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1 Introduction
In RAN4#86bis the NR UE demodulation performance requirements were discussed. The open issues and proposals were summarized in [1] and based on the summary the way forward was approved in [2].
In this contribution, we would like to discuss the open issues for NR UE PDSCH demodulation performance requirements. We will focus on the single carrier case in this paper and discuss how to handle the multi-carrier cases in the accompanied contribution under the other agenda. 

According to the agreement, both normal PDSCH demodulation requirements and SDR test will be introduced. In this paper, we will concentrate on the normal PDSCH demodulation performance requirements, i.e., PDSCH demodulation performance requirements under the fading propagation conditions.
2 Previous agreements and open issues
The agreements on PDSCH demodulation requirements are as follows:
· Define the following NR UE performance requirements
· Demodulation performance requirements 
· PDSCH (normal demodulation and SDR)
· PDCCH 
· At least DL scheduling grant (DCI 1_0 and/or 1_1)
· FFS for PBCH
· Duplexing mode 

· FR1: 
· Define both FDD and TDD requirements 
· FR2: 
· Define TDD requirements only 
· UE SCS/CBW 

· Set of SCS and UE CBW combinations is FFS. The applicable bands are FFS.
· UL/DL configuration for TDD

· Define requirements only for semi-static configuration in Rel-15 

· Exact TDD configurations are FFS

· HARQ timing and number of processes is FFS 

· Number of UE RX ports and MIMO layers 
· FR1
· Define 2RX and 4RX ports requirements 

· Up to 4 MIMO layers
· FR2
· Define 2RX ports requirements 

· Up to 2 MIMO layers 
· MCS/TBS for PDSCH demodulation 

· FR1 
· QPSK/16QAM/64QAM/256QAM
· FR2
· QPSK/16QAM/64QAM
· Propagation channel models for FR1 performance requirements 

· Use simplified TR 38.901 TDL channel models

· FFS for power delay profiles 

· FFS for Delay spread values 

· FFS how to simplify the models

· FFS MIMO antenna correlation models 

· Propagation channel models for FR2 requirements

· FFS 

The open issues for NR UE PDSCH demodulation requirements were listed in the way forward as below
· PDSCH 
· Performance metrics
· FRCs

· HARQ parameters and RV sequence 
· Resource allocation 
· PRB bundling parameters 
· DRMS configuration
· CSI-RS for TRS
· PTRS
 
· QCL
· Reference receiver assumptions 
3 Features to be verified

There are totally 8 feature groups and more than 150 features under the discussion. Most of the features would be optional and whether a feature will be deployed or not depends on the market requirement. Thus unlike LTE where mainly the mandatory features are considered for the UE demodulation performance requirements, RAN4 should consider both the mandatory and optional features depending on the consensus in RAN4 working group to fulfill the need of Rel-15 network deployment.
In Table 1, we list all the feature groups and analyze the impact on the NR UE demodulation performance requirements.

	Feature group
	Impact (?)
	DL features which may impact UE demodulation requirements

	#0 Waveform, modulation, subcarrier spacing, and CP
	Yes
	1. DL modulation scheme: QPSK, 16QAM, 64QAM, 256QAM (FR1)
2. SCS and FFT size in conjunction with supportable BW with normal CP: 15KHz, 30KHz, 60KHz, 120KHz

3. Extended CP

	#1 Initial access and mobility
	No direct impact
	1. SSB, RMSI/broadcast (MIB/SIB) need be configured
a) To verify the rate matching around those signals/channels
b) For UE under test to complete the initial access

c) To provide the signals for UE to do timing and frequency tracking

	#2 MIMO
	Yes
	1. Basic PDSCH reception: data RE mapping, single layer transmission
2. PDSCH MIMO layers: supported maximal number of MIMO layers
3. TCI states for PDSCH: support number of active TCI states per CC; maximum number of configured TCI states

4. Basic downlink DMRS for scheduling type A

5. Basic downlink DMRS for scheduling type B

6. Support 1+2 DMRS (downlink)

7. Supported 2 symbols front-loaded DMRS (downlink)

8. Supported 2 symbols frond-loaded + 2 symbols additional DMRS (downlink)
9. Support 1+3 DMRS symbols (downlink)
10. Support DMRS type (downlink)

