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1 Introduction

In RAN4 #86bis meeting a WF on NR UE performance requirements was agreed [1]. The following agreements related to PDSCH were captured in this WF:
	· Define the following NR UE performance requirements

· Demodulation performance requirements

· PDSCH (normal demodulation and SDR)

· Duplexing mode

· FR1: 

· Define both FDD and TDD requirements

· FR2: 

· Define TDD requirements only

· 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


In this contribution we provide our views on the NR PDSCH UE demodulation performance requirements. 

2 PDSCH demodulation performance requirements

2.1 Reference UE receiver assumptions
In LTE the initial Rel-8 performance requirements were defined under assumption of the basic LMMSE-MRC receivers. In the subsequent releases multiple enhanced receivers were introduced to improve the performance in the presence of intra-cell (for example, SU-MIMO and MUST) and inter-cell interference (for example, NAICS) including LMMSE-IRC, RML and SL-IC. 
In LTE extensive studied on the receiver enhancements for SU-MIMO scenarios were done [2]

 REF _Ref510620172 \n \h 
[3]. In particular it was confirmed that Type C (R-ML) receivers may provide noticeable performance improvement for the SU-MIMO scenarios for UEs equipped with 2 and 4 RX antennas. Using enhanced RML receiver is transparent to the network and does not require any modifications in the physical layer design. It is recommended to specify both RML and LMMSE SU-MIMO requirements from the very initial NR release.

	TDL-A, 2x2 Medium correlation, 2 MIMO layers, MCS 13.
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	TDL-A, 4x4 Medium A correlation, 3 MIMO layers, MCS13.

[image: image2.emf]0 5 10 15 20 25 30 35

SNR, dB

0

5

10

15

20

25

30

35

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

FR1, BW 10 MHz, SCS 15 kHz, TDL-A, 3kmh, 16ns

MMSE

R-ML



	Figure 1. Comparison of MMSE and R-ML


MU-MIMO is considered to be an important part of the NR design. The performance requirements can be based on the LMMSE-IRC receiver without additional optimizations for MU-MIMO interference handling. DMRS based interference covariance matrix estimation can be considered.
Multiple enhancement for inter-cell interference handling were introduced in LTE including LMMSE-IRC, NAICS (R-ML, SL-IC) and CRS-IC. Taking into account more complicated inter-cell interference environment in NR, where different cells may have non-aligned SCS transmissions, different DMRS patterns, etc., we suggest to focus on the base  LMMSE-IRC receivers with DMRS based interference covariance matrix estimation.
In summary, the following receiver framework is proposed for the Rel-15 UE performance requirements definition:
	Scenario
	Reference receiver

	Intra-cell SU-MIMO
	Rank 1: LMMSE

Rank 2+: Both LMMSE-IRC and R-ML 

	Intra-cell MU-MIMO
	LMMSE-IRC with DMRS based interference covariance matrix estimation

	Inter-cell
	LMMSE-IRC with DMRS based interference covariance matrix estimation


Proposal #1:
Define Rel-15 PDSCH performance requirements under following receiver algorithm assumptions:
· Scenarios with intra-cell SU-MIMO: LMMSE-IRC and R-ML

· Scenarios with intra-cell MU-MIMO: LMMSE-IRC

· Scenarios with inter-cell interference: LMMSE-IRC

2.2 PDSCH scheduling
BWP operation 
In NR the channel bandwidth can be divided into bandwidth parts (BWPs) which may occupy the full CBW or a subset of available resources. Different BWPs might have different SCS. In each time interval only a single BWP can be active for the selected UE in one CC. In Rel-15 we propose to focus on scenarios with single BWP which occupies full UE CBW and, if time allows, consider scenarios with multiple BWPs and dynamic switching between different BWPs.
PDSCH mapping types
In Rel-15 NR two PDSCH mapping types (Type A and Type B) were defined. Difference between these two types it is possible position of first PDSCH symbol, number of consecutive OFDM symbols and DMRS structure. In Table 1 possible PDSCH mapping parameters for Type A and Type B are provided.
Table 1. PDSCH mapping parameters

	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	Starting symbol
	Duration
	Starting symbol
	Duration

	Type A
	{0,1,2,3}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{0,…,10}
	{2,4,6}


