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Downlink Multi-BS MIMO PHY Amendments – Closed-Loop Macro Diversity and Collaborative Precoding
Keying Wu, Dong Li, Hongwei Yang, Xiaolong Zhu
Alcatel-Lucent Shanghai Bell Co., Ltd.

1.
Introduction
In the current 16m SDD [1], multi-BS MIMO is accepted as an advanced MIMO technique to mitigate inter-cell interference (ICI) in Section 20.2. The concept of multi-BS MIMO has also been accepted in 3GPP LTE-A [2], known as coordinated multi-point (CoMP) transmission, as an advanced ICI mitigation solution. The discussions about CoMP in LTE-A include various implementation techniques from complicated but high-performance joint processing to simple but less-optimal coordinated scheduling/beamforming, to cope with different requirements of diversified application scenarios. In order to keep competence against LTE-A, different multi-BS MIMO techniques need to be defined in 16m to provide different tradeoffs between complexity and performance. 
In 16m SDD [1], several different multi-BS MIMO techniques have been defined for this purpose, including precoding matrix index (PMI) coordination, inter-cell interference nulling, closed-loop macro diversity (CL-MD) and multi-BS collaborative precoding (Co-precoding). Among these schemes, PMI coordination and inter-cell interference nulling [3] have the lowest implementation complexity due to their single-BS transmission property, but also less throughput gain (as shown in [3]). In this contribution, we will show that by allowing user data sharing among multiple coordinating BSs, the throughput gain can be significantly increased (see system-level simulation results below) through CL-MD and Co-precoding due to additional macro diversity gain. CL-MD uses single-user transmission and Co-precoding uses multi-user transmission, so it provides multiuser diversity gain as well.

In this contribution, we will give a more detailed discussion about CL-MD and Co-precoding, including their basic principles, benefit and cost analysis, impacts on the specification and system-level simulation results to demonstrate their advantages. Finally, corresponding amendment text is proposed for CL-MD and Co-precoding.

2.
Multi-BS MIMO
2.1 Closed-Loop Macro Diversity
In closed-loop macro diversity (CL-MD), multiple BSs perform MIMO transmission to one MS. Each BS performs single-BS single user (SU) adaptive precoding independently. Multiple BSs transmit the same information to the MS using RF combining. The data traffic intended to the MS shall be replicated in all BSs involved in coordination. Fig. 1 shows one example of CL-MD. Compared with 16e open-loop MDHO, CL-MD is often more effective to achieve RF combining gain at MS because CL-MD is much more constructive, but not disruptive, via precoding.
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Figure 1. Illustration of the CL-MD technique.

Both sounding based precoding and codebook based precoding can be used. When sounding based precoding is used in TDD, multiple BSs involved in coordination estimate the CSI of the intended MS via its sounding signals, and calculate their precoding matrices independently. When codebook based precoding is used in TDD or FDD, the MS selects one PMI for each coordinating BS, and reports these to the serving BS, which in turn forwards the PMI to the relevant BS via the network interface.
In the following, we try to analyze the cost and gain of CL-MD using Fig. 1 as an example. The signals received at MS-1 can be represented as
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The SINR of MS-1 under CL-MD can be expressed as
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If single-BS MIMO is used, each BS servers its own MS using SU adaptive precoding. In this case, the transmission from BS-2 becomes interference to MS-1, and its SINR is changed to  
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(3)
Comparing (2) and (3), it is clear that CL-MD will always bring a SINR gain to MS-1, which comes from the elimination of one interference source and the increase of signal power due to signal transmission from the neighboring BS. However, this gain comes at the price of twice resource usage. Taking this cost into consideration, we can say that the CL-MD technique brings benefit to the aggregate throughput only when the normalized throughput of MS-1 (normalized by the used resource) is larger in CL-MD than in single-BS situation, i.e., 
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(4)
This suggests that CL-MD is most suitable for cell-edge MSs, since cell-edge MSs can benefit the most from the signal transmission from a neighboring BS as well as the elimination of one major interference source. For a cell-center MS, as its distance from the neighboring BS is larger, the signal strength from the neighboring BS will be significantly lower than that from the serving BS, and brings neglectable contribution. In addition, since the SINR of a cell-center MS is not interference-limited, eliminating one interference source also brings a much smaller gain. As a result, the gain from CL-MD transmission may not worth the doubled resource usage for cell-center MSs.
2.2 Collaborative precoding 
In collaborative precoding (Co-precoding), multiple BSs perform MU-MIMO transmission to multiple MSs located in different cells. Each BS performs single-BS MU adaptive precoding towards multiple MSs (i.e, SDMA) independently, with one stream per MS. Multiple BSs transmit the same information to each MS using RF combining. The data traffic intended to one MS shall be replicated in all BSs involved in coordination. Fig. 2 shows an example of Co-precoding.
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Figure 2. Illustration of the Co-precoding technique.
Both sounding based and codebook based MU precoding can be used for Co-precoding. When sounding based precoding is used in TDD, multiple BSs involved in coordination estimate the CSI of multiple MSs via their sounding signals, and calculate multiuser precoding matrices independently. When codebook based precoding is used in TDD or FDD, a MS selects one PMI for each BS involved in coordination, and reports these to the serving BS, which then forwards the PMIs to relevant BSs via network interface. The BS then derives the MU precoding matrices according to the feedback.
Comparing Fig. 2 and Fig. 1, Co-precoding can be regarded as a generalization of CL-MD to support multiple MSs over one resource unit. Therefore, it is reasonable to expect that Co-precoding is also most suitable for cell-edge MSs that can benefit most from the signal transmission from neighboring BSs, and provides additional multiuser gain over CL-MD.
2.3 Impacts on the specification

