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1	Introduction
During RAN4 AH07 meeting, the NR BS demodulation performance requirements are further discussed on the general issue and performance requirements test cases. Some general issues about NR PUSCH performance requirements are captured and agreed in the WF [1] as follow:
· Transmission scheme.
· Define the requirements of PUSCH with 1Tx and 2Tx
· Define the requirements for 2 layer transmission for 2Tx
· FFS: pre-coding used in the test cases
· DMRS configuration
· DMRS symbol length: UL-DMRS-max-len = 1
· No data and DM-RS multiplexing in the same OFDM symbol
· DMRS type
· Requirements are defined for DMRS type 1
· FFS if requirements are defined for DMRS type 2
· DMRS number
· FR1: 1 (one front-loaded) and 1+1 (one front-loaded and one additional)
· FR2: 1 (one front-loaded) 
· PTRS configuration
· PTRS are configured in FR2 test cases, the configuration is:
· KPTRS : [2 (PTRS every 2 RBs)]
· LPTRS : [1 (all symbols with PTRS)]
· Time domain resource 
· FR1
· Slot-based transmission with resource mapping type A 
· FFS: 
· resource mapping type B
· non-slot based transmission
· FR2
· Non-slot-based transmission with resource mapping type B and X UL symbols
· X is FFS. 
· FFS: 
· slot-based transmission
· Resource mapping type A
· Frequency domain resource
· Only full RB allocation of the applicable test BW is used
· MCS to be used for test
· CP-OFDM
· QPSK: MCS2 (LDPC base graph #2)
· 16QAM: MCS16 (LDPC base graph #1)
· 64QAM: MCS20 (LDPC base graph #1) for 1Tx
· DFT-s-OFDM
· Only use QPSK for DFT-s-OFDM
· FFS: Define the performance requirement for pi/2-BPSK in Q4 2018 in Rel-15
· Code block group based PUSCH: Disabled
· Frequency hopping: Disabled
· Limited buffer rate matching: FFS enabled or disabled
· Testing metric
· Only use SNR @ 70% maximum throughput of the FRC
In this contribution, we provide our view on the remaining issue of PUSCH performance requirement. 
2	Discussion
2.1	DMRS Configuration
As for DMRS type, NR can support 2 types, i.e type 1 and type 2. The details structure of DMRS configuration for both type 1 and type 2 are illustrated in figure 1 and figure 2
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Figure 1, DMRS configure 1 for one symbol and two symbols
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Figure 2, DMRS configure 2 for one symbol and two symbols
For single symbol length DMRS, the number of port can be supported up to 4 in configure 1, and up to 6 in configure 2.  For two lengths symbol DMRS, the number of port can be supported up to 8 in configure 1, and up to 12 in configure 2. The max number of ports per UE in SU-MIMO scenario is 8 for downlink, and 4 for uplink, respectively. The max number of ports per UE in MU-MIMO scenario, the maximum number of ports per UE in MU-MIMO scenario is 4 for downlink, and 4 for uplink. From above analysis, the motivation of type 2 is mainly to support MU-MIMO scenario. 
Based on current agreement, the symbol length is one, and RAN4 will only define the performance requirement of single UE case. Thus, we recommend to only defining the requirement for DMRS configure 1 in Rel-15. 
Since we only define performance requirements of PUSCH with 1Tx and 2Tx in Rel-15, thus, the maximum number of port per UE can only up to 2 ports. Fundamentally, BS configure DMRS with type 2, however, performance with configure 1 can achieve better channel estimation performance compared with configure 2, due to the high density of DMRS in the Frequency domain. Considering, there is no data and DMRS multiplexing in the same OFDM, which means the available RE for data transmission is same for configuration 1 and configuration 2. 
Based on above analysis, we propose only define the performance requirement with DMRS configuration 1 in Rel-15
Proposal 1: Only DMRS configuration 1 is introduced for performance requirement of NR PUSCH 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. As agreement in RAN1, NR support DFT-s-OFDM based wavefrom complementary to CP-OFDM wavefrom, at least for eMBB uplink for up to 40GHz; CP-OFDM wavefrom can be used for a single –stream and multi-stream transmission, while DFT-s-OFDM based waveform is limited to a single stream transmission. 
In general, CP-OFDM has many advantages in some aspects such as more flexible resource allocation and receiver complexity compared to DFT-s-OFDM. Especially, demodulation performance of high MCS is better than DFT-s-OFDM in frequency selective channel. Therefore, in order to achieve high spectral efficiency, CP-OFDM based waveform may be more desirable. 
On the other hand, low PAPR property of waveform is one of important factors since lower PAPR leads to high PA efficiency. DFT-s-OFDM has lower PAPR compared to CP-OFDM and so DFT-s-OFDM outperforms CP-OFDM in power limited situations. In other words, when UE uses low MCS in power limited situations, DFT-s-OFDM can provide link performance gain. Therefore, DFT-s-OFDM may be more reasonable for link budget limited scenarios.
In the last RAN4 meeting, both the performance requirement of CP-OFDM and DFT-s-OFDM should be introduced in Rel-15. Some test cases for CP-OFDM have already been defined. It is a common understanding that the test cases of DFT-s-OFDM wave should not be duplicated as defined in CP-OFDM wavefrom.  
As mentioned before, DFT-s-OFDM can achieve better performance for link budget limited scenarios. Thus, the test cases should be limited in Rel-15. RAN1 has done many evaluation with comparing DFT-s-OFDM and CP-OFDM in terms of PAPR and BLER. Normally, DFT-s-OFDM can provide about 2.5dB gain over CP-OFDM. However, considering the given deployment, different receiver structure, different RS pattern as well as practical channel estimation, the gain for coverage benefit is limited. In this paper, we just summary the mainly test cases for DFT-s-OFDM
· Number of layer
Only single stream transmission is considered. So, 1 Tx at the UE side is preferred
· Antenna configuration,  
As the number of receiver antennas increases, the gain of DFT-s –OFDM is not obvious. 1Tx2Rx antenna structure is preferred 
· MCS:  
Low MCS can be available in power limited situation. So, only QPSK with lower coding rate is preferred such as 1/3 or 1/2 coding rate.
· DMRS pattern: 
In the power limited scenario, increasing the number of DMRS can be achieve better estimation accuracy. Considering the overhead and low Doppler shift scenario, 1 front-loaded with 1 additional DMRS is preferred for FR1
· SCS and BW
For link budget limited scenario, only small bandwidth is preferred, considering 15 KHz is mainly for LTE reframing, while 120 KHz is most typical SCS deployed in FR2, thus, 5MHz or 10MHz can be available for SCS=15KHz, 50M can be available for SCS=120KHz.
· Resource allocation 
In order to keep the same coverage with LTE, we prefer that resource allocation method should have the similar structure with LTE, such PUSCH mapping type A, slot-based schedule.
 Proposal 2: The test cases of DFT-s-OFDM should be limited, only available for link budget limited scenario
· MCS: QPSK only,  1/3 or 1/2 coding rate
· Antenna configuration : 1Tx 2Rx
· DMRS pattern : 1 front-loaded DMRS+ 1 additional DMRS RS 
· SCS and BW:  15kHz, 5 MHz or 10MHz;  120KHz, 50MHz
· Resource allocation : type A, slot based scheduled 