Type A PDSCH mapping is more suitable for eMBB use cases and Type B is more suitable for URLLC use cases. As a part of Rel-15 PDSCH requirements RAN4 should cover both PDSCH mapping types. But taking into account limited time for Rel-15 NR performance part we suggest to focus on PDSCH mapping Type A and later discus introduction of PDSCH tests cases for mapping Type B.
PRB bundling
In NR three possible bundling sizes are defined in Rel-15: {2, 4, wideband}. Bundling equal to 2 is considered as baseline option and other configurations can be configured by high layer parameter prb-BundlingType. Wideband bundling assumes only frequency contiguous allocation. To achieve rather good channel estimation accuracy 2 or 4 PRB bundling is enough. So, we suggest to focus on baseline option, i.e. 2 PRB bundling and further study if increasing of bundling size to 4 PRBs allows achieving performance improvement.
Proposal #2:
In Rel-15 prioritize definition of NR PDSCH performance requirements for scenarios with single BWP occupying full CBW, PDSCH mapping Type A and 2 PRB bundling
2.3 HARQ mechanisms

In Rel-15 NR the following additional features were introduced in comparison to LTE
· Configurable maximum number of HARQ processes
· CBG-based HARQ
In NR the maximum number of HARQ processes is higher-layer configurable between 2, 4, 6, 8, 10, 12 and 16. For TDD the suitable maximum number of HARQ processes depends on UL-DL configuration and shall be decided along with the respective configuration. For FDD test cases we suggest to define a single value for FR1 requirements taking into account minimum UE PDSCH processing time (Table 2). Assuming that gNB processing time is roughly the same (time between receiving of UL signal and generation of TX signal) minimum delay between initial transmission and retransmission for scenarios with additional DMRS is equal to 26 symbols (~ 2 slots) for SCS 15 and 30 kHz and 40 symbols (~ 3 slots) for SCS 60 kHz. So, based on these calculations we can observe that for existing UE PDSCH processing capability at least 4 HARQ processes is required for FR1 FDD test cases.
Table 2. PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24


Another open question is maximum number of retransmissions and redundancy version for each retransmission. In LTE all PDSCH performance requirements are defined under assumption of 4 maximum number of HARQ transmission. We propose to reuse such assumption for NR PDSCH requirements definition. As for redundancy version coding sequence, the following is considered for LTE: {0,1,2,3} for QPSK and 16QAM and {0,0,1,2} for 64QAM and 256QAM. As the starting point, we think it is fine to consider LTE based redundancy version coding sequence for NR PDSCH requirements definition. Meantime, additional studies on the optimized sequence may be needed.
On top of conventional LTE-like TB-based HARQ retransmission mechanism, a code block group (CBG) based retransmissions mechanism is supported in NR. In this case UE reports ACK/NACK for groups of the code blocks in a TB. Using such feedback mechanism gNB retransmits only a part of the TB and UE should apply LLR combining for the respective CBs only. It is rather important to verify proper UE processing in case CBG HARQ is configured, but taking into account limited time for Rel-15 NR PDSCH requirements definition, we suggest to focus of TB-based HARQ and consider CBG-based HARQ with the second priority. 
Proposal #3:
In Rel-15 define NR PDSCH performance requirements under the following HARQ assumptions

· Maximum number of HARQ processes for FR1 FDD test cases is equal to 4
· Maximum number of HARQ transmissions is equal to 4
· Redundancy version coding sequence: {0,1,2,3} for QPSK and 16QAM and {0,0,1,2} for 64QAM and 256QAM
· TB-based HARQ is the first priority, CBG-based HARQ is the second priority.

2.4 Reference signals and QCL
In NR the following three reference signals types were introduced for PDSCH reception
· DMRS
Based on current status of TS 38.211 (Section 7.4.1.1), PDSCH DMRS configuration is rather flexible and can be changed depending on scenarios. It is not necessary to define demodulation test cases for each DMRS pattern. At least the test cases for the mandatory DMRS configurations shall be defined. At current stage the following DMR configurations for PDSCH mapping type A are mandatory without capability signalling

· Support 1 symbol FL DMRS without additional symbol(s)

· Support 1 symbol FL DMRS and 1 additional DMRS symbol

· Support 1 symbol FL DMRS and 2 additional DMRS symbols for at least one port
And the following DMRS configuration is mandatory with capability signalling

· Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port
Also, in NR two types of DMRS patterns are introduced: Type 1 and Type 2. In RAN1 it is still under discussion which of this pattern is mandatary or both patterns are mandatary. For NR PDSCH requirements RAN4 can further study which DMRS configuration is more suitable for exact scenarios. 
· PTRS: 
Phase tracking RSs were introduced to facilitate common phase error (CPE) compensation due to phase noise in scenarios with high carrier frequency (FR2). The PDSCH test cases should ensure that UE performs proper phase noise compensation using PTRS for FR2.

