3GPP TSG-RAN WG4 Meeting #87
R4-1806372
Busan, KR, 21th – 25th May, 2018
Source:
China Telecom
Title:
Views on NR PUSCH demodulation requirements
Agenda Item:
7.12.2.2
Document for:
Discussion
1. Introduction

NR BS demodulation requirements was discussed in the last meeting, and an way forward was agreed in [1]. This contribution presents our views on NR PUSCH demodulation requirements.

2. Discussion
1) Performance metric
In the last meeting, it was agreed to use 70% maximum throughput as PUSCH test metric [1]. 
As discussed in our companion contribution in [2], tighter BLER target, i.e., 10-5 BLER, is introduced to support URLLC service in RAN1 [3]. Thus we propose that:
Proposal 1: In addition to the basic PUSCH requirements with 70% maximum throughput as performance metric, define new PUSCH demodulation requirements with 10-5 BLER as performance metric.
2) Transform precoding
For NR PUSCH, both CP-OFDM waveform and DFT-S-OFDM waveform are supported, i.e., the transform precoding can be disabled or enabled. The supported MIMO scheme, DMRS configuration as well as resource allocation are different for PUSCH with and without transform precoding. The support of DFT-S-OFDM waveform is very important from NR coverage perspective. As per the RAN1 conclusion in [4], for NR UL, both CP-OFDM waveform and DFT-S-OFDM waveform are mandatory without capability signaling.
So it is straightforward to cover PUSCH with and without transform precoding.
Proposal 2: Cover PUSCH with and without transform precoding.
3) MIMO
For UE transmitter, up to 4 antenna ports can be configured, as defined in TS 38.211. For Rel-15 NR PUSCH performance requirements, two alternatives can be considered: a) cover 1 and 2 UE Tx antennas, b) cover 1, 2 and 4 UE Tx antennas. 
For FR1 BS receiver with conducted test, similarly to LTE PUSCH tests, it is suggested to cover 2, 4 and 8 Rx antennas for NR PUSCH demodulation requirements.
Proposal 3: Cover 1/2 Tx antennas or 1/2/4 Tx antennas, and cover 2/4/8 Rx antennas.

4) Transmission scheme
Two transmission schemes are supported for NR PUSCH: non-codebook based transmission and codebook based transmission: 1) For non-codebook-based transmission, the precoding matrix 
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 equals the identity matrix; 2) For codebook-based transmission, the precoding matrix 
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 is given by 
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 for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 in TS 38.211 with the TPMI index obtained from the DCI scheduling the uplink transmission.

It is proposed to cover both codebook based transmission and non-codebook based transmission. 
· For codebook based transmission with transform precoding, the transmission layer equals to 1.

· For codebook based transmission without transform precoding, decide the transmission layer and precoding matrix for each Tx/Rx antenna configuration. Two alternatives can be considered for further study:

· Alt 1: 1 layer for 1Tx UE; 1 and 2 layers for 2Tx UE; 1, 2, 3 and 4 layers for 4Tx UE.

· Alt 2: 1 layer for 1Tx UE; 2 layers for 2Tx UE; 4 layers for 4Tx UE.

For information, in LTE Rel-10 UL-MIMO, the requirements for 2Tx two layer spatial multiplexing are introduced, i.e., the number of transmission layers is fixed as 2 for 2Tx PUSCH test. This is because RAN4 concluded that the performance of LTE PUSCH 2Tx rank 1 with random precoding in comparison with single transmission port mode does not provide justification for 2Tx rank1 performance tests. Based on the conclusion it was decided that no BS performance requirements for 2Tx rank 1 transmission is needed [5].
For NR PUSCH, similar performance evaluation is needed in order to decide the transmission layer and precoding matrix for PUSCH test.
Proposal 4: Cover both codebook based transmission and non-codebook based transmission.
· For codebook based transmission with transform precoding, the transmission layer equals to 1.

· For codebook based transmission without transform precoding, two alternatives for transmission layer setting can be considered for further study:

· Alt 1: 1 layer for 1Tx UE; 1 and 2 layers for 2Tx UE; 1, 2, 3 and 4 layers for 4Tx UE.

· Alt 2: 1 layer for 1Tx UE; 2 layers for 2Tx UE; 4 layers for 4Tx UE.

