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1	Introduction
During RAN4#87 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test. Some general issue about NR PUSCH are captured and agreed in the WF[1] as follows:
· Transmission scheme
· Option 1: performance requirements are defined only for 1Tx transmission schemes
· Option 2: performance requirements are defined only based on codebook-based transmission schemes
· Number of layers for 2Tx CP-OFDM based PUSCH tests 
· FFS both 1 layer and 2 layer are to be tested
· DMRS
· Single-symbol DMRS configuration are tested in Rel-15
· Option 1
· Only 1 front –loaded symbol;
· Option 2
· 1 front-loaded symbol + one additional DMRS symbol
· Option 3
· Only 1 front-loaded symbol, and
· 1 front-loaded symbol + one additional DMRS symbol
· Option 4
· Only 1 front-loaded symbol, and
· 1 front-loaded symbol + one additional DMRS symbol, and
· 1 front-loaded symbol+ two additional DMRS symbols
· FFS DMRS type (type1 and type2) are to be tested
· PTRS
· Not introduced PTRS for FR1 tests
· FFS for FR2
· SRS
· Not modeled in the tests
· Time domain resource allocation
· For FR1,slot based transmission is tested, FFS not –slot based transmission
· For FR2, FFS for slot-based or non-slot based transmission
· FFS resource mapping type (Type A or type B)
· MCS
· Selected from QPSK, 16QAM and 64 QAM
· FFS pi/2-BPSK
· Other
· Code block group based PUSCH is disable in the tests
· Frequency hoping is disable in the tests
· FFS: whether to introduce specific test case for frequency hopping
· Limited buffer rate matching is disable in the tests
· FFS: whether to introduce specific test case for limited buffer rate matching
· Number of HARQ transmission is 4
· Testing Metric
· SNR at 70% of maximum throughput of  the FRC
· Other metric is not precluded for some specific test cases
In order to facilitate simulation alignment of NR BS PUSCH performance between each company, some test cases are introduced for initial alignment. In this contribution, we provide our view on the remained issue of PUSCH performance requirement. Also, the initial simulation results are provided for alignment
2	Discussion
2.1	UE feature
NR defined the UE feature list. Some UE features are mandatory with / without capability signaling, while some UE features are optional. In this contribution, we just capture the lasted UE feature list related with PUSCH performance requirement, which is agreed in RAN#80 plenary meeting [2], as shown in Table 1
Table 1: UE feature list related with PUSCH
	WI
	Feature group
	Components
	Type
	TSG-RAN decision

	System Parameters
	256QAM for PUSCH
	256QAM for PUSCH
	Type1 for FR1
Type2 for FR2
	Optional for FR1
Optional for FR2

	
	64QAM for PUSCH
	64QAM for PUSCH
	N.A
	Mandatory without capability signaling

	
	Pi/2- BPSK for PUSCH
	Pi/2- BPSK for PUSCH
	Type 4
	Optional for FR1
Mandatory with capability for FR2

	
	Pi/2-BPSK for PUCCH format 3/4
	Pi/2-BPSK for PUCCH format 3/4
	Type 4
	Optional for FR1
Mandatory with capability for FR2

	
	CP-OFDM for UL
	CP-OFDM for UL
	N.A
	Mandatory without capability signaling

	
	DFT-s-OFDM for UL
	DFT-s-OFDM for UL
	N.A
	Mandatory without capability signaling

	PUSCH
	Basic PUSCH transmission
	Data RE mapping
Single layer (single Tx) transmission
	N.A
	Mandatory without capability signaling

	
	Basic uplink DMRS (uplink) for scheduling type A

	1. Support 1 symbol FL DMRS without additional symbol(s)
2. Support 1 symbol FL DMRS and 1 additional DMRS symbols 
3. Support 1 symbol FL DMRS and 2 additional DMRS symbols
	N.A
	Mandatory without capability signaling

	
	Basic uplink DMRS
for scheduling type B
	1. Support 1 symbol FL DMRS without additional symbol(s)
2. Support 1 symbol FL DMRS and 1 additional DMRS symbol
	
	Mandatory without capability signaling

	
	Support DMRS type (uplink)

	1. Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
	Type 4
	Mandatory with capability signaling

	
	Support DMRS type (uplink)
	Support DMRS {type 1, both type 1 and type 2 }
	Type 4
	Support both type 1 and type 2 are mandatory with capability signaling