2.3	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:
Table 3: time domain resource allocation 
	
	Start symbol
	length

	Type A
	0
	{4,…,14}

	Type B
	{0,13}
	{1,….14}



Table 4: DMRS position with PUSCH type A and type B for different symbol length
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As indicated in the table 4, the number of DMRS and location are different with the length of scheduled data and PUSCH mapping type. For FR1, the duplex method of FDD, TDD and SUL are available. In terms of implementation point view, a front-loaded DMRS can help decoding latency by obtaining a fast channel estimate and performing sequential decoding of frequency-first mapped code blocks.  For the PUSCH mapping type A, the location of front-loaded DMRS L0 can be #2 or # 3.  For the PUSCH mapping type B, the first DMRS L0 is located within the first symbol with the related scheduled data, where the processing delay is less. In terms of channel estimation accuracy, DMRS location in Type A can achieve better estimation performance, considering the interpolation method in time domain can guarantee the better performance for edge symbols in scheduled PUSCH data.  Thus, our recommend is that the performance requirement of both PUSCH mapping type A and type B should be introduced in Rel-15 for FR1.
For FR2, only available duplex method is TDD. Thus, non-slot based scheduling is preferred. As captured in the agreement, the number of DMRS is only one. In terms of processing time, we preferred PUSCH type B. As for the number of data symbol, it depends on the detail configuration of TDD UL/DL configuration, the number of symbols for DL, and the number of SRS symbols. Normally, 12 and 10 UL data symbols are the typical scenarios for UL slot. For example, one symbol reserves for DCI , one symbol reserves for DL and UL switching, 12 symbols for UL data symbols, or two symbol reserves for DCI, one symbol reserves for DL and UL switching, 10 symbols for UL data, one symbol reserves for SRS. The default PUSCH time domain resource allocation A for normal CP, can be indicated as Table 5,  
Table 5, Default PUSCH time domain resource allocation A for normal CP
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



