation was performed by doing channel estimation across PRU (It must be noted that some members mentioned that the channel estimation should be done at PRU level). Different proponents showed different results, and a conclusion could not be made. Among the precoded STBC schemes, CDD induces frequency selectivity in the channel, and therefore may degrade the channel estimation. Moreover, STBC + AH schemes did not address the problem when irregular subframes such as short type I subframe with five OFDM symbols, and type II subframe with seven OFDM symbols are used. 

d. For 4Tx antennas rate-2 schemes, the precoded SM schemes use dedicated pilots, which reduce the pilot over head. SM+AH and D-STTD schemes use common pilots, which requires more pilot overhead. D-STTD gives the good performance considering majority of the simulations. However, the receiver complexity is higher and requires common pilots. The other schemes have less receiver complexity compared to D-STTD. Moreover, STBC + AH and D-DTTD schemes did not address the problem when irregular subframes such as short type I subframe with five OFDM symbols and type II subframe with seven OFDM symbols are used.
e. Simulation results were not provided for rate-3 hybrid SM+STBC/SFBC and differential STBC/SFBC schemes considered in this study and hence it is recommended that it need not be pursued further.
4. There was not enough simulation results provided for all the other schemes proposed.

5. The scheduler should be flexible enough to allocate resources. The allocation can be in frequency and/or time. It should not be restricted to frequency alone.
3.2.3 Feedback Mechanisms for CL-MIMO

3.2.3.1 Background

Contribution C80216m-08-529r1 comparing two feedback mechanisms for CL-MIMO (analog and codebook) was discussed during the MIMO session in Denver. The contribution assumed equal UL overhead and used outage capacity metric for performance comparison. 

While analog feedback was accepted as part of the multiuser (MU) MIMO CSI feedback options, it was decided to continue discussing the various feedback mechanisms and the ways to compare them in a fair way.

Unlike a comparison between two equal size codebooks, a fair comparison between analog, digital or hybrid feedback is more complex and requires taking into account UL channel error rate, DL channel estimation accuracy, specific CL-MIMO algorithms, antenna configurations and more.

A discussion on the reflector was started but didn’t receive much attention due to possibly the fact that this topic is more suited to a stage three development.

3.2.3.2 Way Forward

It is recommended that TGm discuss this topic during the meeting in Kobe.  
Following is a proposal for comparing the various feedback mechanisms as was done in contribution C80216m-08-914.

Other options utilizing full DL and UL system or link level simulations are possible.

1. SU-MIMO

a. DL Channel Configurations: 
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(4,2), (8,2). Uncorrelated and correlated antennas.

b. Procedure:

i. MS assumes perfect knowledge of a DL channel. Proposals should specify the assumed channel bandwidth. 

ii. MS maps the proposed feedback information (codebook, analog, hybrid) onto a suggested UL control channel keeping similar overhead for all methods.

iii. Average per subcarrier SNR difference between DL and UL is specified

iv. BS uses the estimated precoder to compute the achievable DL spectral efficiency

v. Results taking into account actual MCS levels, Doppler effects and are suggested as well.

2. MU-MIMO

a. Channel configurations: 

i. Single sector: 
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(4,2), (8,2). Uncorrelated and correlated antennas. 

ii. Multi-sector (same cell): 
[image: image3.wmf](,)

TR

NN

=

(6,2), (12,2).  (Three sectors – 2 or 4 antennas per sector)

iii. Multi-cell: 
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(6,2), (8,2) ,(12,2)  (Up to three cooperating cells)

b. The specific MU algorithm and required feedback should be specified 

c. The rest of the details are as in SU-MIMO  
3.2.4 SCW vs. MCW

A straw-poll taken during session #56 among 5 options showed equally strong support for 2 of the options:

· SCW only

· SCW + MCW, with a limit to a maximum of 2 codewords

An evaluation methodology was developed in document C80216m-MIMO-08_004r1. Several contributions were submitted with evaluation results and recommendations. 

These contributions are:

· C80216m-MIMO-08_053

· C80216m-MIMO-08_055

· C80216m-MIMO-08_060

· C80216m-MIMO-08_080

Recommendations are still mixed, with an advantage to SCW. 

In terms of performance, there is consistency to say that SCW is at least as good as MCW, or only marginally inferior in some situations, whereas some of the results show that MCW can be considerably worse in some scenarios (HARQ with blanking and MMSE receiver, and in localized allocations with fine link adaptation where CL MIMO is preferred to OL MIMO).

Essential concerns are more related to the complexity of HARQ, feedback and control overhead, and receiver complexity. For all these criteria, MCW is more complex than SCW.

A brief summary of the conclusions and the recommendation from each contribution is given in the table below. 

	Contribution
	Scope of evaluation

Summary of conclusions
	Recommendation

	C80216m-MIMO-08_053
	System-level simulations of OL MIMO with MMSE receiver in localized allocation with fine link adaptation and HARQ. 

Performance of SCW is slightly better than MCW.

Analysis of feedback and control overhead and operation, impact on the performance of feedback and control channels. 
	SCW

	C80216m-MIMO-08_055
	Link level simulations of 2x2 OL MIMO in localized allocations with fine link adaptation (no HARQ) using MMSE, SIC, and MLD receivers.

Performances of SCW and MCW are similar.

Concern on MLD receiver complexity.
	SCW + MCW

	C80216m-MIMO-08_060
	Link level simulations of CL and OL MIMO with MMSE receiver in localized allocations with fine link adaptation, and OL MIMO in distributed allocations, with  HARQ. 

Performances of SCW and MCW are similar.
Adaptive HARQ with non-blanking retransmissions should be designed for the support of MCW by terminals using an MMSE receiver. Concern on MLD receiver complexity
	SCW up to 2 streams, MCW with 2 layers for more than 2 streams

	C80216m-MIMO-08_080
	Link level simulations of CL and OL MIMO with MMSE receiver in localized allocations with fine link adaptation, and in distributed allocations with coarse link adaptation, with HARQ.

Performance of SCW is better than MCW in practical range of SNR.

Concern on control and feedback overhead and operation complexity with MCW. Analysis of implementation complexity shows that MLD is less complex than MMSE-SIC.
	SCW


4 Observations and recommendations
For SCW vs. MCW, we recommend TGm make a decision between the following two main options
1. SCW only

2. SCW + MCW, with a limit to a maximum of 2 codewords

For downlink open-loop single-user MIMO, all the proposals under evaluation fall into the framework of 
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. The performance of these proposals is competitive. The selection of these proposals depends on the resource channelization and pilot design. We recommend TGm defer the selection among these proposals until more progresses in resource channelization and pilot design. 
For codebook design, the support is fairly divided among two main options:

1. DFT based codebooks

2. 16e based codebooks

We recommend TGm adopt the following text into IEEE 80216m-08_003r4 at page 72, line 1: “The codebook is a DFT-based and/or .16e-based codebook”. We also recommend TGm allow more time for further study and harmonization between proponents of these two main options.
For feedback mechanisms, we recommend TGm allow more time for further study and harmonization of the various options (hybrid codebook/analog, differential codebooks and others) taking into account stage 3 details (UL control channel and more).
For uplink MIMO, we recommend TGm to adopt the draft uplink MIMO SDD text as in C80216m-08_908r2.
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