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1 Introduction
In the last RAN4 meeting, RAN4 discussed whether to introduce the PDSCH demodulation requirements at 30%ile throughput test point [1]. The motivation to introduce this requirement is just verification of soft combining in HARQ re-transmission case. In this contribution, we analyse and discuss the necessity of such requirements.
2 Discussion
For FR1, it was agreed to use 70% throughput for test point. This test point is efficient to normal PDSCH demodulation performance but not enough to guarantee HARQ performance at the UE. More specifically, UE should perform proper HARQ soft combining especially at cell-edge with low throughput case. In Fig.1, we show the performance comparison between UEs with proper soft combining and no combining cases. Note that the evaluation assumption is based on the case 2 in [2], i.e. MCS#4 (QPSK) and 1 MIMO layer are assumed as an example of cell-edge environment. 
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Fig.1 Performance comparison between proper and no soft combining

From the results, we can see only 0.4 dB of performance difference at 70% throughput test point. This means that proper soft combining cannot be verified by 70% throughput test point since UE with no soft combining could pass such test. 
Observation 1: It is difficult to distinguish UEs with and without proper soft combining by 70%ile throughput test point since performance difference of those UEs is only 0.4dB.
In Fig.2, we show the system evaluation results to evaluate the impact of improper soft combining. Note that macro cell deployment and 4GHz carrier frequency are assumed for this evaluation. Other evaluation assumptions are summarized in Annex. Table 1 also provides 95%ile/average/5%ile user throughput. From the results, we can see that there is a risk that system performance is significantly degraded due to improper soft combing. The reason is that multiple re-transmission would occurred if UE does not implement proper soft combining. As shown in Table 2, the probabilities of 2 or 3 times re-transmission are increased in no combining case. As a result, total ACK probability are greatly degraded and it bring significant system performance loss.
Observation 2: There is a risk that system performance is significantly degraded if RAN4 cannot ensure the proper HARQ soft combing at UE side.

Proposal 1: Specify 30%ile throughput testing point for NR PDSCH demodulation requirements to verify the proper HARQ soft combining at UE side.
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Fig.2 System evaluation results in Macro cell deployment

Table.1 Summary of system evaluation results
	RU
	Scenario
	User throughput [Mbps]

	
	
	95%ile 
	Gain
	Average
	Gain
	5%ile
	Gain

	25%
	No soft combining
	91.18
	-17.4%
	44.19
	-22.4%
	14.12
	-26.6%

	
	Proper soft combining
	110.38
	-
	56.96
	-
	19.24
	-

	50%
	No soft combining
	73.58
	-19.3%
	30.65
	-27.8%
	7.46
	-32.1%

	
	Proper soft combining
	91.18
	-
	42.48
	-
	10.98
	-


Table 2. Probability of each HARQ transmission
	RU
	Scenario
	Probability of each HARQ transmission 

	
	
	Total ACK
	1 trans
	1 re-trans
	2 re-trans
	3 re-trans

	25%
	No soft combining
	80.23%
	91.10%
	2.95%
	1.20%
	4.75%

	
	Proper soft combining
	89.63%
	91.08%
	7.54%
	0.64%
	0.74%

	50%
	No soft combining
	81.44%
	90.98%
	3.52%
	1.37%
	4.14%

	
	Proper soft combining
	90.32%
	91.12%
	7.83%
	0.58%
	0.47%


On the other hand, to perform proper soft combining at UE side, UE needs to have enough soft buffer (memory). Generally that takes a higher cost and requires wider memory space. In order to have flexibility of UE implementation, UE capability signalling for the performance of HARQ retransmission could be introduced instead of UE category. More specifically, RAN4 can introduce multiple PDSCH demodulation requirements for HARQ retransmission as shown in Fig.3, and UE can indicate which requirement can be satisfied by UE based on own soft buffer size.
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Fig. 3 Example of multiple HARQ performance requirements and UE capability signalling
If network can know HARQ retransmission performance by such UE capability signalling, the scheduler at gNB side can designed so that the system performance does not degrade as much as possible. For example, lower target BLER for the first transmission (<10%) can be utilized and/or wider transmission resources can be allocated for the retransmission for low performance UE.
Proposal 2: Introduce multiple PDSCH demodulation requirements for HARQ retransmission as shown in Fig.3, and UE indicates which requirement can be satisfied by UE based on own soft buffer size.
3 Conclusion

In this contribution, we analyse and discuss the necessity of such requirements. Our observations and proposal are summarized below:
Observation 1: It is difficult to distinguish UEs with and without proper soft combining by 70%ile throughput test point since performance difference of those UEs is only 0.4dB.

Observation 2: There is a risk that system performance is significantly degraded if RAN4 cannot ensure the proper HARQ soft combing at UE side.

Proposal 1: Specify 30%ile throughput testing point for NR PDSCH demodulation requirements to verify the proper HARQ soft combining at UE side.

Proposal 2: Introduce multiple PDSCH demodulation requirements for HARQ retransmission as shown in Fig.3, and UE indicates which requirement can be satisfied by UE based on own soft buffer size.

4 Reference

[1]. R4-1809392, NTT DOCMO, intel, Way forward on parameters for PDSCH demodulation requirements, July 2018.
[2]. R4-1809393, intel, Simulation assumptions for NR PDSCH demodulation performance requirements, July 2018.

Annex

	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Bandwidth
	10MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	UMa for Macro only/UMi for Micro only in TR 36.873

	BS Antenna Configuration
	(M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ

	BS TXRU configuration
	(M,N,P,Mg,Ng)=(1,8,2,1,1) 

	UE Antenna Configuration
	(M,N,P,Mg,Ng)=(1,2,2,1,1) dH=0.5λ

	BS antenna height
	Macro: 25m

Micro: 10m

	ISD
	Macro-to-macro: 200m

Macro-to-micro: 105m [TR36.897]

Micro-to-micro: 40m

	BS Tx power
	44dBm

	UE antenna height
	hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl~uniform(4,8)

	UE receiver noise figure
	9dB

	MIMO mode
	Single user MIMO

	Scheduling algorithm
	Proportional Fairness 

	Codebook
	NR Type I codebook

	Modulation
	Up to 256QAM

Outer Loop Link adaptation (target BLER = 10%)

	HARQ
	Chase combining (RV = {0, 0, 0, 0})

Maximum HARQ transmission = 4

	UE distribution
	80% indoor; 20% outdoor. 10 users per sector for Macro only and 20 users per sector for Micro only

	Feedback Interval
	5ms

	Traffic model
	FTP model 1 with packet size 0.5Mbytes. 

	Traffic load
	25%, 50%

	UE receiver
	MMSE-IRC with wishart model


