Page 1

3GPP TSG-RAN WG4 Meeting #71
R4-143017
Seoul, Korea, 19 May - 23 May, 2014
Agenda item:
7.12.3
Source: 
Qualcomm Incorporated

Title: 
SU-MIMO CSI Aspects
Document for:
Discussion

1 Introduction
In RAN4#70bis, further agreements on the scenarios for SU-MIMO feature were made and were captured in the WF [1]. A summary of the WF is as follows:
Typical Scenarios:

· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations
· Multi-cell scenario is FFS.
· Prioritize medium antenna correlation
· Current 36.101 single cell multi-layer spatial multiplexing FRC test setups can be used as the starting point for aligning simulation results for demodulation
· Other fading propagation channels and MCS values can be studied

Reference receiver:
· Candidate reference receiver set: CWIC/R-ML/SLIC
CSI requirements:
· No new PMI requirements for SU-MIMO are needed
· Companies are encouraged to provide studies on the need of new CQI/RI requirements in the next meeting.

· Study the reference receiver with current CSI tests
In our companion demodulation paper [2] we have presented our views for the reference receiver selection.

In this paper we show simulation results for R-ML based SU-MIMO receiver. Note that the R-ML/SLIC receivers in the SU-MIMO context treats the inter-cell interference as Gaussian without any classification/detection algorithms. 

We also present our views on the CSI RI and CQI tests.
2 RI Test Discussion
As discussed in [3]:

For RI: the use of a more advanced receiver as compared to LMMSE-IRC may have the following effects:

· Rank reported switch point from Rank 1 to Rank 2 may happen at lower SNR point

· BLER (and hence gamma values) may be different especially for test 3

· Rank 2 performance would outperform that of LMMSE-IRC and hence SU-MIMO receiver may be penalized when calculating gamma2

Hence it may be beneficial to study the RI requirements and decide if any changes are required.
In this paper we study the CSI RI performance differences between LMMSE-IRC and R-ML based receivers.
Table 1 shows the current RAN4 requirements for Reporting of Rank Indicator (RI) test as in 36.101 section 9.5.1.1.
Table l: Current Rel 11 Reporting of Rank Indicator (RI) Requirements

	
	Test 1
	Test 2
	Test 3

	SNR
	0
	20
	20

	Correlation
	Low
	Low
	High

	1
	N/A
	1.05 
	0.9

	2
	1 
	N/A
	N/A 

	UE Category
	2-8
	2-8
	2-8


Tables 2, 3, and 4 show the simulation results for LMMSE-IRC and R-ML for 36.101 section 9.5.1.1 RI tests 1, 2, and 3, respectively. 
Table 2: 36.101 section 9.5.1.1 Reporting of Rank Indicator (RI) Test 1 (Low Correlation)
	
	γ2 @ low correlation

	SNR
	LMMSE-IRC
	R-ML

	-2
	1.34
	1.43

	-1
	1.29
	1.34

	0
	1.21
	1.23

	1
	1.18
	1.19

	2
	1.16
	1.15

	3
	1.15
	1.14

	4
	1.16
	1.14

	5
	1.14
	1.11


Table 3: 36.101 section 9.5.1.1 Reporting of Rank Indicator (RI) Test 2 (Low Correlation)

	
	γ1 @ low correlation

	SNR
	LMMSE-IRC
	R-ML

	16
	1.17
	1.22

	17
	1.18
	1.23

	18
	1.16
	1.21

	19
	1.15
	1.21

	20
	1.13
	1.18

	21
	1.11
	1.16

	22
	1.14
	1.16

	23
	1.14
	1.18


Table 4: 36.101 section 9.5.1.1 Reporting of Rank Indicator (RI) Test 3 (High Correlation)

	
	γ1 @ high correlation

	SNR
	LMMSE-IRC
	R-ML

	16
	1.00
	1.01

	17
	0.99
	0.99

	18
	1.00
	1.01

	19
	0.99
	1.00

	20
	0.98
	0.99

	21
	0.97
	0.99

	22
	0.94
	0.98

	23
	0.92
	0.97


From the simulation results above, it can be noted that:

1. R-ML results are slightly better than those of LMMSE-IRC. 

a. In the high correlation case, R-ML rank 1 would be the same as LMMSE-IRC rank 1, however, since rank 2 (and rank adaptation) for R-ML is better, the value for γ2 is better.
b. Same argument in (a) can be extended to low correlation high SNR case. 

c. In the low correlation, low SNR case, LMMSE-IRC can perform as good as R-ML and there will be a trade-off between fixed rank 2 and rank adaptation case, in which case (in the receiver discussed here), R-ML is of higher γ2.
2. The R-ML RI simulation results show that SU-MIMO receiver can pass the existing RI tests without any modifications.
Proposal 1: Consider not introducing new RI test for SU-MIMO.
3 CQI Test Discussion

RAN1 specification (36.213) defines the CQI as:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.
RAN1 is not modifying the definition for SU-MIMO.

The current RAN4 CQI tests are designed to make sure the UE is in-line with the definition of RAN1 as well as make sure the UE is indeed sending the correct distributions and offsets of wide-band and sub-band CQI’s.
For SU-MIMO receivers, the basic operation for CSI will be unchanged and the UE needs to do the same calculations but possibly using different algorithms. 
From the arguments above, we propose that no changes to the CSI core part should be done for SU-MIMO.

Proposal 2: No CSI core part changes required for SU-MIMO.
If the core part and the metrics used for CSI for SU-MIMO are unchanged, the only remaining possible changes are the test points.
Since SU-MIMO mostly affects the rank switching regions (where the rank can switch at different SNRs as compared to LMMSE-IRC), we believe that within fixed Rank 1 and fixed  Rank 2 setups, the existing CQI metrics should still hold for SU-MIMO receivers. 
Within Rank 2, SU-MIMO BLER performance may be different as compared to LMMSE-IRC (since we may have orthogonal channel but with fixed PMI), but still the UE has to adhere to the RAN1 definition. 

Since CQI test cases are either Rank 1 or Rank 2, we propose that no change to the current test cases including metrics and SNR test point is needed and thus propose not to add any CQI tests for SU-MIMO.

Proposal 3: Consider not introducing any new CQI tests for SU-MIMO.
4 Conclusions
In this paper we presented discussion on the SU-MIMO RI test case. 

Observation 1: The R-ML RI simulation results show that SU-MIMO receiver can pass the existing RI tests without any modifications.

Proposal 1: Consider not introducing new RI test for SU-MIMO.

Proposal 2: No CSI core part changes required for SU-MIMO.

Proposal 3: Consider not introducing any new CQI tests for SU-MIMO.
5 References

[1] R4-142376, “Way forward on SU-MIMO”, Huawei, HiSilicon, Ericsson, NVIDIA, Qualcomm, Samsung, Intel, NTT DOCOMO, MediaTek, RAN WG4 Meeting #70bis
[2] R4-143014, “SU-MIMO Demodulation Aspects”, Qualcomm Incorporated, RAN WG4 Meeting#71

[3] R4-141458, “SU-MIMO Test Case Discussion”, Qualcomm Incorporated, RAN WG4 Meeting #70bis

PAGE  
1/4