5) MCS setting
The supported modulation schemes for NR PUSCH are specified in Table 6.3.1.2-1 in TS 38.211 and copied as below. Meanwhile, various target code rates are supported for each modulation scheme. Three MCS tables are specified respectively for PUSCH without 256QAM and without transform precoding, PUSCH with without 256QAM and transform precoding, and PUSCH with 256QAM, as seen in section 6.1.4.1 of TS 38.214. The three MCS tables are copied in the Annex of this contribution.
Table 1: Supported modulation schemes (Table 6.3.1.2-1 in TS 38.211)
	Transform precoding disabled
	Transform precoding enabled

	Modulation scheme
	Modulation order 
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	Modulation scheme
	Modulation order 
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	π/2-BPSK
	1

	QPSK
	2
	QPSK
	2

	16QAM
	4
	16QAM
	4

	64QAM
	6
	64QAM
	6

	256QAM
	8
	256QAM
	8


In LTE PUSCH test, QPSK 1/3, QPSK 0.36, QPSK 3/5, 16QAM 1/2, 16QAM 3/4, 64QAM 1/2, 64QAM 5/6 and 256QAM 5/6 are used. Among them, QPSK 1/3, 16QAM 3/4, 64QAM 5/6 and 256QAM 5/6 are used for basic PUSCH requirements, QPSK 0.36, 16QAM 1/2 and 16QAM 3/4 are used for enhanced PUSCH requirements type A, QPSK 3/5, 16QAM 1/2 and 64QAM 1/2 are used for enhanced PUSCH requirements type B.
Table 2: MCS used for LTE PUSCH test
	Requirements
	MCS

	Basic PUSCH requirements
	QPSK 1/3, 16QAM 3/4, 64QAM 5/6 and 256QAM 5/6

	Enhanced PUSCH requirements type A
	QPSK 0.36, 16QAM 1/2 and 16QAM 3/4

	Enhanced PUSCH requirements type B
	QPSK 3/5, 16QAM 1/2 and 64QAM 1/2


One possible way is to reuse the MCS in basic LTE PUSCH requirements for NR PUSCH. But there is an issue: the highest code rate for NR PUSCH 16QAM is 0.64, which is lower than 3/4. Thus the MCS around 16QAM 1/2 can be used instead. Then we look at the MCS tables in the Annex, and the following can be set as a starting point for NR PUSCH MCS: QPSK 308 (R = 0.30), 16QAM 490 (R = 0.48), 64QAM 873 (R = 0.85) and 256QAM 841 (R = 0.82).
For π/2-BPSK, two code rates are introduced for NR PUSCH, including 240/1024 and 314/1024. It is proposed to select code rate of 240/1024 since π/2-BPSK is used for coverage enhancement in low SINR region.

For selecting the MCS, another important factor to be taken into account is whether both LDPC base graph 1 and 2 are covered.

As known, LDPC base graph 1 and 2 are introduced for NR PUSCH channel coding, and LDPC base graph selection is specified in section 6.2.2 of TS 38.212 and copied as below.

For initial transmission of a transport block with coding rate 
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 indicated by the MCS index according to Subclause 6.1.4.1 in [6, TS38.214] and subsequent re-transmission of the same transport block, each code block of the transport block is encoded with either LDPC base graph 1 or 2 according to the following:

-
if 
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, LDPC base graph 2 is used;

-
otherwise, LDPC base graph 1 is used,

where 
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 is the payload size as described in Subclause 6.2.1.

The PUSCH payload size varies with the allocated PRB number and MCS. To ensure LDPC base graph 2 can be covered, the simplest way is to include one code rate smaller than 0.25. So we can replace QPSK 308 (R = 0.30) with QPSK 193 (R = 0.19). As a result, the proposal on MCS setting is given as below:
Proposal 5: For PUSCH MCS setting,
· Use MCS QPSK 193 (R = 0.19), 16QAM 490 (R = 0.48), 64QAM 873 (R = 0.85) and 256QAM 841 (R = 0.82) for PUSCH without transform precoding;
· Use MCSπ/2-BPSK 240 (R = 0.23), QPSK 193 (R = 0.19), 16QAM 490 (R = 0.48), 64QAM 873 (R = 0.85) and 256QAM 841 (R = 0.82) for PUSCH with transform precoding.
6) PRB allocation
In LTE, the two extreme cases, i.e., single RB and full RB allocation, are tested for PUSCH. To reduce the simulation efforts, it is suggested to use full RB allocation as baseline for NR PUSCH. Partial PRB allocation can be added later if the necessity is identified.
Proposal 6: Full RB allocation is used as baseline, and partial PRB allocation can be added later if the necessity is identified.
7) Time duration

As discussed in our companion contribution in [2], PUSCH transmission with allocation duration of 2, 4 and 7 symbols with mapping type B (i.e., non-slot based transmission) is supported especially for URLLC. The DMRS position for PUSCH mapping type B is different from that of PUSCH mapping type A (i.e., slot based transmission). Hence new demodulation requirements of PUSCH with allocation duration of 2, 4 and/or 7 symbols need to be covered.
Proposal 7: In addition to slot based transmission, also cover non-slot based transmission.
8) Uplink control information on PUSCH
UCI information, i.e., HARQ-ACK and CSI, can be transmitted on PUSCH. PUSCH is rate-matched or punctured depending on the UCI content and payload size. In our view, the HARQ-ACK and CSI reporting performance needs to be checked in this case. It is also worth noting that for LTE, the requirements for HARQ-ACK multiplexed on PUSCH is defined.

