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1   Background
During RAN4#87 Melbourne meeting, WF[1] about NR BS demodulation performance requirements was approved. The general work methods and scopes were outlined.

In this contribution, we would like to share our view about PUSCH demodulation performance requirements.

2   Discussion
2.1   Waveform
From the UE feature list[1~2], we can know that both CP-OFDM for UL and Transform precoding for single-layer PUSCH are mandatory without capability signalling for UE, to keep consistent between UE and BS, we think that both waveforms need to be considered.
Proposal 1: Both CP-OFDM and DFT-s-OFDM should be considered for PUSCH demodulation performance requirements.
2.2   DM-RS

In core specification TS 38.211 DMRS configuration type 1 and 2 for PUSCH mapping type A and B are defined, for each configuration type 1 and 2, there are single-symbol DM-RS and double-symbol DM-RS with the different number of additional DM-RS served for different scenarios, such as low speed and high speed. From the UE feature list[1~2], the following configuration is mandatory without capability signaling:
Basic uplink DMRS (uplink) for scheduling type A:
· Support 1 symbol FL DMRS without additional symbol(s) (1)
· Support 1 symbol FL DMRS and 1 additional DMRS symbols (1+1)
· Support 1 symbol FL DMRS and 2 additional DMRS symbols (1+1+1)
Basic uplink DMRS for scheduling type B:

· Support 1 symbol FL DMRS without additional symbol(s) (1)
· Support 1 symbol FL DMRS and 1 additional DMRS symbol (1+1)
· Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port (1+1+1)
For double-symbol DM-RS is still under discussion in RAN1, we would like to focus on single-symbol DM-RS with the number of 0/1/2 additional DMRS symbols listed above that is mandatory to support without capability signaling for UE, they can be configured in different propagation conditions, such as EPA5/EVA5, EVA70/ETU70 and ETU300/ETU600 used in LTE, but for NR, we need to figure out the similar propagation conditions.

Observation 1: Different DMRS format, i.e. 1 symbol FL plus 0/1/2 additional DMRS symbols can be configured in different propagation conditions.

For the PUSCH resource mapping type A and B, the difference is just the position of the reference point for 
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 of the first DM-RS symbol, we do not think that it is necessary to cover both with the same DMRS symbols configuration: 1, 1+1 and 1+1+1.

Observation 2: Select one from PUSCH resource mapping type A and B, or configure them in different test cases.

For DMRS configuration type 1 and 2, the difference is the DMRS RE mapping method as shown below:
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From the above mapping patterns for type 1 and 2, we can know:
· Type 1 has higher DMRS overhead than Type-2 with the same number of antenna port configured;

· Type 2 has better orthogonality between different DMRS ports with adjacent REs within an OCC group; especially in the cases for large subcarrier spacing cases.
· Type-2 density is less than Type-1, but leave more resources for PUSCH transmission (FDM between DMRS and data was already agreed); So, in the cases with Type-2 will have higher spectrum efficiency
Observation 3: Configure DMRS configuration type 1 and type 2 in different scenarios.

Proposal 2: Only single-symbol DMRS is considered with 0/1/2 additional DMRS configured for different test scenarios, including DMRS configuration type 1 and 2.
2.3   PT-RS configuration

PTRS is optional for FR1, we suggest not to consider it; Basic UL one port PTRS is mandatory with UE capability signaling for FR2, i.e. UE can report to BS that PT-RS is not supported by UE capability signaling in some scenarios, to simplify the test and speed up the NR demodulation performance work, we suggest not to consider PT-RS for FR in Rel-15 and can be added in later release.
Proposal 3: Not consider PT-RS configuration in Rel-15 for both FR1 and FR2.
2.4   SRS configuration

Follow the LTE configuration, we suggest not to configure SRS in the performance requirements.

Proposal 4: Not configure SRS in the test.
2.5   Codebook
Both Type-I and Type-II codebook are mandatory UE feature to support. 
For Type-II codebook, component-1, component-2, component-3 and component-4 are specified, which component and which candidate will be selected, further detailed discussion is needed.
Proposal 5:  Define PUSCH performance requirements with codebook based transmission, including both Type-I and Type-II

