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1 Introduction
The SI “Study on interference cancellation receiver for LTE BS” [1] was approved in RAN#73. In RAN4#82, the simulation cases were agreed in [2]. In RAN4#82bis, companies provided simulation results, and they are captured in [3] and [4]. A WF [5] was agreed which lists the main open issues to be decided in RAN4#83 as below.
	· On simulation results
· For cases with more than 2dB span, companies are invited to check and update the simulation results.
· More companies are invited to provide the simulation results with time and frequency offset.
· Principle for down-selecting test case
· BS Rx number: cover 2Rx and 4Rx
· Propagation condition (intra-cell UEs, inter-cell UEs): cover (EPA5 low, ETU5 low), (EVA70 low, ETU70 low)
· Inter-cell interference scenario: cover high and/or low interference levels
· MCS: cover MCS 10/15
· MCS 21 could be considered if the motivation is justified
· Test metric for performance requirements
· Option 1: SINR at 85% of maximum throughput of each individual intra-cell UE.
· Option 2: SINR at 85% of maximum sum throughput of all the intra-cell UEs.
· Option 3: SINR at 85% of maximum throughput of anyone of weakest intra-cell UE.
· Other options are not precluded.


In this paper, we will address the open issues in [5] and provide views on the possible BS IC test cases.  
2 Discussion
Test case down selection

24 simulation cases have been studied covering

· Equal SNR and unequal SNR

· 2RX and 4RX

· (EPA5 low, ETU5 low) with high inter-cell interference and (EVA70 low, ETU70 low) with low inter-cell interference

· Different MCS combinations, including MCS10, 15 and 21

It is clear that in the possible follow-up WI, RAN4 cannot define so many test cases. On the other hand, not all cases need to be tested, as they may have the same test purpose or can be covered by other cases. Next we will provide our views which cases should be down selected for test.

We first discuss the association of MCS and propagation/interference condition, i.e. whether (x-a1, x-b1) or (x-a2, x-b2) should be considered for the performance test. In (x-a1, x-b1), high MCS (MCS15) is associated with (EVA70, ETU70) with low inter-cell interference, while in (x-a2, x-b2) high MCS (MCS15) is associated with (EPA5, ETU5) with high inter-cell interference.

From our simulation results, we can observe that the performance of IC receiver is worse in (EVA70, ETU70) than in (EPA5, ETU5), even the inter-cell interference is lower. The performance of non-IC receiver also is worse in (EVA70, ETU70) than in (EPA5, ETU5), but it is less sensitive than IC receiver. Therefore, it is the propagation condition but not the inter-cell interference level that dominates the performance. 

In this sense, (x-a1, x-b1) is more challenging as it associates high MCS (MCS15) with more challenging (EVA70, ETU70) condition. Also if we look at the SNR ranges covered, (x-a1, x-b1) covers a wider range, e.g. low SNR ranges (<0dB) is also tested with MCS10 and (EPA5, ETU5). 

Our preference is to consider (x-a1, x-b1) for the possible performance tests. 
Then for unequal SNR, one open issue from RAN4#82 is the MCS option for unequal SNR cases, i.e. in the possible performance test, whether high SNR UE (UE1 and UE3) should use higher, same or lower MCS compared to the low SNR UE (UE2 and UE4).

From our results it can be observed that in case high SNR UE has same MCS or lower MCS than low SNR UE, i.e. except for case U1-d and U2-c, there is much smaller IC gain for the high SNR UE compared to low SNR UE. In this sense, Case U1-d and U2-c can better verify whether BS is properly handling all the co-scheduled UEs. Also it is the typical BS behavior to associate high MCS with high SNR UE. 
Our preference is to consider case U1-d and U2-c for possible unequal SNR performance tests.

Since the two test cases for unequal SNR is identified, (x-a1, x-b1) should be tested with equal SNR. Then we need to discuss if both 2RX and 4RX should be tested or not. In general, the IC gain is larger with 4RX, so one may consider to test 4RX for both equal and unequal SNR, however, it may not be proper to test 4RX with equal SNR, as it may be difficult for BS to co-schedule 4 UEs with equal SNR. 
Our preference is to consider 4RX only for unequal SNR tests. 
Another open issue is whether MCS21 should be considered for the possible performance tests. In our results, MCS21 does cover high SNR range (>15dB), but the IC gain is not larger than MCS15 in the same (EPA5, ETU5) condition. We do not see any larger test coverage with MCS21 than MCS15, but on the other hand, since MCS15 is used in multiple cases, MCS21 may be considered to increase the test coverage.
We do not have strong preference if MCS21 should be tested or not.

Based on above analysis, the down selected test cases are summarized in Table 1.
Proposal 1: RAN4 to consider define performance test for the cases listed in Table 1.

Table 1: Summary of our preferred cases for the possible test

	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	E1-a1 or E1-c
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10 or 21
	DIP1 = -0.43 dB

	E1-b1
	2 Rx
	2 UEs
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB

	U1-d
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10 for UE1

MCS 15 for UE2
	DIP1= -0.43 dB

	U2-c
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10 for UE1, 3

MCS 15 for UE2, 4
	DIP1= -0.43 dB


Test metric

The second open issue to be discussed in RAN4#83 is the test metric. There are three options listed in [5], and there is a good analysis about different options in [6]. Our preference is to use option 2, i.e. the sum throughput. The main reason is that it can significantly simplify the test case design or test efforts compared to the other two options. The main concern with option 2 is that it may not be able to reflect the case if BS sacrifices some of the UEs in order to maximize the sum throughput. This is a valid concern, but if our Proposal 1 can be adopted, i.e. if U1-d and U2-c will be used to test unequal SNR, there should be no such worry, as it is a common observation from companies that there will be IC gain for all UEs.  
Proposal 2: Use Option 2 (SINR at 85% of maximum sum throughput of all the intra-cell UEs) as the metric for the possible performance test.
Modeling of TO/FO
Another open issue to be discussed is whether TO/FO should be modeled in the performance test. When TO/FO exist, which is the typical case in realistic network, it will impact the performance if not handled properly. In particular, for multi-user scheduling, the TO/FO will degrade the orthogonality among UEs, thus causing performance loss in channel estimation and demodulation. From our results we can observe 1-2dB loss when TO/FO is not handled. Therefore, our preference is to include TO/FO in the possible performance tests.
Proposal 3: TO/FO should be modeled in the possible performance test.

3 Conclusions 

In this paper, we provided our views on the possible test cases for BS IC.
Proposal 1: RAN4 to consider define performance test for the cases listed in Table 1.
Proposal 2: Use Option 2 (SINR at 85% of maximum sum throughput of all the intra-cell UEs) as the metric for the possible performance test.
Proposal 3: TO/FO should be modeled in the possible performance test.

Table 1: Summary of our preferred cases for the possible test

	Case No.
	Rx antenna
	No. of UEs
	Propagation condition (intra-cell UEs, inter-cell UEs)
	MCS level (intra-cell UEs)
	Inter-cell interference scenario

	E1-a1 or E1-c
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10 or 21
	DIP1 = -0.43 dB

	E1-b1
	2 Rx
	2 UEs
	(EVA70 low, ETU70 low)
	MCS 15
	DIP1 = -5.45 dB

	U1-d
	2 Rx
	2 UEs
	(EPA5 low, ETU5 low)
	MCS 10 for UE1

MCS 15 for UE2
	DIP1= -0.43 dB

	U2-c
	4 Rx
	4 UEs
	(EPA5 low, ETU5 low)
	MCS 10 for UE1, 3

MCS 15 for UE2, 4
	DIP1= -0.43 dB
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