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1 Introduction
RAN1 has approved CRs for Rel-10 WIs in last RAN1 meeting #62. Latest CRs for 36.211, 36.212 and 36.213 can be found in [1] [2] [3]. For RAN4 part, UL MIMO TR ab.cde v0.1.0 was approved in RAN4 #56 meeting, and the specification number TR 36.817 was allocated in last RAN plenary meeting. Considering the significant progresses for UL MIMO, it is time to start up the discussion on UL MIMO demodulation performance.

In this contribution, we discuss some of the issues related to the performance requirements of UL MIMO, the corresponding viewpoints are also proposed.
2 Discussion
2.1 Basic principles
First of all, it is important to set some basic principles before going into the detailed discussion. As indicated in [4], currently there are already 228 test cases for Rel-8/9 PUSCH requirements only. If also taking PUCCH and PRACH into account, the total number of existing test cases is more than 300. It is nearly impossible and unnecessary to cover all the combinations of antenna configurations, channel models, transmission layers and channel bandwidths in Rel-10 BS test case design. It is proposed to limit the test case number in following aspects:
Channel bandwidth:

Following the same principle used in Rel8/9 36.104, it is suggested to cover all the channel bandwidths for UL MIMO BS performance requirements.
Channel models, Doppler frequencies and channel correlation properties:
Currently there are 5 combinations of channel models and Doppler frequencies used in Rel8/9 36.104, namely: EPA 5Hz, EVA 5Hz, EVA 70Hz, ETU 70Hz, ETU 300Hz. It is noticed that some of the combinations are not applicable for the MIMO tests. It is suggested that only a subset is selected for UL MIMO BS test, for example: EVA xHz and ETU yHz. Doppler frequency “x” and “y” can be discussed further.
For PUSCH test cases, the channel correlation properties should be selected according to the tested transmission layer configuration (rank). 
Antenna configuration:
A high priority is recommended for typical configurations of 2x2 and 4x4 in the early stage of RAN4 study.
Precoding matrix/vector selection:
For the testing purpose, the precoding vector or matrix can be selected either randomly or adaptively. There is no a strong preference on this issue, however one should notice that the DM RS is also precoded. In terms of the performance tests (Chapter 8 in 36.104), which is intended to test the channel estimation and demodulation capability of a BS, a random selected precoding vector/matrix will effectively reduce the test complexity while still fulfilling the original testing purpose. Thus it is slightly preferred to have a randomly selected precoding vector/matrix.
Rank:

For the performance requirements (Chapter 8 in 36.104), the transmission rank should be set as fixed rather than adaptive. Test cases can then be defined according to the rank, i.e.  different number of transmission layers. The performance requirements should cover full rank transmission and also reduced rank transmission. For example for 4x4 antenna configuration, test cases for rank=4 and rank=3 (or rank=2 or both) should be designed; for the rank=1 case we do not see a major benefit of testing it compared to single antenna port performance from physical layer perspective if the precoding codebook is agreed to be selected randomly. This also proves that a randomly selected precoding codebook is an effective scheme of reducing the testing complexity and test case number which is identified as an important working goal for the UL MIMO performance test design.
2.2 Other open issues:

2.2.1 PUSCH
It has been agreed that no additional performance requirements are needed for uplink Single Antenna Port Mode. Thus in the further study, new performance requirements should focus on two and four antenna ports cases. 
In the case of high speed train, at the speed of above 300km/h, the spatial multiplexing transmission will fall back to single antenna port mode. It is proposed that no additional performance requirements are needed for high speed train.
For the case when HARQ-ACK multiplexed on PUSCH, when multiple layers are decided for the PUSCH transmission, the ACK/NACK signalling is replicated across all the layers of both codewords. New performance requirements may be needed.
2.2.2 PUCCH
Space Orthogonal Resource Transmit Diversity (SORTD) is specified for uplink multiple antenna PUCCH transmission without CA for format 1/1a/1b and as the baseline assumption for 2/2a/2b. Therefore, new performance requirements will be needed for these modes. Furthermore, for multi user case, the current multi user tests only consider the single antenna port transmission. We suggest that RAN4 shall consider updating the multi user PUCCH case for better evaluation of Rel-10 PUCCH performance. As in early stage of LTE deployment, there will be less Rel-10 users than Rel-8 users. Therefore, we proposed to set the tested UE as the SORTD user and keep the interferers conditions unchanged. This also requires the least change on the Rel-8 test case.
According to RAN1 agreement, PUCCH TxD is defined for 2 antenna ports only for all possible PUCCH formats (w and w/o CA). For 4 antenna port UE, standard-transparent virtualization can be used to support TxD. Therefore, only new requirements for the 2 transmit antenna ports cases are needed in RAN4 actually. For 4 transmit antenna ports TxD, the performance requirement is the same with 2 transmit antenna ports.

