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Discussion of UL 2Tx Codebook as Reply Comment for C80216m-10/0952
Rongzhen Yang
Intel Corp.
I. Introduction 
In the contribution C80216m-10/0952 [2] (previous SB comment 284 and contribution C80216m-10/0737), it proposed to make the change as follows for uplink SU-MIMO codebook:
Table 951 – Cbase,UL(2,1,4)

	Binary Index
	m
	Cbase,UL(2,1,4,m)=[c1;c2]

	
	
	c1
	c2

	…
	…
	…
	…

	1000
	8
	1 0.7071
	0

	1001
	9
	0
	1 0.7071

	1010-1111
	10-15
	-
	-


In C80216m-10/0952, the major reasons for the proposed changes are to solve the proposed issues:
· Issue 1: “Since it requires transmitting different power level for different antennas, AMS needs to do step 4 for each antennas. This requires more complex algorithm than comparing sum power for all antennas”

· Issue 2: “And if the maximum power is larger than it has for each transmitting antenna, then AMS will reduce its power for that antenna. Since quantized power status is reported by periodic or event-driven manner, there will be a gap between reported and using. This will increase BLER when there is power shortage.”
And, also, one conclusion in [2] is made as:

“In most cases, if AMS’s maximum power is 23dBm, then it wants to employ 20dBm power amp. for each transmit antennas to reduce cost of AMS. However, to eliminate above issue, AMS needs to employ 23dBm power amp. for each antennas even though it reports its maximum power as 23dBm.”
In this contribution, the issues, analysis and conclusion proposed by C80216m-10/0952 were discussed, and the reply comment/resolution is recommended.
II. Discussions
1. Uplink Data Transmission Procedure Discussion
In [2], the uplink data transmission procedure is abstracted as:
1. ABS finds PMI for transmission. 

2. ABS calculates suitable MCS level according to power status report (PSR) and AMS’s sounding signal. 

3. AMS calculates its power level based on equation (291) in D7 [1].

4. AMS compares its calculated power level and its maximum power level.

5. If the calculated power level is larger than maximum power, then AMS reduce its power based on concurrent transmission rule (see section 16.3.8.4.6).

First issue proposed by [2] for original codebook is: “Since it requires transmitting different power level for different antennas, AMS needs to do step 4 for each antennas. This requires more complex algorithm than comparing sum power for all antennas.”
However, this issue is not true because: The step 4 is always required no matter whether it is original codebook or [2] proposed codebook:
Due to the step 3, the AMS needs to calculate its theoretic transmission power per subcarrier per stream base on equation (291) in D7:



P(dBm) = L + SINRTarget + NI + Offset

(291)

One simple and common example can be given: due to the very high “L” value, and MS calculates equation (291) and gets the calculated transmission power as 30 dBm for one assigned LRU (as minimum data resource size) per stream:
a) For original codebook, the MS gets the theoretic transmission power on each antenna as (30dBm, 0dBm), the comparison/check of maximum power of each antenna (20 dBm just for example) is mandatory.
b) For [2] proposed codebook, the MS gets the theoretic transmission power on each antenna as (27dBm, 0dBm), and the comparison/check of maximum power of each antenna (20 dBm just for example) is also mandatory. 
Second issue proposed by [2] is: “And if the maximum power is larger than it has for each transmitting antenna, then AMS will reduce its power for that antenna. Since quantized power status is reported by periodic or event-driven manner, there will be a gap between reported and using. This will increase BLER when there is power shortage.”
I cannot agree this point, for:

a) The PSR (power status reporting) is the theoretic PSD in MS transmission side, which is not the received SINR in BS side, it is only used by BS to decide the size of resource allocation, not for MCS selection and decision; 
b) Due to the channel fading, there is always gap between reported and using power, no matter which codebook is used;
c) For MCS selection, there will be always calculation for the relationship between sounding channel power and data channel power (maximum power of each antenna needs to be applied). No matter which codebook is selected (as shows as the example in the discussion of issue 1)
Finally in [2], it gives the benefit of proposed change: “In most cases, if AMS’s maximum power is 23dBm, then it wants to employ 20dBm power amp. for each transmit antennas to reduce cost of AMS. However, to eliminate above issue, AMS needs to employ 23dBm power amp. for each antennas even though it reports its maximum power as 23dBm.”
I cannot agree this point for:

a) In [2], it is assumed one specific implementation: 20 dBm for each antenna and 23 dBm for sum power, it is just one specific product implementation and cannot be assumed for all terminals;
b) Based on the discussion of [2] proposed issues, no matter the original codebook and [2] proposed codebook, the power limitation and comparison of each antenna is mandatory. And the [2] conclusion “AMS needs to employ 23dBm power amp. for each antennas even though it reports its maximum power as 23dBm” is not true.
Conclusion A:
Both proposed issues and benefit in the contribution [2] are not well proved;

