3GPP TSG RAN WG1 meeting #59





 


 R1-09xxxx
Jeju, Republic of Korea, November 9-13, 2009
Agenda Item:
7.5.1.2
Source:
Huawei
Title:
Transparency of the MU-MIMO 
Document for:
Discussion and decision 
1 Introduction
Transparent and non-transparent MU-MIMO have been discussed in previous meetings [1-5]. In this contribution, we further analyze the pros and cons of the two. Related system level simulation results are also presented.
2 Analysis of Transparent and Non-transparent MU-MIMO
2.1 Transparent MU-MIMO

Transparent MU-MIMO means that from the UE perspective there is no difference between SU-MIMO and MU-MIMO transmission. The UE is not aware of any co-scheduled users since there is no explicit control signalling about the other co-scheduled UEs. If MU-MIMO with single layer per UE is used, the UE will be scheduled as a rank-1 SU-MIMO transmission and will be given a reference to a precoded Demodulation Reference Symbol (DM-RS) for demodulation of its single layer. An Interference Rejection Combining (IRC) receiver can not be applied with transparent MU-MIMO since the UE simply assumes that it is receiving a SU-MIMO transmission.

The performance of transparent MU-MIMO thus depends on the spatial isolation that can be achieved by transmitter beamforming/precoding between co-scheduled UEs, which in turn depends on the channel characteristics, antenna setup, number of users to be scheduled, and knowledge of the channels at the eNB side.
In TDD, if channel reciprocity is ideal and antenna calibration is applied, multi-user interference in spatial domain can be reduced greatly with transmit precoding algorithm such as zero forcing (ZF), block diagonalization and their regularized variants. In this case, transparent Multi-User Beamforming (MU-BF) will be mainly affected by UL channel estimation. 
In FDD on the other hand, spatial orthogonality is hard to guarantee due to limited feedback and feedback delay. Therefore, due to the weak co-scheduled interference suppression capabilities at the UE, a performance loss as shown in table 2 is expected for transparent MU-MIMO scheme, especially in FDD. Furthermore, a UE will experience a rank 1 SU-MIMO transmission in the case of single layer MU-MIMO. If orthogonal DM-RS between MU-MIMO users is to be used to ensure channel estimation robustness, then which DM-RS pattern to use for demodulation must be signalled to the UE, even for SU-MIMO due to the MU-MIMO transparency, since pairing two users require them to use DM-RS 1 and DM-RS 2 respectively.
As discussed in Rel-9, more than two users in transparent MU-MIMO can already be supported with the DMRS pattern for rank up to 2. But in this case, orthogonality of the DMRS of different layers cannot be guaranteed. Thus, the induced inter-layer interference relies on the interference suppression capability of the eNB and the UE. 
Another option for supporting more than two users in transparent MU-MIMO is to use the DMRS pattern for rank higher than 2. In this case, orthogonality of the DMRS of different layers could be guaranteed. But when there are totally three layers and above scheduled in MU-MIMO mode, 24 REs are used for the DM-RS patterns. The paired user with one layer transmission must be aware of this, or else, it will not know which DMRS pattern used, the pattern with 12 REs or the pattern with 24 REs.

Because the UE is not aware of the SU-MIMO transmission and MU-MIMO transmission, the feedback from UE will assume SU-MIMO transmissions. Usually if the actual transmission is MU-MIMO, the eNB need to revise the CQI reported by the UE to better reflect the inter-user interference. Whether this leads to performance degradation is still FFS.
2.2 Non-transparent MU-MIMO

Non-transparent MU-MIMO means that the UE is aware of co-scheduled UEs and their DM-RS, and can therefore estimate the channel of the interfering layers. This information is obtained by explicit signalling in the PDCCH and enables interference suppression/cancellation of the interfering UE. As shown in figure 1, UE 1 is allocated N Resource Blocks/Resource Block Groups (RB/RBGs). In the first RB/RBG, it is paired with UE2. In the last RB/RBG, it is paired with UE3. In the other RBs/RBGs, there is no paired UE. In this case, the corresponding signalling needed to facilitate interference suppression might include how many UEs are paired with the target UE, how many interfering layers, and the DMRS port allocated to the interfering layers.[8] The achievable performance gain at the cost of these control signalling overhead as well as efficient control signalling mechanism is FFS.
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Figure 1 Flexible resource allocation, one UE may be paired with different UEs over the RBs in one subframe, or even with no other UE in some RB.
For non-transparent MU-MIMO, there is a possibility that UE could feedback more accurate CSI taking into consideration of the inter-user interference by precoded-RS [6] or by feeding back the interfering PMI [7] on top of the preferred PMI. The improved CSI may offer additional gain on top of the interfere-suppression gain compared with the transparent MU-MIMO. The exact gain is FFS. 

In TDD, if the eNB could be reliably calibrated and could make full use of the channel reciprocity, there might be no need to have non-transparent MU-MIMO.
2.3 Transparent MU-MIMO and non-transparent MU-MIMO summary
In Table 1 we have summarized the advantages and disadvantages of transparent MU-MIMO and non-transparent MU-MIMO. 
Table 1 Comparison between transparent and non-transparent MU-MIMO
	
	Advantages 
	Disadvantages

	Transparent 
	· No additional signalling to indicate co-scheduled UE
· Common feedback mode for SU-MIMO and MU-MIMO
	· Receiver-side inter-UE interference suppression is difficult
· Must rely on SDM (non-orthogonal) DM-RS to some extent if more than two UEs are co-scheduled

	Non-Transparent 
	· Very good co-scheduled UE interference suppression capability
· Support for orthogonal DM-RS for more than two co-scheduled UEs
· May have MU-MIMO specific feedback mode
	· Additional signalling overhead 


3 Simulation results
The system level evaluation results of transparent and non-transparent MU-MIMO are given in table 2. And the system level simulation parameters can be found in the appendix 

Table 2 comparison between transparent and non-transparent MU-MIMO (4×2 ULA)
	
	Transparent
	Non-transparent

	Cell average throughput
	100% 
	112%

	Cell edge throughput
	100% 
	109%


From simulation, it shows that there is a large gain of non-transparent MU-MIMO if Rel.8 codebook is used. 
4 Conclusions
In this contribution, we analyze the performance and advantages / disadvantages of transparent and non-transparent MU-MIMO. From the above analysis and numerical evaluations, non-transparent MU-MIMO appears promising, but more evaluation is required.

Therefore, we propose:
· Further evaluate the interference suppression gain by advanced receiver at UE side, e.g. IRC
· Further evaluate the impact of feedback accuracy on the performance of codebook based MU-MIMO

· Codebook design
· CQI of improved accuracy from precoded RS

· Adaptive codebook and differential codebook

· Etc.…
· Further evaluate the performance gain considering inter-user interference
· Best companion PMI
· Best cluster PMI

· Etc……
· Further evaluate the validity of the channel reciprocity both in TDD and FDD, and its impact on the performance of the MU-MIMO
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Appendix: 

System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	4×2 ULA antenna

BS:0.5 Lambda  MS:0.5 Lambda

	Channel estimation
	Ideal for both

	Antenna type
	2D antenna

	Codebook 
	Rel.8 4Tx codebook

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	MU-MIMO
	Maximum paired MU-MIMO user number is 2, and one layer per user



	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	ZFBF

	Receiver algorithm
	MMSE 
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