From this table, 12 or 10 UL data symbols are the majority cases. Thus, we recommend that 12 or 10 UL data symbol can be regarded as good candidate for non-slot based schedule.
Proposal 3: For FR1, both the performance requirement of type A and type B should be introduced in Rel-15. For FR2, non-slot transmission with PUSCH resource mapping type B

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, based on latest agreement of RAN4 and RAN plenary. Using of pi/2 BPSK, instead of QPSK, for a PUSCH transmission is indicated by high layer signaling. As indicated in spec, the block of scramble bits for PUSCH shall be modulated using QPSK unless pi/2 BPSK is configured. 
It is common assumption that for a given deployment (carrier frequency, bandwidth, antenna arrangement), NR should support at least as good coverage as LTE for all data rates.  Thus, at least when operating with DFT-s-OFDM, NR should support output power as LTE for all modulation orders. In our view, the main benefit of Pi/2 BPSK is to lower PAPR of the transmitted signal, enabling higher PA output power, alternatively increased PA efficiency and reduces PA cost for the same output power. 
There was a discussion whether spectrum sharping should be applied for pi/2 BPSK, aiming to further lower PAPR of the transmitted signal in RAN1. In current NR RS signal, it generates based on ZC sequence, which has low PAPR and provides nearly the same output power as that of pi/2 BPSK with spectrum shaping. In case of ZC based RS, the RS does not go through spectrum filter. The BS receiver should have the knowledge of spectrum sharping filter used by the pi/2 BPSK PUCCH data or PUSCH data. However, there is no specification about the spectrum shaping in RAN1. In our view, it depends on the BS implementation. Normally, the performance of without/with spectrum sharping pi/2 BPSK is different, considering the details of PA model, and the model of channel estimation shape. 
In our view, we should focus on the most essential feature in Rel-15. Thus, we recommend that there is no performance requirement for pi/2 BPSK in Rel-15.

Proposal 4: There is no performance requirement for Pi/2 BPSK in Rel-15.

2.5	FRC table 
Based on current agreement, we propose the FRC table as follows table 6 to table 8 for different BW, number of DMRS, respectively
Proposal 5: FRC for FR1 and FR2 
Table 6, FRC table for FR1 with 1 DMRS
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	40MHz
	40MHz
	40MHz

	SCS(kHz)
	15
	15
	15
	30
	30
	30

	RB
	52
	52
	52
	106
	106
	106

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1
	1
	1
	1
	1
	1

	Channel bits
	16224
	32448
	48672
	33072
	66144
	99216

	Final TBS (A)
	3104
	21000
	27144
	6280
	42016
	55304

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

	C (Num of CB)
	1
	3
	4
	1
	5
	7

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1



Table 7, FRC table for FR1 with 1 front-loaded DMRS and 1 additional DMRS
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	40MHz
	40MHz
	40MHz

	SCS(kHz)
	15
	15
	15
	30
	30
	30

	RB
	52
	52
	52
	106
	106
	106

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1+1
	1+1
	1+1
	1+1
	1+1
	1+1

	Channel bits
	14976
	19952
	44928
	30528
	61056
	91584

	Final TBS (A)
	2856
	19464
	25104
	5768
	38936
	50184

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

	C (Num of CB)
	1
	3
	3
	1
	5
	6

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1



Table 8, FRC table for FR2 with 1 front-loaded DMRS
	CBW(MHz)
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz

