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1   Background
During RAN4#89 Spokane meeting, WF [1] were approved for NR UL general part. Due to limited time and workload for already agreed test cases, RAN4 agreed to discuss addition of new test after November, 2018. Phase noise model is still open for FR2 16QAM and 64QAM.
In this contribution, we share our view about the open issues and other new cases.

2   Discussion
2.1   Time domain resource
After several meeting discussions, still no agreements were reached for the slot and/or non-slot based transmission with resource mapping type B performance requirements definition:
· For FR1, 

· Whether to test non-slot and/or slot based transmission with resource mapping type B
· Option1: Type B for non-slot based.
· Option2: Type B for slot based
· Option3: Type B for both slot and non-slot based.
· Option4: Type B not tested
As per TS 38.214  Table 6.1.2.1-1 in section 6.1.2.1 Resource allocation in time domain for PUSCH:
Table 6.1.2.1-1: Valid S and L combinations

	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}


We can know that Type A is a subset of Type B no matter from the starting symbol S or the allocated consecutive number of symbols L point of view, Type B can be flexibly used in both slot and non-slot based transmission. The core specification never constraints that Type A is only for slot-based transmission and Type B is only for non-slot based transmission.

PUSCH performance requirements for Type A with slot-based transmission have been agreed to be defined, but the corresponding PUSCH performance requirements for Type B with slot-based transmission have not been defined, there will be PUSCH performance tests for gNB only supporting Type B for slot-based transmission.

For slot-based transmission: The only difference between Type A and Type B is the DMRS positions, Type A is relative to the start of slot and Type B is relative to the start of the scheduled PDSCH resources. We did simulations to check the demodulation performance differences between the PUSCH mapping type A and type B as shown below, from the simulation results, we can know the performance between Type A and Type B is very similar for cases with one additional DMRS, one set of requirement can be defined for both of them. Different performance between Type A and Type B for cases with only front-load DMRS configured, separate requirements need to be defined for them.
Table 2.1-1: Simulation results for slot-based transmission for both PUSCH mapping Type A and Type B

	DMRS
	BW/SCS
	MCS
	Type A: SNR@70% Max TP
	Type B: SNR@70% Max TP

	1+0
	10MHz/15kHz
	MCS2
	-1.85
	0.25

	
	
	MCS16
	10.4
	11.74

	
	
	MCS20
	11.2
	11.08

	
	40MHz/30kHz
	MCS2
	-3.34
	-2.46

	
	
	MCS16
	8.46
	8.70

	
	
	MCS20
	11.14
	11.01

	1+1
	10MHz/15kHz
	MCS2
	-4.6
	-4.67

	
	
	MCS16
	8.2
	8.28

	
	
	MCS20
	10.5
	10.55

	
	40MHz/30kHz
	MCS2
	-4.7
	-4.7

	
	
	MCS16
	7.9
	7.89

	
	
	MCS20
	10.5
	10.4


Observation 1: Almost the same performance requirements for cases with one additional DMRS configured for PUSCH resource mapping type A and type B;
Observation 2: Different performance requirements for cases with only front-load DMRS configured for PUSCH resource mapping type A and type B.
Proposal 1: Define performance requirements for FR1 slot-based transmission for PUSCH resource mapping type B.
2.2   DM-RS

During RAN4#AH1807 meeting, for the number of DMRS configuration, the following agreements were made:
· DMRS number
· FR1: 1 (one front-loaded) and 1+1 (one front-loaded and one additional)
· FR2: 1 (one front-loaded) 
From the UE feature list item 2-16a [3], the following configuration is mandatory without capability signaling:
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)

The following is mandatory with capability signaling:

Basic uplink DMRS for scheduling type B:

· Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port (1+1+1)
Currently RAN4 only agreed to define performance requirements for FR2 with only front-load DMRS for PUSCH mapping type B. In RAN4#88bis meeting [3], S=0 and L=10 were agreed for FR2 non-slot based transmission with PUSCH mapping type B, if we check TS 38.211 Table 6.4.1.1.3-3 as shown below:

Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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 within a slot for single-symbol DM-RS and intra-slot frequency hopping disabled.

