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1. Introduction

In RAN4 #82 meeting multiple agreements on MuST case 1/2 UE demodulation performance requirements definition were reached and captured in [1]:
	· 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

· FFS on the feasibility of 64QAM under EVM 6%.

· 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 this paper we provide our further views on the parameters for MuST case 1/2 demodulation performance requirements definition.
2. Discussion

2.1 MUST Case 1/2 scenarios
In the previous meeting several candidate scenarios in terms of Near/Far UE rank combinations were identified [1] also illustrated in Figure 1:

	· 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
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	Figure 1. MuST Case 1 and 2 transmission use cases.


If we take into account all possible combinations of TMs, near UE modulation formats and possible power ratios, then the total number of test cases can become very big. In our view, in the WI it is essential first to specify the requirements for the key scenarios with Rank 1 transmissions to the Near and Far UE. Meantime, additional studies and evaluations on other scenarios may be need in order to verify feasibility. In Table 1 we provide our view on the possible subset of test cases.

Table 1. List of test cases for MuST case 1 and 2

	
	TM
	Near UE rank
	Far UE rank

	Test 1
	2
	1
	1

	Test 2
	4
	1
	1


Proposal #1:
Define the following test cases for MuST case 1/2 Near UE requirement specification:

· First priority

· Test 1: TM2, Near UE Rank 1, Far UE Rank 1

· Test 2: TM4, Near UE Rank 1, Far UE Rank 1

· Other scenarios are considered with lower priority

2.2 Near UE / Far UE power ratio

Three possible values of Near/Far UE power ratios were defined for each combination of Near/Far UEs modulation formats. In the previous RAN4 meeting preliminary discussion on this aspect took place and two high level options were identified: a) fixed power ratio model and b) quasi-random power ration model.
Using random dynamic selection of the power offset levels during the test may lead to increased test complexity and eventually does not bring any benefits in the demodulation test case definition. The main purpose of using random model is to enable verification that UE correctly interprets the DCI signalling which is more like a functional test. We would like to note that as show below the respective test purpose can be achieved via a fixed power ratio test. Also, it is rather unreasonable to assume that eNB would dynamically change the power offset value for the near UE on a per-subframe basis. Therefore, a fixed power offset model (per test) is recommended.

Three possible values of power offsets were defined by RAN1 for each Near UE modulation format: 
· {8/10, 50/58, 264.5/289} for Near UE QPSK 
· {32/42, 144.5/167, 128/138} for Near UE 16QAM
· {128/170, 40.5/51, 288/330} for Near UE 64QAM 
In Figure 2 we provide simulation results with the analysis of the impact of using different power ratio assumption on the RX side. It is observed that in scenarios with Near UE QPSK modulations, using misaligned power ratio at the RX side does not lead to PDSCH performance degradation. For scenarios with Near UE 16QAM modulation, using alignment of Tx and Rx power ratios is very important for PDSCH demodulation. In case when Tx power ratio 3 is used (i.e. 128/138) applying wrong power ratio at the Rx side provides leads to large performance degradation in comparison with scenarios with other Tx power ratio values. On the other hand, using of Tx power ratio 3 shifts SNR operation point and the performance can become untestable. So, we propose to consider the following power ratio values for MuST case 1/2 requirement definition: {8/10, 32/42, 128/170} for scenarios with Near UE QPSK, 16QAM, 64QAM, respectively.
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	Figure 2. MuST case 1 – TX and RX power ratio misalignment.


Proposal #2:
Use fixed Near/Far UE power ratios 

· Near UE QPSK – power ratio 8/10
· Near UE 16QAM – power ratio 32/42
· Near UE 64QAM – power ratio 128/170 
2.3 New higher layer parameter PA_MUST

In previous RAN4 meeting it was agreed to introduce test case with different PA_MUST and legacy PA values, but exact value of PA-MUST is FFS. In LTE PA can be chosen from the following list { -6, -4.77, -3.0, -1.77, 0, 1, 2, 3 } dB. Currently most of UE test defined under assumption that PA = -3 for 2 Tx case and PA = -6 for 4 Tx case. We think that 3 dB difference in PA and PA_MUST will allow to verify that you use correct PA value. So, suggest to consider PA = 0 for 2 Tx case and PA = -3 for 4 Tx case.
Proposal #3:
Use 3 dB difference in PA and PA_MUST values
2.4 Near UE modulation format
In previous RAN4 meeting it was agreed to introduce test cases at least for QSPK and 16QAM Near UE modulation formats. Our suggestion to consider the following combination of Near UE modulation formats and scenarios for the performance requirement definition:

