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Discussion 
1
Introduction 
In last RAN4 meeting, performance part of MUST WI [1] was first discussed. A WF [2] was agreed to capture the agreements and list the remaining issues. In this paper, we provide our view on the remaining issues for MUST Case 1 and Case 2. 
2
Agreements from Last Meeting

Below, we capture the agreement for MUST Case 1 and Case 2 in [2]. 
	· MUST Case 1 and Case 2

· No new test on far UE decoding performance

· No new test for starting OFDM symbol

· No new test on PDCCH decoding performance

· Introduce test cases to cover

· Transmission modes: 

· TM2 and TM4

· TM3 is FFS

· Near UE modulation levels: 

· At least QPSK and 16QAM

· Different rank combinations of near and far UEs

· Option 1: Both rank-1

· Option 2: Both rank-2

· Option 3: Near UE rank-2 and far UE rank-1

· With and without p-a-must configuration

· Companies are also encouraged to provide views on the following parameters

· MCS level

· Exact values of p-a and p-a-must

· Random or fix power ratio


In general, RAN4 still has open issues listed as following:

1. Whether to have test in TM3
2. Whether to test all rank combinations
3. Exact value of p-a and p-a-must
4. Adopt random or fix power ratio in test
5. MCS level selection
In next section, we provide our view for each open issue.

3
Discussions on Open Issues
1. Whether to have test in TM3
The main argument for the use case of TM3 with MUST is not on the probability of configuring TM3 in the network, but on the probability to schedule rank-2 transmissions for both near and far UEs. To study the probability, we conducted system-level simulations with the simulation assumptions same as those used in [3]. The distribution of modulation and rank combinations are provided in Table 1.
Table 1 Distribution of modulation and rank combinations for MUST Case 1
	Rank
	Modulation
	Probability
	Prob(Rank=x)

	Rank-1 far and Rank-1 near UEs
	QPSK+QPSK
	40.32%
	67.4%

	
	16QAM+QPSK
	23.66%
	

	
	64QAM+QPSK
	3.41%
	

	Rank-2 far and Rank-2 near UEs
	QPSK+QPSK
	18.84%
	32.6%

	
	16QAM+QPSK
	12.06%
	

	
	64QAM+QPSK
	1.68%
	


Note that the simulation is conducted under TM4. The probability of using rank-2 transmission for both near and far UE is 32.6%. In TM4, eNB can only pair two UEs with the same precoder for MUST transmission. We can expect higher rank-2 probability in TM3 case where there is no precoder alignment issue. Since the pairing probability of two Rank-2 UEs is not negligible, we suggest RAN4 to specify at least one test case in TM3.
Proposal 1: RAN4 to specify at least one test case in TM3. 

2. Whether to test all rank combinations
There are 3 possible rank combinations for MUST Case 1 and 2. In different combinations, how near UE calculates the power per layer are different. Assume p-a-must is configured with the value Pa-must. Let PCRS denote the power on CRS RE, then the total EPRE for MUST-far and MUST-near UE in OFDM symbols without CRS is 
Ptotal= PCRS
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 [dB], according to Section 5.2 of TS36.213. Denote αi the power ratio on spatial layer i. Then 3 different cases of how the power is shared by MUST-near and MUST-far UEs are summarized in Table 2. Note that in the case where MUST-near UE is rank-2 and MUST-far UE is rank-1, we derive the power based on the following 3 rules: 1) Ptotal is the total power summed among all layers and all UEs, 2) MUST-near UE assumes same power on its 1st and 2nd layers, and 3) the PDSCH power of MUST-near and MUST-far UEs in the first layer follows the indication of the power ratio α0.

Table 2 Power splitting between layers
	# of CWs 
	PDSCH power of MUST-near UE
	PDSCH power of MUST-far UE

	MUST- near UE
	MUST-far UE
	in CW 0
	in CW 1
	in CW 0
	in CW 1

	2
	2
	Ptotal *(1-α0)/2
	Ptotal *(1-α1)/2
	Ptotal * α0/2
	Ptotal * α1/2

	2
	1
	Ptotal *(1-α0)/(2-α0)
	Ptotal *(1-α0)/(2-α0)
	Ptotal * α0/(2-α0)
	0

	1
	1
	Ptotal *(1-α0)
	0
	Ptotal * α0
	0


* Note that Table 2 already considers the power normalization on the precoder.

Since the equations used in calculating the layer power change with the rank-combination, it would be better to design test cases to cover all possible behaviours. Therefore, we suggest RAN4 to specify test cases to cover all 3 rank combinations.
Proposal 2: RAN4 to specify test cases to cover all 3 rank combinations.
3. Exact value of p-a and p-a-must
The RRC parameter p-a-must is (optionally) configured to provide near UE a new reference of the total transmitted power when the far UE interference exists. A new UE behavior is that UE needs to follow p-a-must, but not p-a in a certain condition. One question raised is whether this new behavior is testable. To answer this, a quick experiment we can check is how much the performance degradation is when UE does not exactly follow p-a (or p-a-must). 
We conducted link-level simulation with TM2, MCS#16 and p-a = 0dB based on the simulation assumption provided in [2]. The results are shown in Figure 2. The black curves are the performance when UE follows the correct p-a, while blue and red curves are those when UE assumes p-a to be 3dB more and 3dB less, respectively. Different sub-figures represent different power ratio used at the Tx side. Here we assumed UE always follows the correct power ratio.
[image: image4.png]throughput(Mbps)