	
	Supported 2 symbols front-loaded DMRS (uplink)
	1. Support 2 symbols FL-DMRS

	Type 4
	Mandatory with capability signaling

	
	Supported 2 symbols front-loaded +2 symbols additional DMRS (uplink)
	1. Support 2-symbol FL DMRS + one additional 2-symbols DMRS
	Type 4
	Mandatory with capability signaling

	
	Support 1+3 uplink DMRS symbols(uplink)
	1. Support 1 symbol FL DMRS and 3 additional DMRS symbols
	Type 4
	Optional with capability signaling



In existed LTE 36104, PUSCH performance requirements are defined serval categories. Compared with LTE, there are several categories. In our view, we should focus on the essential performance, where the performance requirement of mandatory UE feature without capability signaling should be defined firstly in Rel-15.
Proposal 1: The performance requirement of NR PUSCH should be prioritized to support UE feature of mandatory with capability signaling in Rel-15.

2.2	waveform
As for UL waveform, NR defines two kinds of waveforms, i.e. CP-OFDM and SC-FDM, where UL waveform can be semi-statically configured by the network. From the RAN1 discussion, CP-OFDM is main stream wave for NR PUSCH in FR1. In the table2, we just summary the pros and cons of NR UL waveforms with serval aspects:
Table 2: Comparison between CP-OFDM and DFT-S-OFDM
	
	CP-OFDM
	DFT-S-OFDM

	PA Efficiency
	High PAPR/CM
	Low PAPR/CM

	MIMO support
	Easy (per-tone processing, ML)
	Hard (post-IDFT processing ,MMSE-IRC)

	Diversity Support
	Better performance at low code-rate (coding gain at frequency selective channel) 
	Better performance at high code-rate (spreading gain at frequency selective channel)

	RS/Data Multiplexing
	FDM/TDM
	TDM(for maintaining low PAPR)



From this table, there is no obvious benefit of DFT-S-OFDM over CP-OFDM in FR1.From the view of implementation, additional implementation complexity will be expected due to IDFT operation. 
Regarding to UL coverage, with FR1, NR PRACH is nearly same with LTE PRACH, especially for format0 and format1 (LTE format 3). And NR PUCCH with long format and single RB is also similar with LTE PUCCH. So, our view the coverage issue of CP-OFDM is not serious for the control channel. For the coverage of date channel, our understanding the coverage issue of traffic channel is second priority compared with other control channel.  For the PUSCH, it is almost same except for DMRS pattern. So, our view is the performance of DFT-s-OFDM is not much different compared with LTE in SIMO transmission. 
Based on above analysis, our view is that CP-OFDM has more advantage than DFT. In terms of UE feature list, both CP-OFDM and DFT-s-OFDM for UL are mandatory UE feature without capability signaling. Compared with LTE UL, CP-OFDM is new feature for PUSCH, it is reasonable to define the performance requirements with CP-OFDM. Considered that the performance of DFT-s-OFDM may be not too much different with LTE, also if both CP-OFDM and DFT-s-OFDM performance requirement are defined in Rel-15, which will result in the test case double. Our preference is that introduce the performance requirement later. We propose the PUSCH performance requirement defined for CP-OFDM firstly in order to avoid too many test cases with meeting the deadline of NR BS performance requirement in Re-15. If there is coverage issue with low SNR region for CP-OFDM, limited test cases for the performance requirement of DFT-s-OFDM can be defined.  As for the test cases defined for DFT-s-OFDM, it should be further studied.

 Proposal 2: For UL PUSCH waveform, CP-OFDM should be introduced to performance test firstly in Rel-15. Deprioritize the performance requirement of DFT-s-OFDM in Rel-15.