	 Duration in symbols
	DM-RS positions 
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	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
	1
	2
	3

	<4
	-
	-
	-
	-
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We can know that one additional DMRS can be configured when L>=5, not say L=10, for PUSCH mapping type B, so it is a very practical configuration of with one additional DMRS configured in certain conditions to ensure robust performance. 
	BW/SCS
	MCS
	SNR@70% Max TP (DMRS1+0)
	SNR@70% Max TP (DMRS1+1)
	Performance Gain:

(DMRS1+1 v.s. DMRS1+0)

	100MHz/60kHz
	MCS2
	-4.28
	-4.87
	0.59

	
	MCS16
	10.33
	9.37
	0.96

	
	MCS20
	12.58
	12.57
	0.01

	100MHz/120kHz
	MCS2
	-4.58
	-5.12
	0.54

	
	MCS16
	9.58
	9.20
	0.38

	
	MCS20
	12.32
	12.44
	-0.12


Proposal 2: Define performance requirements with 1+1 DMRS configuration for FR2 non-slot based transmission with L=10 and PUSCH mapping type B.
2.3   UL PT-RS
As per core specification TS 38.214 section 6.2.3: If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS. 
Also as per Rel-15 NR UE feature list [6] item 2-47 ‘Basic UL PTRS’, we can know that support 1 port of PTRS is mandatory with UE capability signaling for FR2.
From the above two aspects, we can know that UE has the opportunity to report not support UL PT-RS, and also gNB may not configure UL PT-RS for UE according to the specific scenarios requirements. If RAN4 only defines performance requirements for FR2 with PT-RS configured regardless of the MCS value and without any evaluations, we think that it is inconsistent with core specification and unreasonable behavior, we have strong concerns about such performance requirement definitions.
As per the huge evaluation work done by UE vendors about the phase noise impact and CPE by using the PT-RS, RAN4 has common understanding that PN only have impact on higher rank and high modulation, RAN4 has agreed to only configure PT-RS with modulation order higher than QPSK [8]. But RAN4 only agreed not model phase noise for PUSCH demodulation performance, since companies have common understanding that there is no gain to configure PT-RS for QPSK for phase tracking, we would like to propose not configure PT-RS for PUSCH FR1 performance requirements with QPSK, not only not model phase noise during simulations.  
We would like to give more information about PT-RS for DFT-s-OFDM waveform by referring to the evaluations during PT-RS design from RAN1: 

Reference [9, Intel]: “The DFT-S-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform.” ” the DFT-S-OFDM waveform is targeting for the link budget limited case. So, in most of the cases, DFT-S-OFDM should be working in low or medium SINR scenarios.” from the simulation, “It can be observed that for low SINR case, the phase noise impact is not significant.”

Reference [10, Huawei, HiSilicon], we can know that PT-RS is needed only for high MCS in high SNR region, “When DFT-s-OFDM is used, PT-RS may not be needed, as it targets at coverage-limited scenario with single stream transmission only, where low-order modulation and smaller BW are more applicable. To verify this, evaluations results of single-layer transmission are provided in Figure 3. Time-domain PT-RS is inserted before DFT with an overhead of 6%. As can be seen, such PT-RS and phase noise compensation (PNC) provides no gain for 16QAM 1/2 and 16QAM 2/3, and negative impacts are observed with even lower MCS such as QPSK and 16QAM 1/3, due the reason that phase tracking in low SNR is inaccurate.”
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Reference [11, Nokia] give the following observations and proposals:
Observation 7:  For DFT-s-OFDM waveform, blind phase tracking performs equally-well compared to PT-RS based compensation.

Proposal 4: PT-RS is not required for PN or FO mitigation for DFT-s-OFDM waveform at 30 GHz nor 70 GHz.

Reference [12, Ericsson] gives the following observations and proposal:
Figure 2 and Figure 3 reveal that for QPSK modulation none of the PTRS schemes provides processing gain, so PTRS should not be scheduled for QPSK

Observation 2
PTRS does not provide processing gain for low order modulation schemes.

Proposal 1
When using DFT-S-OFDM, PTRS should only be scheduled for medium and high modulation schemes.

Proposal 3: Not configure PT-RS for NR PUSCH FR2 performance requirements with QPSK including both CP-OFDM and DFT-s-OFDM waveform.
3   Proposals
In this contribution, we further shared our views on the remaining issues, and give our observations and proposals are:
Observation 1: Almost the same performance requirements for cases with one additional DMRS configured for PUSCH resource mapping type A and type B;
Observation 2: Different performance requirements for cases with only front-load DMRS configured for PUSCH resource mapping type A and type B.
Proposal 1: Define performance requirements for FR1 slot-based transmission for PUSCH resource mapping type B.
Proposal 2: Define performance requirements with 1+1 DMRS configuration for FR2 non-slot based transmission with L=10 and PUSCH mapping type B.

Proposal 3: Not configure PT-RS for NR PUSCH FR2 performance requirements with QPSK including both CP-OFDM and DFT-s-OFDM waveform.
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