11. Downlink dynamic PRB bundling (downlink)

12. Periodic beam report: support report on PUCCH over 1-2 OFDM symbols; support report on PUCCH over 4-14 OFDM symbols once per slot

13. Aperiodic beam report: support report on PUSCH;
14. Semi-persistent beam report on PUCCH

15. Semi-persistent beam report on PUSCH

16. SSB/CSI-RS for beam measurement

17. Beam reporting timing

18. Receiving beam selection using CSI-RS resource repetition “ON”
19. Beam swiching

20. A-CSI-RS beam switching timing

21. Basic CSI feedback

22. Semi-persistent CSI report on PUCCH

23. Semi-persistent CSI report on PUSCH

24. CSI-RS and CSI-IM reception for CSI feedback

25. PDSCH RE-mapping

26. NZP-CSI-RS based interference measurement

27. CSI reporting framework

28. Type I single panel codebook

29. Support semi-open loop CSI

30. CSI report without PMI

31. CSI report without CQI

32. Type I multi-panel codebook

33. Type II codebook

34. Support Type II SP-CSI feedback on long PUCCH

35. Type II codebook with port selection

36. Basic DL PTRS

37. Downlink 2Tx PTRS

38. Downlink PTRS density recommendation

39. Basic TRS

40. TRS (CSI RS for tracking)

41. Support low latency CSI feedback

	#3 DL control channel and procedure
	Yes
	1. Basic DL control channel
2. For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 3 OFDM symbols for FR2
3. Unicast PDCCH monitoring following Case 1-2
4. More than one CORESET configurations per BWP in addition to CORESET0
5. More than one TCI state configurations per CORESET
6. For type 1 with dedicated RRC configuration, type 3, and UE-SS,, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2
7. For type 1 with dedicated RRC configuration, type 3, and UE-SS,, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a DCI gap
8. Dynamic SFI monitoring and dynamic UL/DL determination
9. Precoder-granularity of CORESET size

	#4 UL control channel and procedure
	Not direct impact
	1. Basic UL control channel needs be configured for the test porpuse.

	#5 Scheduling/HARQ operation
	Yes
	1. Basic scheduling/HARQ operation
2. UE specific RRC configure UL/DL assignment

3. Dynamic switching between RA Type0 and RA Type 1 for PDSCH

4. PDSCH mapping type A with less than 7 OFDM symbols

5. PDSCH mapping type B

6. Interleaving for VRB-to-PRB mapping for PDSCH

7. Up to 2 unicast PDSCHs per slot for different TBs
8. Up to 7 unicast PDSCHs per slot for different TBs

9. PDSCH repetition over multiple slots

10. DL SPS

11. Type 1 configured UL grant

12. Type 2 configured UL grant

13. Pre-emption indication for DL

14. CBG-based re-transmission for DL using CBGTI

15. CBGFI for CBG based re-transmission for DL

16. Dynamic HARQ-ACK codebook using sub-codebooks for CBG-based re-transmission for DL

17. Semi-static rate-matching resource set configuration for DL
18. Dynamic rate-matching recourse set configuration for DL

19. Rate-matching around LTE CRS

	#6 CA/DC BWP SUL
	
	1. Basic BWP operation: UE-specific RRC configured DL BWP per carrier, RRC reconfiguration of any parameters related to BWP
2. Type-A BWP adaptation with same numerology

3. Type-B BWP adaptation with same numerology

4. BWP adaptation with different numerologies

5. Basic DL NR-NR CA operation
6. PDCCH blind detection capability for CA

7. Two PUCCH group

8. Different numerology across PUCCH groups

9. Different numerology across carriers with the same PUCCH group

10. Cross carrier scheduling

11. Number of supported TAGs

12. Support 2 simultaneous UL transmissions for problematic cases

13. Case 1 single Tx UL LTE-NR DC

14. Supplemental uplink

15. Supplemental uplink with different numerolgoies between SUL and non SUL carriers

16. Supplemental uplink with dynamic switch

17. Simultaneous reception and transmission on different carriers for each band combination
18. DL search space sharing for CA

	#7 Channel coding
	Yes
	1. LDPC encoding and associated functions for data on DL
2. Polar encoding and associated functions for PBCH and DCI

3. Coding for very small blocks

	#8 UL TPC
	No
	For NR DL demodulation performance requirements, no practical power control is needed.