But it was agreed in the last meeting that no UCI multiplexing on PUSCH to be considered. For the time being, we can accept this agreement in order to progress the performance work. We may come back to discuss this matter in the later stage.
Proposal 8: If time permits, cover the requirements for UCI multiplexed on PUSCH.
9) Normal or extended CP

Extended CP is supported for NR data with 60 kHz sub-carrier spacing. Whether to cover the requirements for extended CP for 60 kHz sub-carrier spacing needs further discussion.
Proposal 9: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
10) DMRS
Different DMRS can be configured for PUSCH under different propagation conditions. So we can discuss the following aspects later when the propagation conditions are decided: 1) either to use DMRS configuration type 1 or type 2 for PUSCH without transform precoding, 2) whether to use additional DMRS and how many symbols for additional DMRS to be used. 

Proposal 10: Discuss the DMRS configuration later when the propagation conditions are decided.
3. Conclusions
This contribution presented our views on NR PUSCH demodulation requirements, and had the following proposals:
Proposal 1: In addition to the basic PUSCH requirements with 70% maximum throughput as performance metric, define new PUSCH demodulation requirements with 10-5 BLER as performance metric.
Proposal 2: Cover PUSCH with and without transform precoding.
Proposal 3: Cover 1/2 Tx antennas or 1/2/4 Tx antennas, and cover 2/4/8 Rx antennas.

Proposal 4: Cover both codebook based transmission and non-codebook based transmission.

· For codebook based transmission with transform precoding, the transmission layer equals to 1.

· For codebook based transmission without transform precoding, two alternatives for transmission layer setting can be considered for further study:

· Alt 1: 1 layer for 1Tx UE; 1 and 2 layers for 2Tx UE; 1, 2, 3 and 4 layers for 4Tx UE.

· Alt 2: 1 layer for 1Tx UE; 2 layers for 2Tx UE; 4 layers for 4Tx UE.

Proposal 5: For PUSCH MCS setting,
· Use MCS QPSK 193 (R = 0.19), 16QAM 490 (R = 0.48), 64QAM 873 (R = 0.85) and 256QAM 841 (R = 0.82) for PUSCH without transform precoding;

· Use MCSπ/2-BPSK 240 (R = 0.23), QPSK 193 (R = 0.19), 16QAM 490 (R = 0.48), 64QAM 873 (R = 0.85) and 256QAM 841 (R = 0.82) for PUSCH with transform precoding.

Proposal 6: Full RB allocation is used as baseline, and partial PRB allocation can be added later if the necessity is identified.
Proposal 7: In addition to slot based transmission, also cover non-slot based transmission.
Proposal 8: If time permits, cover the requirements for UCI multiplexed on PUSCH.
Proposal 9: Discuss whether to cover extended CP for 60 kHz sub-carrier spacing.
Proposal 10: Discuss the DMRS configuration later when the propagation conditions are decided.
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Annex: PUSCH MCS table
Table A1: MCS table for PUSCH without transform precoding and without 256QAM (Table 5.1.3.1-1 in TS 38.214)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral

efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


Table A2: MCS table for PUSCH without transform precoding and with 256QAM (Table 5.1.3.1-2 in TS 38.214)
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral

efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	6
	466
	2.7305

	12
	6
	517
	3.0293

	13
	6
	567
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved


Table A3: MCS table for PUSCH with transform precoding and without 256QAM (Table 6.1.4.1-1 in TS 38.214)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x 1024

	Spectral

efficiency

	0
	q
	240/ q
	0.2344

	1
	q
	314/ q
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	466
	2.7305

	18
	6 
	517
	3.0293

	19
	6
	567
	3.3223

	20
	6
	616
	3.6094

	21
	6
	666
	3.9023

	22
	6
	719
	4.2129

	23
	6
	772
	4.5234

	24
	6
	822
	4.8164

	25
	6
	873
	5.1152

	26
	6
	910
	5.3320

	27
	6
	948
	5.5547

	28
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved
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