UL MIMO correlation matrices have been agreed in the RAN4 #56 meeting where Low/Medium/High correlation has been captured [5]. For all PUCCH formats with TxD applied, Low and medium channel correlation is proposed to be chosen for initial performance alignment. 
Regarding the crossed topic with CA, i.e., transmit diversity for PUCCH format for CA, we consider the metric, methodology and assumptions shall basically follow the outcome under CA WI with possible modifications considering UL MIMO. The detailed issues shall be within the discussion under UL MIMO WI after the main decisions are made under CA WI.
2.2.3 PRACH
Since the uplink Single Antenna Port Mode is the default mode before eNodeB is aware of the UE transmit antenna configuration. At the same time, there’s no change to PRACH in Rel10. Therefore, no additional performance requirements are needed.
2.4 Channel model

According to [8], the channel model for UL-MIMO is agreed and added into TR36.817. However for medium correlation channel model, further study was suggested [11].
In order to well model  the medium channel correlation property, we need to clarify the target cases using this channel model. There are following 2 typical cases:

1. Transmit diversity (SORTD).
2. Spatial multiplexing
For transmission diversity, in order to show up TxD gain rather than RxD gain, low correlation should be defined at the UE antennas to achieve max throughput, while high correlation should be defined at BS antennas to suppress receiver diversity
Due to this reason, it is suggested that the medium correlation channel model should be defined as following:
Table 1: Correlation for Medium level
	Medium Correlation

	(
	(

	0.9
	0.3 


Where ( denotes the BS antenna correlation and ( denotes UE antenna correlation.

The correlation matrices for medium correlation are defined in Table-2 as below
Table-2: MIMO correlation matrices for medium correlation
	1x2 case
	N/A

	2x2 case
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	2x4 case
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	4x4 case
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For 4x4 spatial multiplexing supporting rank=2/3, the above mentioned correlation may not be suitable. According to the existing channel capacity criteria, for (=0.9 and (=0.3, the channel capacity: λ=0.8557. Obviously it is to some extent large and deviates from the capacity of medium correlation (λ =0.5). According to the following table, the highlighted values as another candidate reference values might be more suitable for medium correlation.
Table 3: Channel capacity and correlation coefficients

	Antenna configuration
	λ
	α
	(

	4×4 ULA
	0.3707
	0.2
	0

	
	0.5003
	0.2
	0.05

	
	0.5312
	0.2
	0.1

	
	0.5704
	0.3
	0.1

	
	0.6085
	0.3
	0.2

	
	0.6400
	0.4
	0.2

	
	0.7258
	0.6
	0.3

	
	0.8557
	0.9
	0.3


However according to the existing R8/R9 specification, low and high correlation can cover 4x4 spatial multiplexing (MIMO mode) supporting rank=1, 2, 3 and 4. Considering the medium correlation matrix will only be used for TxD tests, for simplicity it is suggested that:
	(
	(

	0.9
	0.3 


2.5 SNR definition
Based on the contribution we submitted in last meeting [9], we propose to reuse the SNR definition as in Rel8/9 BS demodulation.
2.6 PHICH
For UL-MIMO transmission, the number of codeword is one or two. However, the PHICH channel for HARQ-ACK specified in TS36.211 has no changes so far. Resource allocation for HARQ-ACK was agreed as baseline assumption as the following: The first PHICH is determined by Rel-8 equation, the second is determined by replacing (lowest PRB index) with (lowest PRB index+1) in the same Rel-8 equation. From the current status in RAN1, the necessity of new performance requirements for PHICH is lower than that of PUSCH or PUCCH. 

3 Conclusion
It is suggested that RAN4 take these information into account and start work on certain BS demodulation aspects.
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