2.6   MCS
Currently, from RAN1 UE feature list, QPSK and 16QAM modulation are mandatory without capability signalling. During RAN4#86 Athens meeting, RAN4 agreed that 64QAM for PUSCH is mandatory without capability at least for all bands defined within Rel.15 timeframe; 256QAM for PUSCH for FR1 is optional with type 1 capability signalling, TBD for PUSCH FR2. RAN4 can further discuss to mandate 256QAM for PUSCH for FR1 in future release; pi/2-BPSK for PUSCH for FR1 is optional and TBD for PUSH FR2. So QPSK, 16QAM and 64QAM should be considered within Rel-15 for both FR1 and FR2. 256QAM and pi/2-BPSK for FR2 can further discuss as per RAN4 further agreements. The corresponding target coding rate can refer to the existing LTE 1/3, ¾ and 5/6 and Table 5.1.3.1-1: MCS index table 1 for PDSCH in TS 38.214, we can get the MCS4 with target coding rate 308/1024 for QPSK; MCS16 with target coding rate 658/1024 for 16QAM; MCS25 with coding rate 822/1024 for 64QAM.
Proposal 6:  QPSK with MCS4, 16QAM with MCS16 and 64QAM with MCS25 should be considered for FR1 and FR2 in Rel-15.
2.7   FRC
As per the proposals above, we give the corresponding FRC definition for TBS alignments for FR1 with SCS 15kHz and different DM-RS configuration, here we assume no FDM between DM-RS and data. For initial alignment, we suggest companies firstly simulate those cases with red highlighted before we conduct simulations for other cases:
Table 1: FRC for FR1 with SCS 15kHz and 1 symbol front-load DM-RS only
	CBW(MHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz

	SCS(kHz)
	15
	15
	15
	15
	15
	15
	15
	15

	RB
	25
	52
	79
	106
	133
	160
	216
	270

	Modulation order
	2
	2
	2
	2
	2
	2
	2
	2

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	Num of DMRS
	1    
	1    
	1    
	1    
	1    
	1    
	1    
	1    

	Channel bits
	7800    
	16224    
	24648    
	33072    
	41496    
	49920    
	67392    
	84240    

	Final TBS (A)
	2408
	4864
	7424
	9992
	12552
	15112
	20496
	25104

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

	C (Num of CB)
	1
	1
	1
	2
	2
	2
	3
	3

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 2: FRC for FR1 with SCS 15kHz and 1 +1 DMRS configuration
	CBW(MHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz

	SCS(kHz)
	15
	15
	15
	15
	15
	15
	15
	15

	RB
	25
	52
	79
	106
	133
	160
	216
	270

	Modulation order
	2
	2
	2
	2
	2
	2
	2
	2

	Code Rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Num of DMRS
	2
	2
	2
	2
	2
	2
	2
	2

	Channel bits
	7200
	14976
	22752
	30528
	38304
	46080
	62208
	77760

	Final TBS (A)
	2152
	4480
	6784
	9224
	11528
	13832
	18432
	23568

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

	C (Num of CB)
	1
	1
	1
	2
	2
	2
	3
	3

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 3: FRC for FR1 with SCS 15kHz and 1 +1+1 DMRS configuration

	CBW(MHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz

	SCS(kHz)
	15
	15
	15
	15
	15
	15
	15
	15

	RB
	25
	52
	79
	106
	133
	160
	216
	270

	Modulation order
	2
	2
	2
	2
	2
	2
	2
	2

	Code Rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Num of DMRS
	3
	3
	3
	3
	3
	3
	3
	3

	Channel bits
	6600
	13728
	20856
	27984
	35112
	42240
	57024
	71280

	Final TBS (A)
	2024
	4096
	6272
	8456
	10504
	12808
	16896
	21504

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

	C (Num of CB)
	1
	1
	1
	2
	2
	2
	3
	3

	Base Graph Type
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Proposal 7: Use the above FRC to conduct simulations for FR1 with SCS 15kHz for CBW 5MHz, 10MHz, 15MHz and 20MHz for initial simulation results alignment before we do any other cases simulations.
3   Proposals
In this contribution, we further analyses the RAN1 agreements about UE further NB-IoT enhancements [1] for TDD, and give our proposals are:

Proposal 1: Both CP-OFDM and DFT-s-OFDM should be considered for PUSCH demodulation performance requirements.
Proposal 2: Only single-symbol DMRS is considered with 0/1/2 additional DMRS configured for different test scenarios, including DMRS configuration type 1 and 2.

Proposal 3: Not consider PT-RS configuration in Rel-15 for both FR1 and FR2.

Proposal 4: Not configure SRS in the test.
Proposal 5:  Define PUSCH performance requirements with codebook based transmission, including both Type-I and Type-II

Proposal 6:  QPSK with MCS4, 16QAM with MCS16 and 64QAM with MCS25 should be considered for FR1 and FR2 in Rel-15.
Proposal 7: Use the above FRC to conduct simulations for FR1 with SCS 15kHz for CBW 5MHz, 10MHz, 15MHz and 20MHz for initial simulation results alignment before we do any other cases simulations.
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