2.3	RS
As agreed that in WF [2], single –symbol DMRS configuration is tested in Rel-15. There are four options for the number of DMRS symbols. As indicated in the UE feature list, for resource allocation type A, 1 symbol front-loaded DMRS without additional symbol, 1 symbol front-loaded DMRS and 1 additional DMRS symbols, 1 symbol front-loaded DMRS and 2 additional DMRS symbols are UE mandatory feature without capability signaling; for resource allocation type B, 1 symbol front-loaded DMRS without additional symbol, 1 symbol front-loaded DMRS with 1 additional DMRS symbol are UE mandatory feature without capability signaling. Since we focus on the most essential normal mode in Rel -15, our view is that front-loaded DMRS is enough for performance test, due to no requirement for high speed scenario with good channel estimation performance requirement. Considering the overheard of DMRS, we prefer that only 1 front –loaded with at most 1 additional DMRS symbol is defined the performance requirement for FR1, and only 1 front-loaded DMRS symbol for FR2.
For DMRS, NR supports 2 types, i.e, type 1nad type2. In our view, type 1 can be considered as the default configuration, type 2 is for MU-MIMO case, since we are only focus on the single UE case, and thus, there is no need to introduce the performance test with type-2.
For PTRS, it is only available for FR2. As indicated in UE feature list, it is mandatory UE feature with UE capability signaling in FR2. So, our preference is that we should deprioritize the performance requirement of PTRS in Rel-15.
Proposal 3: For UL PUSCH RS, only Type1 DRMS is introduced to performance test in Rel-15. Number of DMRS with included 1 front loaded should be limited with 2 for FR1, and only 1 front-loaded for FR2. Deprioritize the performance requirement of PTRS for FR2 in Rel-15.

2.4	Time domain resource allocation
NR defines two kinds of time domain resource allocation, type A and type B. The start symbol and symbol length can be configured in time domain as follows:
Table 3: time domain resource allocation 
	
	Start symbol
	length

	Type A
	0
	{4,…,14}

	Type B
	{0,13}
	{1,….14}



Since the number of DMRS and location is different for each resource allocation, we should cover the performance requirement for both type A and type B. From the implementation point view, the processing delay for  data is less in type B, due to that DMRS is located within the first symbol with related the scheduled data.  So, our preference is that 
For scheduling, both slot-based scheduling and not slot-based scheduling are supported. In current stage, we recommend that the performance requirement of slot-based scheduling should be defined firstly.

2.4	MCS
As indicated in the UE feature list, QPSK, 16QAM, and 64QAM are mandatory without capacity singling. Definitely, they should be defined performance report as test cases. For pi/2-BPSK, it is only available for DFT-s-OFDM waveform, and it is optional feature for FR1, and mandatory without capability signaling in FR2. Since our preferred since we are priority CP-OFDM, we should focus on mandatory firstly. So, our preference is that there is no performance requirement for pi/2-BPSK in Rel-15

Proposal 4: Not define the performance requirement for pi/2-BPSK in Rel-15
3	Simulation Results
In this section, based on our preferred, the initial simulation results of PUSCH are provided as table 5. As agreed in WF [2] last meeting, some tests are introduced to alignment purpose. Here, we just list the main simulation assumption as follows:
· SCS and BW
· 15KHz, 10MHz
· 30KHz, 20/40/100MHz
· 60KHz(FR2): 100MHz
· 120KHz: 100MHz
· DMRS type
· Type 1, Type 2 FFS in both FR1 and FR2
· Number of DMRS symbols
· Case 1: 1+1 (symbol #2 and symbol #11) in both FR1 and FR2
· Case 2: 1 front-loaded in both FR1 and FR2
· Time domain resource allocation type
· Type A and/or Type B in both FR1 and FR2
· PUSCH symbol length 
· FR1
· 14 OFDM symbol
· FR2
· Resource allocation type A: [14] OFDM symbols
· Resource allocation type B: [11] OFDM symbols
· MCS index
· QPSK: [2 or 4] in both FR1 and FR2
· 16QAM: [13 or 16] in both FR1 and FR2
· 64QAM: [25] in both FR1 and FR2
Generally, considering the combination of SCS and BW, different RS configuration, time domain resource allocation scheme, the number of test cases to be cover in this meeting is still very huge. In this paper, we just down select some cases for alignment only in this meeting as shown in the Table 4.  We will provide other cases later. The FRC tables for test cases are shown in Table 6, Table 7, and Table 8, respectively 

Table 4: Simulation Assumption for PUSCH with preferred test cases
	Parameter
	Value

	
	FR1
	FR2

	Number of Tx antennas
	1
	1

	Number of Rx antennas
	2
	2

	AWGN
	AWGN
	AWGN

	Cyclic prefix
	Normal
	Normal

	Reference receiver
	MMSE
	MMSE

	Channel bandwidth
	10M
	100M

	SCS
	15KHZ
	120KHz

	Number of layers
	1
	1

	DMRS type
	Type1
	Type2

	DMRS mapping
	DMRS symbol index 0 for 1 front –loaded  configuration for type B
DMRS symbol index 0 and 10 for 1+1 DMRS configuration for type B
	DMRS symbol index 2 for 1 front –loaded  configuration for type B