· TRS: 
Tracking reference signals were introduced for the time/frequency tracking purposed. Based on current NR design, TRS is the subset of CSI-RS with restricted configuration. TRS can be configured to facilitate correct time/frequency offset estimation for some test cases.

TCI (Transmission Configuration Indicator) concept was introduced in NR to support quasi-colocation mechanism. UE can be configured with one or multiple TCI states and the TCI provides information on the quasi co-location relationship between DM-RS port group and other DL reference signals (for, example TRS and CSI-RS). The following types of quasi co-location were defined:
· QCL-TypeA: {Doppler shift, Doppler spread, average delay, delay spread}
· QCL-TypeB: {Doppler shift, Doppler spread}

· QCL-TypeC: {average delay, Doppler shift}

· QCL-TypeD: {Spatial Rx parameter}

In our companion paper [4] we propose to prioritize scenarios with single TRP. For such scenarios is more typical assumption is one TCI state with QCL-TypeA.

Proposal #4:
For Rel-15 PDSCH requirements definition choose one of the following DMRS configurations depending on test setting:
· Type 1 or 2, 1 symbol FL DMRS without additional symbol

· Type 1 or 2, 1 symbol FL DMRS with 1 additional symbol

· Type 1 or 2, 1 symbol FL DMRS with 2 additional symbols

Proposal #5:
For Rel-15 FR2 PDSCH requirements definition consider scenarios with configured PTRS

Proposal #6:
For Rel-15 FR2 PDSCH requirements definition focus on scenarios with one TCI state and QCL-TypeA
2.5 Fixed reference channels

For LTE more typical fixed reference channels is QPSK 1/3, 16QAM 1/2, 64QAM 3/4 and 256QAM 4/5. 
For NR we propose to consider same combinations of modulation and coding rate as starting point and use the following MCSs for NR PDSCH performance definition in Rel-15:
· QPSK, MCS5 (Table 1), CR 0.3701
· 16QAM, MCS13 (Table 1), CR 0.4785
· 64QAM, MCS24 (Table 1), CR 0.7539
· 256QAM, MCS24 (Table 2),CR 0.8213
Proposal #7:
Use the following MCSs for NR PDSCH performance requirements definition in Rel-15: MCS5 (Table 1), MCS13 (Table 1), MCS24 (Table 1) and MCS24 (Table 2).

2.6 Performance metric

For the majority of LTE PDSCH tests cases the following requirement metric is used: SNR operating point corresponding to 70% of maximum throughput value. We propose to reuse current metric for NR PDSCH requirements definition at least for eMBB use cases. 
Proposal #8:
Define Rel-15 PDSCH requirements under eMBB use case assumption and reuse LTE performance metric.

2.7 SDR testing

For LTE SDR testing FRCs are defined for different channel bandwidth (5, 10, 15 and 20 MHz) taking into account UE capability on maximum number of MIMO layers per CC and support of 256QAM modulation. Also, in LTE the UE category concept is used to define maximum TBS for all aggregated BW (maximum data rate) and maximum TBS per each CC. In NR, a new approach was introduced to calculate the maximum data rate. Based on this approach, UE informs gNB about maximum number of MIMO layers (ν) per CC per BPC, maximum supported modulation order (Qm) and scaling factor (f) with per band per band combination signalling granularity as a part of UE capability signalling. gNB can calculate the maximum peak rate using the following equation [TS 38.306]:
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where Rmax = 948/1024, 
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 is the average OFDM symbol duration in a subframe for numerology 
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 is the overhead and takes the following values: [0.14] for FR1 and [0.18] for FR2. As for scaling factor (f), in RAN1 #92bis meeting it was agreed to consider the following list of the possible values {1, 0.8, 0.75, 0.4}. For FR1 we have 29 combinations for BW and numerology, 2 capabilities on maximum number of MIMO layers (2 or 4), 2 capabilities on maximum modulation order (64QAM or 256QAM) and 4 scaling factors. For FR2 we have 7 combinations for BW and numerology, 1 capability on maximum number of MIMO layers (i.e. 2), 1 or 2 capabilities on maximum modulation order (256QAM for FR2 is under discussion) and 4 scaling factor. If we plan to define FRC value for each of combination then definition of 464 FRCs and 28 (or 46 depending on outcome of 256QAM FR2 discussion) FRCs are required for FR1 and FR2 SDR tests, respectively. Number of FRCs for FR1 SDR test is too large and further discussion on prioritization of combinations of BW and numerology is required.
Proposal #9:
Further discuss which combinations of BW and numerologies will be used for FR1 and FR2 SDR tests.
2.8 Initial list of normal PDSCH demodulation test cases