· Test 1 (TM2 Rank 1): QPSK

· Test 2 (TM4 Rank 1): 16QAM

As discussed in the last meeting, the introduction of the test cases with Near UE 64QAM modulation depends on the associated TX EVM assumptions. The respective discussion is provided further.
Proposal #4:
Use the following Near UE modulations:

· Test #1: TM2, Near UE Rank 1, Far UE Rank 1 + QPSK Near UE modulation
· Test #2: TM4, Near UE Rank 1, Far UE Rank 1 + 16QAM Near UE modulation
2.5 TX EVM
In MuST Case 1/2 Far UE modulation format is limited by QPSK and Near UE modulation format can be {QPSK, 16QAM, 64 QAM}. Multiplexing of Near and Far UEs signals leads to generation of signals 16, 64 or 256 constellation points (e.g. 16QAM, 64QAM or 256QAM). Current TX EVM assumptions for DL UE demodulation requirements are defined as 6% for QPSK, 16QAM, 64QAM and 3% for 256QAM. Hence, we suggest to consider 6% EVM for scenarios with Near UE QPSK and 16QAM and 3% EVM for scenarios with Near UE 64QAM. Also, in Figure 2 we illustrate EVM impact on QAM constellation after multiplexing of Near and Far UEs signals in case of Near UE modulation format is 64QAM and power ratio is equal to 128/170. In Figure 3 we illustrate the EVM impact on the TX constellation. In Figure 4 we illustrate PDSCH performance for Near UE MCS #15 and #18 which show that using of 6% TX EVM leads to substantial performance degradation, especially for MCS #18 case. Therefore, in case 64QAM requirements are introduced the performance requirements are recommended to be derived for the 3% TX EVM case.
	EVM 6%
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	Figure 3. QAM constellation with EVM impact


	Rank 1 Near UE MCS #15 + Rank 1 Far UE QPSK
	Rank 1 Near UE MCS #18 + Rank 1 Far UE QPSK

	Power ratio 128/170

[image: image12.emf]8 10 12 14 16 18 20 22 24

SNR, dB

0

5

10

15

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, MuST case 1, Near UE 64QAM (MCS #15), Tx Power1

Tx EVM 3%

Tx EVM 6%


	Power ratio 128/170
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	Figure 4. MUST Case 1/2 performance for 64QAM with 3% and 6% TX EVM


Proposal #5:
Use the following TX EVM assumptions for MuST case ½ requirements definition:

· 6% for QPSK/16QAM Near UE modulation format 

· 3% for 64QAM Near UE modulation format.
3. Conclusions

In this contribution we provided our views on the MUST Case ½ UE demodulation performance requirements. In summary, we make the following proposals:
Proposal #1:
Define the following test cases for MuST case 1/2 Near UE requirement specification:

· First priority

· Test 1: TM2, Near UE Rank 1, Far UE Rank 1

· Test 2: TM4, Near UE Rank 1, Far UE Rank 1

· Other scenarios are considered with lower priority

Proposal #2:
Use fixed Near/Far UE power ratios 

· Near UE QPSK – power ratio 8/10
· Near UE 16QAM – power ratio 32/42
· Near UE 64QAM – power ratio 128/170 
Proposal #3:
Use 3 dB difference in PA and PA_MUST values
Proposal #4:
Use the following Near UE modulations:

· Test #1: TM2, Near UE Rank 1, Far UE Rank 1 + QPSK Near UE modulation
· Test #2: TM4, Near UE Rank 1, Far UE Rank 1 + 16QAM Near UE modulation
Proposal #5:
Use the following TX EVM assumptions for MuST case ½ requirements definition:

· 6% for QPSK/16QAM Near UE modulation format 

· 3% for 64QAM Near UE modulation format.
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