Impact on resource permutation

CL-MD and Co-precoding require the BSs involved in coordination to synchronize their resource permutation and allocation to the intended MS(s). 
Impact on demodulation pilot

With CL-MD or Co-precoding, multiple BSs transmit the same information to each MS using RF combining. The MS needs to estimate the equivalent RF combined channel. For this purpose, different BSs should use the same pilot pattern instead of interlaced patterns, so that their pilot signals will be RF combined in space. 
Impact on UL sounding

With Co-precoding, a BS needs to receive the sounding signals from multiple MSs involved in coordination and estimate their CSI. To avoid the interference among the sounding transmissions from these MSs, orthogonal sounding channels should be assigned to these MSs, which needs to be negotiated between the serving BSs of these MSs, and signaled to them.
Impact on feedback information

When codebook based feedback is used for multi-BS MIMO, a MS needs to feedback one PMI for each coordinating BS.

2.4 Simulation Results 
From the above discussion, we can see that the multi-BS MIMO techniques are most suitable for cell-edge MSs. In our simulation, cell-edge MSs are classified by their long-term SINR. If one MS has a long-term SINR lower than a pre-defined threshold T, it will be classified as a cell-edge MS; otherwise it will be classified as a cell-center MS. The Multi-BS MIMO operation will only be applied to cell-edge MSs.
Based on simulation assumptions in Table 1, we provide some system-level simulation results for CL-MD and Co-precoding in Fig. 3, and summarize their gains over single-BS MIMO in Table 2. In Fig. 4, we show that both systems can fulfill the proportionally fairness requirement. From Fig. 3 and Table 2, we can see that CL-MD can achieve significant throughput gain at cell edge over single-BS MIMO, and Co-precoding can achieve throughput gain in terms of both average and cell edge throughput. Compare the results in Table 2 with those in [3], the advantage of joint antenna processing over single cell Processing with multi-BS coordination is obvious.
Table 1. Simulation condition
	User traffic model
	Full buffer
	Site layout
	7 cells, 3 sector per cell

	BS-to-BS distance
	500m
	User dropping
	Uniformly dropped, 10 users per sector

	Frequency reuse
	1
	Carrier frequency
	2 GHz

	Total bandwidth
	10 MHz
	BS Tx power
	46 dBm

	Antenna gain
	17 dBi for BS, 0 dBi for MS
	MS cable loss
	0.5 dB

	PSD of noise
	-174.3 dBm/Hz
	MS Rx noise figure
	7 dB

	Antenna configuration
	Linear uniform array, BS spacing 4(
	Antenna pattern
	3 sector antenna defined in 3GPP

	Antenna number
	2/4 Tx for BS, 2 Rx for MS
	Receiver type
	MMSE for SM

	Lognormal shadowing
	Mean = 0, standard deviation = 8 dB
	Distance-dependent pathloss
	L=128.1+37.6log10(R), R in kilometers

	Penetration loss
	20 dB
	Shadowing correlation
	0.5 between cells, 1.0 between sectors