2. Performance Degradation of -3 dB for General Case (No Power Shortage Case)
The [2] proposed change of codeword will lower down the power as -3 dB in the general case (in no power shortage case). The topic is related to 2 parts:
Part 1: 
PMI selection - the proposed change will violate the rule of normalization of each codeword. During the step 1 as PMI selection, the BS needs to decide the codeword base on the same logical total transmission power per stream (as “unitary”), the appreciated total transmission power per stream to control interference, however, the proposed changes in [2] low down the codeword of antenna selection codewords as -3 dB, it results in lower possibility for those codewords because they needs to achieve the same/higher SE with half power consumption comparing to other codewords;
Part 2: 

Degrade the AMS performance as -3 dB in the general case. In the case of [2] modified codewords selected, the AMS will perform -3 dB power comparing to original codewords in the case of no power shortage, it directly results in the -3 dB performance loss for this AMS, in [2], there are some discussions about this topic but not sufficient:

Point 1: “if ABS wants to increase that AMS’s link quality, it can do that with 3dB boosting by AAI_POWER_ADJ message”
It is a very strange reason, why not keep the original codeword, and ABS can lower down 3 dB by AAI_POWRE_ADJ message to implement [2] changes? 
Point 2: “even though the proposed changes reduce the power by 3dB for certain antenna, it also reduces interference level”
The power level to control the interference is decided by the power control algorithm not by PMI selection. In the power control algorithm, it is assumed that the total power per stream is used as interference modeling. It means that the power control decision is appreciated. But the proposed changes low down the 3 dB upon power control decision.
And if we suppose this point is correct, we will derive very strange conclusion: we can continually change the codeword such as (0.1, 0) comparing to (0.7071, 0), to get the benefits of interference level reduction if there is.
Therefore, the different components/concepts for uplink transmission need to be isolated:

1. For codeword selection, it should be done at the same normalization for performance comparison; otherwise, it will be meaningless for different total power consumption for codeword selection in BS side;

2. After codeword decided, the 16m uplink power control will decide the PSD of each stream (not antenna);

3. Then the total power of each antenna by ULPC will be compared with antenna maximum power to apply the power limitation (it should be always performed for any cases), and then decide the real transmission power (limited by terminal capacity).
But the contribution [2] mixed them and defined the concept wrong codewords.
Conclusion B:

The proposed changes violate the rule of normalization for each codeword, and degrade the AMS performance as -3 dB in general case (in no power shortage case);

3. Uplink Performance Evaluation Discussion

In [2], there is evaluation result for the proposed codeword change, the evaluation result is far from sufficient to prove anything.
Topic A: Uplink SLS Evaluation for Algorithm Discussion
In the uplink SLS evaluation, the simulation result is highly related to power control parameters settings, in the evaluation of other air-interface algorithm rather than uplink power control, the uplink power control parameter setting cannot be ignored:
1) Firstly, the different uplink power control parameters need to be applied to search the maximum performance setting point for selected scenario. For UMi channel and uplink 2x4 selected by [2], there is one example of evaluation result:
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Fig.1 Performance Tradeoff Curve for Gamma=0.2, 0.6, 1.0, 1.4
It means that: the first step needs to select the uplink power control parameter (as Gamma and SINRmin) that make the system work on the maximum performance.
2) In second step, the selected power control parameter and the algorithm (proposed change) need to be applied to check the difference.

However, in the [2], the power control parameters are unknown and only IoT level is shown. It is meaningless to prove the proposed change.
For example, in the deep antenna imbalance (of all AMS) and antenna selection codeword will be always selected, the power will always lower down as -3 dB comparing to original codeword, the effect of proposed change will be similar to lowering down power control parameter “SINRMIN” as -3 dB. As the pervious uplink power control study, we can know that: if the SINRMIN is set as 3 dB higher than the appreciated value, the proposed changes will show the performance gain but it is not real.
Conclusion C:

The evaluation in the contribution [2] is insufficient;

III. Proposed Reply Comments
Based on the upper discussion, it is recommended to reject the [2] proposed changes: 

The resolution of comment related to C80216m-10/0952: reject
Reasons of rejection: 
1. The proposed changes violate the rule of normalization for each codeword, and degrade the AMS performance as -3 dB in general case (in no power shortage case).

2. Both proposed issues and benefit in the contribution are not well proved;
3. The evaluation in the contribution is insufficient;
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