3GPP TSG RAN Working Group 1 Meeting #59
R1-095077
Jeju, Korea, Nob. 9th – Nob. 13rd, 2009
Agenda Item
: 7.5.1.3
Source 
: Pantech & Curitel
Title 
: UE selection diversity and SIC gain – considerations for MU-MIMO dimension
Document for
: Discussion
Introduction
MU-MIMO is accepted for LTE-A since it can provide higher spectral efficiency than SU-MIMO by scheduling gain. In Rel. 8, in the practice MU-MIMO is limited only up to 2 UEs and only single layer transmission is possible for each UE. To achieve higher spectral efficiency via more scheduling gain, LTE-A considers allowing multiple layer transmission per UE with rank adaptation, and LTE-A also considers allowing more than 2 UE to be simultaneously precoded. In this contribution, we consider the maximum available number of layers which can be simultaneously transmitted at the same time, and we investigate the performance gain of multiple layer transmission over single layer transmission per UE. The main discussion points in this contribution are
1. Fixed rank transmission vs. rank adaptation

2. Maximum rank

3. Single layer transmission per UE vs. multiple layer transmission per UE

Once we make decisions for the above discussion points, we expect reasonable agreement will be possible for the other related discussions. 

Discussion 
Fixed rank vs. rank adaptation

In general sense, rank adaptation will always show better performance than fixed rank transmission. The major concern of this discussion point is, weather the performance differences between fixed rank and rank adaptation is significant or not. Since MU-MIMO performances are strictly limited by MAI or resolution of antenna array, fixed rank transmission will be only possible for low or middle rank. However, if the complexity of precoder design is a major concern for MU-MIMO implementation, fixed rank transmission could be one of the simple solutions, since pre-determined rank allows us to focus on designing precoder which shows good performance only for some specific rank. 
Maximum rank

Since UE position or UE channel characteristic will not be uniformly distributed in practical cellular systems, the maximum rank eNB can simultaneously transmit will be limited less than the number of Tx antenna. Therefore, limiting the maximum rank less than the number of Tx antenna array is a reasonable approach to reduce scheduling or precoding complexity. In this contribution, with the assumption that all the UEs are uniformly distributed over the cell and the channels of each UE are uncorrelated, we try to find the maximum rank which will be theoretically possible to be simultaneously transmitted. We also show the performances with both fixed transmission rank and rank adaptation.
Single layer transmission per UE vs. multiple layer transmission per UE

Though single layer transmission limits scheduling gain, single layer transmission provides some benefits for some specification issues and implementation issues. When performing rank adaptation, multiple layer transmission will requires more information about the downlink channel information including correlation among the UEs, and precoder should consider both inter-layer-interference which allocated to the same UE and the interference among the UEs. This means that multiple layer transmission may requires heavier feedback and complicated scheduling rules. And also, MU-MIMO could be more sensitive for channel estimation error. Therefore, if the performance enhancement by multiple layer transmission is not attractive enough, it would be better to consider single layer transmission as one of the candidate for MU-MIMO. 
Weighted multiple layer transmission 

This section considers one of the possible implementation issues which can enhance the spectral efficiency of MU-MIMO by putting higher priority at multiple layer transmission than single layer transmission. When each UE can hear all the DM-RS of simultaneously precoded layers, MAI mitigation is possible at receiver via interference cancellation [1]. But within our agreement made up to the last meeting, MAI mitigation at receiver is not possible yet, and MAI can only be avoided by transmit scheme such as interference mitigating precoder or scheduler. In the other hand, the inter-layer-interference between the layers allocated to the same UE can always be reduced by interference cancellation, and we expect better spectral efficiency for multiple layer transmission even for the case when UEs are geometrically well distributed. As a simple example of SIC considered scheduling rules, we consider weighted multiple layer transmission which puts higher priority of multiple layer transmission to the UE reporting higher CQI than other UEs. When a UE, temporary named 
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, reports high channel quality but it cannot receive multiple independent layers, eNB confirms weather 
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 can receive multiple layers without causing serious MAI to other UEs or not. If eNB find that transmitting multiple layers to 
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 dose not raise MAI, eNB tries to allocate multiple layers to 
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. By allocating multiple layers to the UE reporting high CQI and mitigating the interference by SIC, MU-MIMO can achieve better spectral efficiency.
Simulation result

We consider uncorrelated Tx and Rx antenna cases and we assume that the exact information about downlink channel state is available at eNB. We also assumed that the channel of each UE is identical, and we use 4 Tx antenna and 4 Rx antenna. LTE Rel. 8 codebook is used for precoding.
From figure 1 to figure 3 show total capacity MU-MIMO can achieves when the total transmission rank is fixed. When we use fixed rank transmission and we do not consider weighted multiple layer transmission, rank2 transmission shows the best performance at medium or high SNR, and rank3 or rank4 transmission shows better performance at low SNR. Since we may prefer transmit diversity than special multiplexing at low SNR, in practice, rank3 or rank4 transmission will not be necessary for fixed rank transmission. However, if we can control inter-layer-interference efficiently, for example by applying weighted multiple layer transmission (figure 3), rank3 shows the best capacity at medium or high SNR, and rank3 transmission will be worthy to be considered. For fixed rank transmission, figure 1 to 3 show that single layer transmission provides mostly similar spectral efficiency to multiple layer transmission. 
Rank adaptation always show better performance than fixed rank transmission, and the performance gap is near 10% when we consider rank up to 3 or 4. With rank adaptation, multiple layer transmission shows better performance than single layer transmission at high SNR, and the performance difference between multiple layer transmission and single layer transmission increases at middle SNR region when weighted multiple layer transmission is applied. The simulation results also show that considering rank 4 transmisison is unnecessary both for fixed rank transmission and rank adapted transmission.

Suggestion 
Simulation results show that when rank adaptation is not applied, the performance difference between single layer transmission and multiple layer transmission is not significant, and we expect single layer transmission with fixed rank could be one of the MU-MIMO options if the complexity of transmitter is the major concern. But rank adaptation shows rather remarkable performance enhancement over fixed rank transmission, and we suggest to consider rank adaption up to 3 as a baseline of MU-MIMO when Tx antenna array is 4. In LTE-A, since we use 8 Tx antenna, the simulation results shown in figure 1 to 6 cannot directly implied for LTE-A, and we need some modifications or assumption to find some meaning from the simulation result shown in figure 1 to 6. The followings are out suggestion. 

For the case when 8 polarized antenna is used and there exits only negligible correlation between antenna, we suggest that
1. Rank4 transmission is baseline both for rank adaptation and fixed rank transmission
2. For rank adaptation, up to rank 4 is necessary and up to 5 or 6 are recommendation.
3. Multiple layer transmission per UE should be allowed 
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Fig. 1 multiple layer transmission with fixed rank 
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Fig. 2 single layer transmission with fixed rank
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Fig. 3 weighted layer transmission with fixed rank
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Fig. 4 multiple layer transmission with rank adaptation 
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Fig. 5 single layer transmission with rank adaptation 
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Fig. 6 weighted layer transmission with rank adaptation
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