	Channel model for signal
	SCM, urban micro, 3 km/h
	Channel model for interference
	Time-variable multipath SCM for 8 strongest interfering sectors, time- variable single-path spatial-white channel from other 12 weakest interfering sectors

	Channel acquisition
	Perfect channel estimation
	Modulation and coding scheme (MCS)
	QPSK 1/2 with repetition 1/2/4/6, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 2/3, 64QAM 3/4, 64QAM 5/6, all with CTC

	Band selection for AMC
	1 CQI feedback every 2 continuous logical band (LB)
	HARQ mechanism
	Synchronous HARQ with chase combining

Max num of retransmission = 3

HARQ retransmission delay = 3 frames

	PHY abstraction
	ESM
	Feedback type
	UL sounding

	Multi-user scheduling
	Proportional fair (PF) scheduler with windows width 0.75s, PF exponent index 0.75, 1-frame scheduling delay
	SINR threshold T
	0dB
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Figure 3. User spectrum efficiency comparison between single-BS MIMO and multi-BS MIMO of (a) CL-DM and (b) Co-precoding.
Table 2. Gain of multi-BS MIMO over single-BS MIMO
	Multi-BS MIMO mode
	CL-MD
	Co-precoding

	Gain over single-BS MIMO
	Sector throughput
	0%
	Sector throughput
	27%

	
	5% throughput
	31%
	5% throughput
	60%
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Figure 4. Distributions of normalized user throughput for (a) CL-MD and (b) Co-precoding.
3.
Proposed text for amendment working document

------------------------------------------- Start of Proposed Amendment Text --------------------------------------------
15.3.5.4.1 Pilot patterns

…
The interlaced pilot patterns are generated by cyclic shifting the base pilot patterns. The interlaced pilot patterns are used by different BSs for one and two streams. Interlaced pilot patterns for one stream is shown in Figure 414 and interlaced pilot patterns on stream 0 and stream 1 for two streams are shown in Figure 415 and Figure 416, respectively. Each BS chooses one of the three pilot pattern sets (pilot pattern set 0, 1, and 2) as shown in Figure 414 and Figure 415. The index of the pilot pattern set used by a particular BS with Cell_ID = k is denoted by pk. The index of the pilot pattern set is determined by the Cell_ID according to the following equation:
pk=mod(k,3)                                                                  (189)
In the multi-BS MIMO modes of CL-MD and Co-precoding, in order to enable the MS(s) to detect the RF-combined signal, the involved multiple BSs shall allocate the same contiguous LRUs to the MS(s). In this case, the pilot patterns aren’t interlaced among the involved multiple BSs and all involved multiple BSs shall apply the pilot patterns associated with the serving cell of the target MS.  

…
15.3.7.2.6.3. MIMO feedback information
Table 670 – MIMO feedback information
	
	Feedback information type
	Description

	Long period feedback
	Rank information
	For MIMO modes 1 and 2

	
	Subband selection 
	

	
	Stream index (TBD)
	For MIMO mode 3, indicating which streams are preferred.

	
	Quantized Correlation matrix


	For adaptive codebook feedback mode or long term beamforming [TBD]

	
	Time Correlation coefficient information [TBD]
	For differential codebook feedback mode

	
	PMI report for serving cell [TBD]
	For long-term wideband beamforming

	
	PMI report for neighboring cell
	For PMI coordination among multiple BSs

	
	CQI
	

	Short period feedback


	CQI
	

	
	PMI report for serving cell
	For short-term beamforming with MIMO modes 2 and 4

	
	PMI report for neighboring cell
	For codebook based CL-MD or Co-precoding

	Event-driven feedback
	Preferred MFM (MIMO feedback mode), etc.
	

	
	
	


15.3.7.2.6.5. Downlink signaling support of DL-MIMO modes
Table 672 – DL MIMO control parameters

	Parameter
	Description
	Value
	Control channel

(IE)
	Notes

	

	
	
	
	
	

	Broadcast Information

	Nt
	Number of transmit antennas at the BS
	0b00: 2

0b01: 4

0b10: 8
	SFH (system information)


	Nt must be known before decoding the DL A-MAP IE

	OL_Region[TBD]
	OL MIMO region, which signaling is used to indicate MS where is the predefined OL MIMO region and number of streams (1 or 2)
	TBD
	Broadcast information


	