4 Discussion on parameters
4.1 Test metrics
For PDSCH, we can reuse the test metrics as LTE, i.e., use 70% throughput vs SNR as the test metrics. Similar as LTE, we can define the Noc level as the external noise for demodulation performance requirements.
Except for 70% throughput test point, 30% throughput test point is also verified by some of LTE demodulation performance requirements. The purpose is to check the HARQ combination performance under the relative lower SNR operating point.

· Proposal 1: Use throughput vs SNR as the test metric for NR UE PDSCH demodulation performance requirements, and consider 70% relative throughput and 30% relative throughput for the test points.
4.2 UE SCS and channel bandwidth
There are quite a lot of SCS and channel bandwidth combinations. Below we copy the supported bandwidths for all the existing FR1 and FR2 operating bands.
For 15KHz SCS, most operating bands support 10MHz, 15MHz and 20MHz except for n51, n76 and n79. For 30KHz SCS, most operating bands except for n79 support 10MHz, 15MHz and 20MHz if they support 30KHz SCS. All the operating bands which support 60KHz SCS can support 10MHz, 15MHz and 20MHz.
Because EN-DC and NR-NR CA are supported from Day 1 of NR, we need consider the single carrier requirements and multi-carrier performance requirements at the same time. We would like to follow LTE CA approach where the single carrier requirements with the different bandwidths are defined, and for CA all the CCs are transmitted to UE simultaneously and the performance on each CC is verified separately.
For that approach, the maximum bandwidth for each NR band needs be considered. Checking the maximum bandwidths supported by each operating band for each supported SCS, we can find that for 15KHz SCS the 5MHz, 20MHz, 25MHz, 30MHz, 40MHz, 50MHz are supported as the maximum bandwidths, for 30KHz SCS the 20MHz, 25MHz, 30MHz, 40MHz, 80MHz and 100MHz are supported as the maximum bandwidths, and for 60KHz SCS the 20MHz, 25MHz, 30MHz, 40MHz, 80MHz and 100MHz are supported as the maximum bandwidths.
For FR2, all the operating bands support 50MHz, 100MHz and 200MHz for 60KHz SCS and support 50MHz, 100MHz, 200MHz and 400MHz for 120KHz SCS. The maximum supported bandwidths are 200MHz for 60KHz SCS and 400MHz for 120KHz SCS. Since 200MHz bandwidths for mmWave is mandatory, it can be selected as the channel bandwidth for FR2 UE demodulation performance requirements.
Based on the above analysis, there would be two approaches to select the SCS and bandwidths for defining the performance requirements. 

· Option 1: Define the demodulation performance requirements for the typical bandwidth for each SCS

· Option 2: Define the demodulation performance requirements for each supported maximum bandwidths for each SCS
Considering the flexibility, we prefer Option 2 although the number of test cases would increase significantly.

From the existing LTE CA demodulation performance requirements, we observe that when the bandwidth is larger than 10MHz the performance under different bandwidths are quite similar. So we would like to have more simulation campaign to see whether we can define the generic performance requirements independent of channel bandwidths.

Furthermore, if the PDP of channel model and Doppler spread are scaled with the SCS, the similar performance would be expected. 
Therefore, we propose that

· Proposal 2: Define the single carrier NR UE demodulation performance requirements for the maximum supported bandwidths for each operating band for each supported SCS.
· Proposal 3: Have further study the methodology to specify the generic demodulation performance requirements by
· Comparing the performances for different bandwidths under the same conditions
· Comparing the performances for different SCS when the PDP of channel model and Doppler spread are scaled according to SCS.
Table 5.3.5-1 Channel Bandwidths for Each NR band

	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	101,2 MHz
	152 MHz
	202 MHz
	252 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	NOTE 1:
90% spectrum utilization may not be achieved for 30kHz SCS.

NOTE 2:
90% spectrum utilization may not be achieved for 60kHz SCS.