In Table 3 we provide our view on initial set of normal PDSCH demodulation test cases.

Table 3. Initial list of NR PDSCH normal demodulation test cases

	Test
	Frequency range
	BW, MHz
	SCS, kHz
	DMRS configuration
	Antenna configuration
	Number of MIMO layers
	MCS

	1
	FR1
	10 MHz
	15 kHz
	Type 1
1 additional
	2x2 and 2x4
	2
	16QAM
MCS13

	2
	FR1
	10 MHz
	15 kHz
	Type 1
2 additional
	2x2 and 2x4
	1
	256QAM
MCS24

	3
	FR1
	20 MHz
	30 kHz
	Type 1
0 additional
	2x2 and 2x4
	1
	QPSK
MCS5

	4
	FR1
	20 MHz
	30 kHz
	Type 1
1 additional
	2x2 and 2x4
	1
	64QAM
MCS24

	5
	FR1
	40 MHz
	60 kHz
	Type 2
2 additional
	2x2 and 2x4
	2
	16QAM
MCS13

	6
	FR2
	50 MHz
	60 kHz
	Type 2
1 additional
	2x2
	1
	64QAM
MCS24

	7
	FR2
	50 MHz
	60 kHz
	Type 2
2 additional
	2x2
	2
	16QAM
MCS13

	8
	FR2
	100 MHz
	120 kHz
	Type 2
2 additional
	2x2
	1
	QPSK
MCS5


· PDSCH mapping configuration
· PDSCH mapping type A

· Starting symbol 3

· Number of consecutive symbols 11

3 Conclusion

In this contribution we provide views on the NR UE PDSCH performance requirements. In summary we make the following proposals:
Proposal #1:
Define Rel-15 PDSCH performance requirements under following receiver algorithm assumptions:

· Scenarios with intra-cell SU-MIMO: LMMSE-IRC and R-ML

· Scenarios with intra-cell MU-MIMO: LMMSE-IRC

· Scenarios with inter-cell interference: LMMSE-IRC
Proposal #2:
In Rel-15 prioritize definition of NR PDSCH performance requirements for scenarios with single BWP occupying full CBW, PDSCH mapping Type A and 2 PRB bundling
Proposal #3:
In Rel-15 define NR PDSCH performance requirements under the following HARQ assumptions
· Maximum number of HARQ processes for FR1 FDD test cases is equal to 4

· Maximum number of HARQ transmissions is equal to 4
· Redundancy version coding sequence: {0,1,2,3} for QPSK and 16QAM and {0,0,1,2} for 64QAM and 256QAM

· TB-based HARQ is the first priority, CBG-based HARQ is the second priority.

Proposal #4:
For Rel-15 PDSCH requirements definition choose one of the following DMRS configurations depending on test setting:

· Type 1 or 2, 1 symbol FL DMRS without additional symbol

· Type 1 or 2, 1 symbol FL DMRS with 1 additional symbol

· Type 1 or 2, 1 symbol FL DMRS with 2 additional symbols

Proposal #5:
For Rel-15 FR2 PDSCH requirements definition consider scenarios with configured PTRS

Proposal #6:
For Rel-15 FR2 PDSCH requirements definition focus on scenarios with one TCI state and QCL-TypeA

Proposal #7:
Use the following MCSs for NR PDSCH performance requirements definition in Rel-15: MCS5 (Table 1), MCS13 (Table 1), MCS24 (Table 1) and MCS24 (Table 2).

Proposal #8:
Define Rel-15 PDSCH requirements under eMBB use case assumption and reuse LTE performance metric.

Proposal #9:
Further discuss which combinations of BW and numerologies will be used for FR1 and FR2 SDR tests.
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