	Number of DMRS symbol
	Case 1: 1+1
Case 2: 1 front-loaded
	Case 2: 1 front-loaded DMRS

	Time domain Resource allocation  type
	Type B
	Type A

	PUSCH symbol length
	14
	14

	Test metric
	SNR @ 70 of maximum through put
	SNR @ 70 of maximum through put



Table5: The target SNR performance for NR PUSCH (To be updated)
	Case
	SCS
	Number of DMRS symbol
	BW
	Target SNR for MCS2 (dB)
	Target SNR for MCS4
(dB)
	Target SNR for MCS13
(dB)
	Target SNR for MCS16
(dB)
	Target SNR for MCS25
(dB)

	0
	15
	1
	10
	
	
	
	
	

	1
	15
	2
	10
	
	
	
	
	

	2
	120
	1
	100
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3	Conclusion
In this contrition, based on the agreement of WF on the NR BS PUSCH demodulation, we provide our view about the remained issue of NR PUSCH demodulation requirement. 
Proposal 1: The performance requirement of NR PUSCH should be prioritized to support UE feature of mandatory with capability signaling in Rel-15.
Proposal 2: For UL PUSCH waveform, CP-OFDM should be introduced to performance test firstly in Rel-15. Deprioritize the performance requirement of DFT-s-OFDM in Rel-15.
Proposal 3: For UL PUSCH RS, only Type1 DRMS is introduced to performance test in Rel-15. Number of DMRS with included 1 front loaded should be limited with 2 for FR1, and only 1 front-loaded for FR2. Deprioritize the performance requirement of PTRS for FR2 in Rel-15.
Proposal 4: Not define the performance requirement for pi/2-BPSK in Rel-15
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Appendix
Table 6: FRC for FR1 with SCS 15 kHz and 1 symbol front-load DM-RS 10M
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	10MHz
	10MHz

	SCS(kHz)
	15
	15
	15
	15
	15

	RB
	52
	52
	52
	52
	52

	Modulation order
	2
	2
	4
	4
	6

	MCS index
	2
	4
	13
	16
	25

	Code Rate
	1/5
	1/3
	1/2
	2/3
	4/5

	Num of DMRS
	1
	1
	1
	1
	1

	Channel bits
	16224
	16224
	32448
	32448
	48672

	Final TBS (A)
	3104
	4864
	15624
	17424
	38936

	CRC for TB
(A>3824, 24; otherwise 16)
	16
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	2
	2
	5

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1



Table 7: FRC for FR1 with SCS 15kHz and （1+1） DM-RS  10M
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	10MHz
	10MHz

	SCS(kHz)
	15
	15
	15
	15
	15

	RB
	52
	52
	52
	52
	52

	Modulation order
	2
	2
	4
	4
	6

	MCS index
	2
	4
	13
	16
	25

	Code Rate
	1/5
	1/3
	1/2
	2/3
	4/5

	Num of DMRS
	1
	1
	1
	1
	1

	Channel bits
	14976
	14976
	29952
	29952
	44928

	Final TBS (A)
	2856
	4480
	14344
	19464
	35856

	CRC for TB
(A>3824, 24; otherwise 16)
	16
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	2
	3
	5

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1



Table 8: FRC for FR2 with SCS 120kHz and 1 symbol front-load DM-RS  100M
	CBW(MHz)
	200MHz
	200MHz
	200MHz
	200MHz
	200MHz

	SCS(kHz)
	120
	120
	120
	120
	120

	RB
	66
	66
	66
	66
	66

	Modulation order
	2
	2
	4
	4
	6

	MCS index
	2
	4
	13
	16
	25

	Code Rate
	1/5
	1/3
	1/2
	2/3
	4/5

	Num of DMRS
	1
	1
	1
	1
	1

	Channel bits
	20592
	20592
	41184
	41184
	61776

	Final TBS (A)
	3848
	6144
	19464
	26632
	49176

	CRC for TB
(A>3824, 24; otherwise 16)
	24
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	3
	4
	6

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1