NOTE 3:
This UE channel bandwidth is applicable only to downlink.


Table 5.3.5-1: Channel bandwidths for each NR band

	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS

kHz
	50 MHz
	100 MHz
	200

MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n261
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes


4.3 Antenna configuration and MIMO layers
According to RAN1 discussion on the feature list, the maximum supported by downlink MIMO is 8-layer. And for NR all the demodulation will be based on DMRS.
In LTE, for the DMRS based transmission mode, the random pre-coding is assumed, and the Tx antenna number in the test is assumed to be equal to the number of DMRS ports. The rationale behind is that people think the main test purpose is to verify the channel estimation performance based on DMRS. So we would like to propose to follow the same approach. 

But for PMI test, we can consider the Tx antenna number equaling to the codebook dimension, since the main purpose is to verify the PMI prediction.

For NR MIMO demodulation performance requirements, we would like to prioritize the SU-MIMO demodulation performance requirements and de-prioritize the MU-MIMO demodulation performance requirements.
Previously, it was agreed that both 2Rx and 4Rx demodulation performance requirements will be specified in Rel-15 for NR UE. So based on the above analysis, we would like to propose that

· Proposal 4: Consider 1x2, 1x4, 2x2, 2x4, 4x2 and 4x4 antenna configuration for demodulation performance requirements, and use the random pre-coding for NR UE demodulation performance requirements.
· Proposal 5: Consider 1-layer, 2-layer, 3-layer and 4-layer demodulation performance requirements for SU-MIMO.

· Proposal 6: Prioritize SU-MIMO for the demodulation performance requirements and de-prioritize the MU-MIMO cases.

4.4 FRC: MCS and TB size
In LTE the following MCS is mainly used for fixed reference channel demodulation performance requirements:
· QPSK 1/3
· 16QAM 1/2
· 64QAM 1/2, 64QAM 3/4
· 256QAM 0.6, 256QAM 0.77
For NR, we can use those MCS as the starting points. The benefit to use those MCS-es is that we can compare the NR performance with the LTE performance under the similar conditions.

· Proposal 7: It is proposed to use the following MCS as the starting for NR UE demodulation performance requirements

· QPSK 1/3
· 16QAM 1/2
· 64QAM 1/2, 64QAM 3/4
· 256QAM 0.6, 256QAM 0.77
4.5 HARQ parameters and RV sequence
For the HARQ parameters, we should decide the processing time for reference receiver and then decide the HARQ timing line. The NR HARQ timeline and processing time of UE and gNB are quite flexible. But for the demodulation performance requirements, we should align our assumptions. Otherwise it would be difficult to align the simulation results under the fading channel, because the interval between the initial transmission and re-transmission would be different. Thus we propose that
· Proposal 8: For UE processing timeline, we propose the UE capability of N+1. For gNB processing timeline, we propose N+7.

For RV sequence, we would like to reuse the existing LTE demodulation performance requirement assumptions, i.e, {0, 1, 2, 3} for QPSK and 16QAM, {0, 0, 1, 2} for 64QAM and 256QAM to provide the steeper slope around the test point on the curve.

· Proposal 9: Use {0, 1, 2, 3} for QPSK/16QAM, and {0, 0, 1, 2} for 64QAM/256QAM as the starting point.
4.6 Resource allocation
In LTE both full PRB allocation and the single PRB allocation are verified in the demodulation performance requirements. The purpose of single PRB demodulation performance is to verify the channel estimation performance under the extreme case.

For NR, all the demodulations are conducted based on DMRS and the random pre-coding with a certain granularity would be assumed. The channel estimation frequency domain filter will be performed within the granularity or just the single PRB based channel estimation would be assumed as the reference receiver. So there would be meaningless to verify the single PRB allocation case.
· Proposal 10: Use full PRB allocation as baseline.
4.7 PRB bundling parameters
As per the latest RAN1#90Bis meeting agreements: 

Agreement: For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2 

Agreement: 1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC

Agreements:
· When 1-bit DCI field is present, the following configuration is supported

· Candidate values: {2, 4, scheduled BW}

· FFS: support 1 as an additional candidate value

· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values

· When two candidate values are configured, one value is implicitly determined

· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)

· The DCI bit field indicated “0”: select one RRC configured candidate value

· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4

The default value for PRB bundling size is 2, and bundling size 1 is still FFS, to finalize the simulation results for REFSENS SNR as early as possible considering the completion date of December 2017 for NR, we propose to use bundling size 2 for the following simulations.

