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1. Introduction

In the last meeting, an WF on NR PUSCH demodulation requirements was agreed in [1]. This contribution further discusses the remaining issues for PUSCH demodulation requirements.

2. Discussion
1) Time domain resource
The following agreements were reached regarding the time domain resource [1]:

· FR1

· Slot-based transmission with resource mapping type A 

· FFS: 

· Slot-based transmission with resource mapping type B

· non-slot based transmission with resource mapping type B 

· FR2

· Non-slot-based transmission with resource mapping type B and X UL symbols

· Number of UL symbols 

· Option 1: 7 
· Option 2: 4 and 2 
· Option 3: 11 
· Option 4: 8

· Other options not precluded 
· start symbol index
· Option 1: 3 
· Option 2: 2
· Option 3: 0
· Other options not precluded 
For FR1, we propose also to include non-slot-based transmission with resource mapping type B from the test coverage point of view. Meanwhile, to control the simulation and test efforts, a limited number of test cases can be introduced, e.g., test only 1Tx antenna and MCS 16.

For non-slot-based transmission with resource mapping type B, the possible configurations for the starting symbol S and the symbol length L are given in Table 6.1.2.1-1 of TS 38.214 and copied in the Table below. Our preference is to configure the symbol length as 7 and configure the start symbol index as 3 for non-slot-based transmission.
Table 1: Valid S and L combinations (Table 6.1.2.1-1 of TS 38.214)
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	

L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


Proposal 1: For FR1, include non-slot based transmission with resource mapping type B, with a limited number of test cases.
Proposal 2: For non-slot-based transmission with resource mapping type B, configure the symbol length as 7 and configure the start symbol index as 3.
2) EPRE ratio of PUSCH to DM-RS
In RAN4 #88 meeting, the following agreement was reached [1]:

· EPRE ratio of PUSCH to DM-RS: 0dB

Meanwhile, it was agreed in the July RAN4 AH meeting that [2]:

· No data and DM-RS multiplexing in the same OFDM symbol
In our understanding, to indicate UE not to multiplex data and DM-RS in the same OFDM symbol, the number of DM-RS CDM groups without data should be signaled as 2 and 3 respectively for DMRS type 1 and 2. And in such case, the UE may assume DMRS power boosting according to TS 38.214 clause 6.2.2 (copied as below):

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE (
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[dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data. …
Table 3: The ratio of PUSCH EPRE to DM-RS EPRE (Table 6.2.2-1 of TS 38.214)
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB


It is also noted that for DFT-s-OFDM waveform, to keep low PAPR/CM, data and DM-RS are not allowed to be multiplexed in the same OFDM symbol, and the number of DMRS CDM groups without data can only be signaled as 2 (only DMRS type 1 is applicable for DFT-s-OFDM waveform). 
So, in our view, it would be more appropriate to assume DMRS power boosting, and set the EPRE ratio of PUSCH to DM-RS as -3dB and -4.77dB respectively for DM-RS configuration type 1 and 2.

Proposal 3: Set the EPRE ratio of PUSCH to DM-RS as -3dB and -4.77dB respectively for DM-RS configuration type 1 and 2.
Considering the PUSCH receiver assumption, the following agreement on inter-cell interference handling was reached in RAN4 #86bis meeting [3], while the intra-cell inter-layer interference handling has not been discussed.
· Reference receiver

· only noise is modeled in the tests (no explicit interferer modeled) in Rel-15

For 2Tx PUSCH test, 2-layer transmission is assumed. To handle inter-layer interference, it is proposed to apply R-ML and/or CW-IC receiver in 2Tx PUSCH test.
Moreover, considering the MIMO correlation for 2Tx PUSCH test, medium MIMO correlation level is proposed to be used in order to: 1) better reflector the practical scenario; 2) better differentiate the performance of MMSE receiver and R-ML / CW-IC receiver.
Proposal 4: For 2Tx PUSCH, apply R-ML and/or CW-IC receiver for intra-cell inter-layer interference handling, and use medium MIMO correlation level in the test. 
3) UCI on PUSCH
It was discussed in several meetings whether to cover UCI on PUSCH requirements, and the following agreements were reached in the online discussion at RAN4 #88 [4]:

· Agreement: FFS the introduction of NR BS demodulation performance requirements for UCI multiplexed on PUSCH in Rel-15.
To our understanding, multiplexing HARQ-ACK on PUSCH is an important feature with quite common use cases. Moreover, it is worth noting the requirements for HARQ-ACK multiplexed on PUSCH has introduced for LTE from Rel-8. 
Meanwhile, we see the tight timeline to complete the NR Rel-15 performance work by this Dec. Thus we can first finalize the other test cases already identified in previous meetings, and complete the UCI on PUSCH test by the next June.

Proposal 5: Define UCI on PUSCH requirements in Rel-15, with a lower priority compared to other test cases identified in previous meetings. 
3. Conclusion
This contribution discussed the remaining issue for NR PUSCH demodulation requirements, and had the following observation and proposals:

Proposal 1: For FR1, include non-slot based transmission with resource mapping type B, with a limited number of test cases.
Proposal 2: For non-slot-based transmission with resource mapping type B, configure the symbol length as 7 and configure the start symbol index as 3.
Proposal 3: Set the EPRE ratio of PUSCH to DM-RS as -3dB and -4.77dB respectively for DM-RS configuration type 1 and 2.
Proposal 4: For 2Tx PUSCH, apply R-ML and/or CW-IC receiver for intra-cell inter-layer interference handling, and use medium MIMO correlation level in the test. 

Proposal 5: Define UCI on PUSCH requirements in Rel-15, with a lower priority compared to other test cases identified in previous meetings. 
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