	SU_CT 
	SU base codebook type
	
	Broadcast information


	SU base codebook subset indication

	MU_CT (TBD)
	MU base codebook type
	
	Broadcast Information


	MU base codebook subset indication

	BC_SI 
	Rank-1 base codebook subset indication
	BitMAP

(Same size as rate-1 codebook for each number of transmit antenna) 
	Broadcast information 
	Rate-1 codebook element restriction/recommendation information
It shall be ignored if CCE = 0b0

	MaxMt (TBD)
	Maximum number of streams
	0b00: 2

0b01: 3

0b10: 4

0b11: reserved
	Broadcast information
	If MFM indicates a MU feedback mode: the maximum number of users scheduled on each RU

	Unicast Information

	
	
	
	
	

	MEF
	MIMO encoder format
	0b00: SFBC

0b01: Vertical encoding
0b10: Horizontal encoding
0b11: n/a

	A-MAP IE (unicast)
	MIMO encoder format.
[MEF bitfield may not be explicitly indicated in DL A-MAP IE]

	Mt
	Number of streams in transmission
	0b000: 1

0b001: 2

0b010: 3

0b011: 4

0b100: 5

0b101: 6

0b110: 7

0b111: 8
(Mt <= Nt )
	A-MAP IE (unicast)
	Number of streams in the transmission.

When MEF=0b00: Mt =2 

MEF=0b10, Mt <= 4

[Bit-field length is variable, depending on the number of Tx at BS]

	RU allocation (TBD)
	RU [and stream] indicator for the burst of data
	TBD 
	A-MAP IE (unicast)
	Refer to DL control group.



	SI (TBD)
	Index of pilot stream allocation
	0b00: 1

0b01: 2

0b10: 3

0b11: 4
	A-MAP IE (unicast)
	SI shall be indicated if MEF = 0b010
[Bit-field length is variable, depending on the number of Tx at BS]

RU allocation and SI can be merged together depending on other DG’s decision

	
	
	
	
	

	Feedback Allocation IE

	MFM
	MIMO feedback mode
	Refer to Table 671
	Feedback allocation IE (unicast)
	To decide the feedback content and related MS processing

	DLRU (TBD)
	Downlink RU, indicating

which RUs or which type of RU (DRU or miniband-based CRU) to work on for feedback
	TBD (Tree structure, bit map etc)
	Feedback allocation IE (unicast)
	To process CQI (PMI) estimation for the indicated RUs

Refer to other DG

	FT
	MIMO feedback type
	0b00: codebook

0b01: sounding
	Feedback allocation IE (unicast)
	

	CM
	Codebook feedback mode
	0b00: standard

0b01: adaptive

0b10: differential
	Feedback allocation IE (unicast)
	Enabled when FT = 0b00

	CCE
	Codebook Coordination Enable
	0b0: disable 

0b1: enable
	
	CCE = 0b0: MS finds PMI within whole broadcasted codebook type entry
CCE = 0b1: When MS finds rate-1 PMI, it finds within broadcasted codebook entries indicated by BC_ST, [SU_CT and MU_CT]

	MBE
	Multi-BS MIMO enable
	0b0: disable

0b1: enable
	Feedback allocation IE (unicast)
	If MBE=0b1 and MFM indicates a SU feedback mode, CL-MD is used. 

If MBM=0b1 and MFM indicates a MU feedback mode, Co-precoding is used.




15.3.7.2.6.6 Quantized MIMO feedback for closed-loop transmit precoding
15.3.7.2.6.6.1 Quantized feedback modes

An MS may feedback a Preferred Matrix Index (PMI) to support DL precoding. During multi-BS MIMO operation, a MS can be instructed to feedback PMIs for one or more neighboring BSs as well as its serving BS. 
There are three types of codebook feedback modes. 

15.3.7.2.6.7 Unquantized MIMO feedback for closed-loop transmit precoding 
15.3.7.2.6.7.1 UL Sounding
To assist the BS in determining the precoding matrix to use for SU-MIMO or MU-MIMO, the BS may request the MS transmit a sounding signal in an UL sounding channel. The BS may translate the measured UL channel response to an estimated DL channel response. The transmitter and receiver hardware of BS and MS shall be calibrated. 
The UL sounding channel defined in subclause [TBD] is used in MIMO transmission. To support sounding based multi-BS MIMO, two or more neighboring BSs can coordinate their sounding channel allocation to ensure the orthogonality between sounding signals transmitted in neighboring cells.
-------------------------------------------- End of Proposed Amendment Text -------------------------------------------
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