· Proposal 11: Use PRB bundling size 2 for the REFSENS SNR simulation assumption.
4.8 DMRS configuration
In core specification TS 38.211 DMRS configuration type 1 and 2 for PDSCH 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 downlink DMRS (downlink) 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 downlink 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 PDSCH resource mapping type A and B, the difference is just the position of the reference point for 
[image: image1.wmf]l

 and the position 
[image: image2.wmf]0

l

 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 PDSCH 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 PDSCH 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 12: Only single-symbol DMRS is considered with 0/1/2 additional DMRS configured for different test scenarios, including DMRS configuration type 1 and 2.
4.9 CSI-RS for TRS
In our view, TRS needs be configured for timing and frequency tracking during the test.
· Proposal 13: TRS needs be configured for timing and frequency tracking.
4.10 PTRS
PTRS is optional for FR1, we suggest not considering it. 
The Basic DL 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. And it is challenging to verify the phase noise mitigation by using PT-RS. To simplify the test and speed up the NR demodulation performance work, we suggest not considering PT-RS for FR2 in Rel-15 and can be added in later release.

· Proposal 14: Do not consider PT-RS configuration in Rel-15 for both FR1 and FR2.
4.11 QCL
According to RAN1 feature list, QCL is mainly associated with PDSCH beam switching feature and applicable only for FR2. We see some challenge to design a test case to verify the performance. RAN4 may need more time to consider it.
For FR1, we would like first focus on the SU-MIMO demodulation performance requirements. For multiple TP case, we would like to de-prioritize such scenario.
4.12 Reference receiver
For reference receiver, we would like to assume using MMSE receiver as the reference receiver at the beginning of NR.
· Proposal 15: Use MMSE as the reference receiver.
5 Conclusions
In this contribution, we discuss the open issues for NR UE demodulation performance requirements. Based on our analysis, we propose that
· Proposal 1: Use throughput vs SNR as the test metric for NR UE PDSCH demodulation performance requirements, and consider 70% relative throughput and 30% relative throughput for the test points.
· Proposal 2: Define the single carrier NR UE demodulation performance requirements for the maximum supported bandwidths for each operating band for each supported SCS.

· Proposal 3: Have further study the methodology to specify the generic demodulation performance requirements by

· Comparing the performances for different bandwidths under the same conditions

· Comparing the performances for different SCS when the PDP of channel model and Doppler spread are scaled according to SCS.
· Proposal 4: Consider 1x2, 1x4, 2x2, 2x4, 4x2 and 4x4 antenna configuration for demodulation performance requirements, and use the random pre-coding for NR UE demodulation performance requirements.

· Proposal 5: Consider 1-layer, 2-layer, 3-layer and 4-layer demodulation performance requirements for SU-MIMO.

· Proposal 6: Prioritize SU-MIMO for the demodulation performance requirements and de-prioritize the MU-MIMO cases.

· Proposal 7: It is proposed to use the following MCS as the starting for NR UE demodulation performance requirements

· QPSK 1/3
· 16QAM 1/2
· 64QAM 1/2, 64QAM 3/4
· 256QAM 0.6, 256QAM 0.77
· Proposal 8: For UE processing timeline, we propose the UE capability of N+1. For gNB processing timeline, we propose N+7.

· Proposal 9: Use {0, 1, 2, 3} for QPSK/16QAM, and {0, 0, 1, 2} for 64QAM/256QAM as the starting point.
· Proposal 10: Use full PRB allocation as baseline.
· Proposal 11: Use PRB bundling size 2 for the REFSENS SNR simulation assumption.

· Proposal 12: 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 13: TRS needs be configured for timing and frequency tracking.
· Proposal 14: Do not consider PT-RS configuration in Rel-15 for both FR1 and FR2.
· Proposal 15: Use MMSE as the reference receiver.
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