	SCS(kHz)
	60
	60
	60
	120
	120
	120

	RB
	132
	132
	132
	66
	66
	66

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1
	1
	1
	1
	1
	1

	Channel bits
	41184
	82368
	123552
	20592
	41184
	61776

	Final TBS (A)
	7680
	53288
	67584
	3848
	26632
	33816

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

	C (Num of CB)
	1
	7
	9
	1
	4
	5

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1




2.6 UL/DL configuration 
RAN4 group has many discussion about the UL/DL configuration, some candidate   are listed.  In our view, in terms of minimum requirement, there should be no obvious with different UL/DL configuration.  
Considering the request of Korean operator, interference mitigation with different UL/DL configuration and beam utilization, we preferred
· For 30KHz,  {DDDSU}, S is {D11, G2,U1} or {D10, G3,U1}
· For 30KHz, {D D D S UU D D D D} for LTE UL/DL configuration 2 with alignment, S ={D3,G8,U3} to avoid interference
· For 120 KHz, {D D D S D D D S U U} for the utilization of 64 (max #) of SSBs, S ={D10,G2, U2}.

Proposal 6: UL/DL configuration for FR1 and FR2 for performance requirement in Rel-15 is preferred as 
· For 30KHz,  {DDDSU}, S is {D11, G2,U1} or {D10, G3,U1}
· For 30KHz, {D D D S UU D D D D},  S ={D3,G8,U3} 
· For 120 KHz, {D D D S D D D S U U} , S ={D10,G2, U2}.

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: Only DMRS configuration 1 is introduced for performance requirement of NR PUSCH in Rel-15. 
Proposal 2: The test cases of DFT-s-OFDM should be limited, only introduced for link budget limited scenario
· MCS: QPSK only,  1/3 or 1/2 coding rate
· Antenna configuration : 1Tx 2Rx
· DMRS pattern : 1 front-loaded DMRS+ 1 additional DMRS RS 
· SCS and BW:  15kHz, 5 MHz or 10MHz;  120KHz, 50MHz
· Resource allocation : type A, slot based scheduled 

[bookmark: _GoBack]Proposal 3: For FR1, both the performance requirement of type A and type B should be introduced in Rel-15. For FR2, non-slot transmission with PUSCH resource mapping type B should be introduced in Rel-15
Proposal 4: No performance requirement should be introduced for Pi/2 BPSK in Rel-15.
Proposal 5: FRC table 
Table 6, FRC table for FR1 with 1 DMRS
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	40MHz
	40MHz
	40MHz

	SCS(kHz)
	15
	15
	15
	30
	30
	30

	RB
	52
	52
	52
	106
	106
	106

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1
	1
	1
	1
	1
	1

	Channel bits
	16224
	32448
	48672
	33072
	66144
	99216

	Final TBS (A)
	3104
	21000
	27144
	6280
	42016
	55304

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

	C (Num of CB)
	1
	3
	4
	1
	5
	7

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1



Table 6, FRC table for FR1 with 1 front-loaded DMRS and 1 additional DMRS
	CBW(MHz)
	10MHz
	10MHz
	10MHz
	40MHz
	40MHz
	40MHz

	SCS(kHz)
	15
	15
	15
	30
	30
	30

	RB
	52
	52
	52
	106
	106
	106

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1+1
	1+1
	1+1
	1+1
	1+1
	1+1

	Channel bits
	14976
	19952
	44928
	30528
	61056
	91584

	Final TBS (A)
	2856
	19464
	25104
	5768
	38936
	50184

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

	C (Num of CB)
	1
	3
	3
	1
	5
	6

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1



Table 7, FRC table for FR2 with 1 front-loaded DMRS
	CBW(MHz)
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz
	100MHz

	SCS(kHz)
	60
	60
	60
	120
	120
	120

	RB
	132
	132
	132
	66
	66
	66

	Modulation order
	2
	4
	6
	2
	4
	6

	MCS index
	2
	16
	20
	2
	16
	20

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

	Num of DMRS
	1
	1
	1
	1
	1
	1

	Channel bits
	41184
	82368
	123552
	20592
	41184
	61776

	Final TBS (A)
	7680
	53288
	67584
	3848
	26632
	33816

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

	C (Num of CB)
	1
	7
	9
	1
	4
	5

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1



Proposal 6: UL/DL configuration for FR1 and FR2 performance requirement in Rel-15 is preferred as
· For 30KHz,  {DDDSU}, S is {D11, G2,U1} or {D10, G3,U1}
· For 30KHz, {D D D S UU D D D D} S ={D3,G8,U3} 
· For 120 KHz, {D D D S D D D S U U} , S ={D10,G2, U2}.
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