TM2, 10MHz, EVAS, MCS#1B, 1st power ratio used at both Tx and R

TM2, 10MHz, EVAS, MCS#1B, 2nd power ratio used at both Txc and Ry

TM2, 10MHz, EVAS, MCS#1B, 3rd power ratio used at both Tx and Ric

12

10

throughpu(Mbps)

4 +
10 15 20 2

throughpu(Mbps)

12

10

L & &
8 10 12 14 16 18 20 2 24 2

12 14
total SNR{dB)

total SNR{dB)

total SNR{dB)




(a)                           (b)                        (c) 

Figure 1. Throughput performance for TM2, MCS#16 and different p-a by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx

From the simulation results, we see performance degradations when UE is not following the correct p-a. This means that if we configure p-a-must to be 3dB higher or lower to p-a, we can know whether UE really follows p-a-must according to the throughput performance. 
Moreover, we observed larger performance degradation when UE assumes a higher p-a. Therefore, we suggest to configure p-a-must to be 3dB lower than p-a in the test.
Observation 1: Performance degradation is observed when UE is not following the correct p-a or p-a-must. 

Proposal 3: RAN4 to choose one test case for testing the power allocation behavior when p-a-must is configured. The value of p-a-must can be 3 dB lower than p-a. 
4. Adopt random or fix power ratio in test
One interesting issue is that whether to a fix power ratio or a random power ratio during testing. In our previous paper [4], we showed that fixing at the 3rd power ratio can provide the largest gap between the performance of correct and wrong UE behaviors. What we still don’t know is whether using random power ratio can also achieve similar purpose. 
To study this issue, we conducted the simulations with random power ratio used at Tx side. Three power ratios are equal likely to be adopted. The results are provided in Figure 2. At the Rx side, we simulated 4 different behaviors: follow correct power ratio (in black color) or assume 3 different fixed power ratios (in other colors). From the results, it is surprising that UE can achieve the performance very close to ‘follow power ratio’ at 70% throughput by simply always fixing 2nd power ratio. Hence, we suggest RAN4 to adopt fixed 3rd power ratio in the test cases for MUST Case 1 and Case 2. 

Proposal 4: RAN4 to adopt fixed 3rd power ratio in the test cases 
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Figure 2. Throughput performance for TM2, MCS#16 and random power ratio at Tx side and 4 different behaviours at Rx side

5. MCS level selection
According to the agreed WF [2], 64QAM is now de-prioritized due to the concern of same DL Tx EVM requirement. As a result, we now focus on QPSK or 16QAM, to be used for near UE. In general, we prefer test case to be designed to cover both QPSK and 16QAM. In our opinions, the MCS should be selected as high as possible to have the test operated in interference-limited condition. On the other hand, we do not to have a too-high MCS which brings the SNR point into EVM sensitive regions.
Proposal 5: MCS should be selected as high as possible to have the test operated in interference-limited condition, but not a too-high MCS which brings the SNR point into EVM sensitive regions
4
Test Case 
Based on above discussion, we have the following proposal for the test cases in MUST Case 1 and Case 2:
Table 3 list of test cases for MUST Case 1 and Case 2

	Test case
	Transmission mode
	MCS
	p-a-must
	Power ratio
	Num of near UE CWs
	Num of far UE CWs

	A1
	2
	#16
	Configured, 3dB lower than p-a
	Fixed at the 3rd power ratio
	1
	1

	A2
	3
	#9
	Not configured
	
	2
	2

	A3
	4
	#10
	
	
	2
	1


Proposal 6: RAN4 to consider the follow test cases for MUST Case 1 and Case 2
	Test case
	Transmission mode
	MCS
	p-a-must
	Power ratio
	Num of near UE CWs
	Num of far UE CWs

	A1
	2
	#16
	Configured, 3dB lower than p-a
	Fixed at the 3rd power ratio
	1
	1

	A2
	3
	#9
	Not configured
	
	2
	2

	A3
	4
	#10
	
	
	2
	1


5
Summary 
In this paper, we provide our view on the remaining open issues for MUST Case 1 and Case 2. Based on the evaluation through simulation, we have the following observations and proposals:
Observation 1: performance degradation is observed when UE is not following the correct p-a or p-a-must. 

Proposal 1: RAN4 to specify at least one test case in TM3. 

Proposal 2: RAN4 to specify test cases to cover all 3 rank combinations.
Proposal 3: RAN4 to choose one test case for testing the power allocation behavior when p-a-must is configured. The value of p-a-must can be 3 dB lower than p-a. 
Proposal 4: RAN4 to adopt fixed 3rd power ratio in the test cases 
Proposal 5: MCS should be selected as high as possible to have the test operated in interference-limited condition, but not a too-high MCS which brings the SNR point into EVM sensitive regions
Proposal 6: RAN4 to consider the follow test cases for MUST Case 1 and Case 2
	Test case
	Transmission mode
	MCS
	p-a-must
	Power ratio
	Num of near UE CWs
	Num of far UE CWs

	A1
	2
	#16
	Configured, 3dB lower than p-a
	Fixed at the 3rd power ratio
	1
	1

	A2
	3
	#9
	Not configured
	
	2
	2

	A3
	4
	#10
	
	
	2
	1
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