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1 Introduction

In the previous RAN4 meeting WF on simulation assumptions for NR UE performance tests was agreed [1]. 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 the last RAN4 meeting the following agreements on reference UE receiver were made [1]:

	· Reference Receiver (For initial alignment purpose):

· Rank1: MMSE-IRC/MMSE

· Layer 2,3,4: MMSE-IRC/MMSE and R-ML

· FFS for the receiver assumptions for performance requirements


In LTE extensive studies on the receiver enhancements for SU-MIMO scenarios were done [2-3]. 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. For Rel-15 NR, it is recommended to specify both RML and LMMSE SU-MIMO requirements. In Figure 1 we provide comparison of performance of MMSE and R-ML receivers for scenarios with 2 and 3 MIMO layers. It may be observed that R-ML receiver provide performance improvement over LMSME especially for scenarios with non-low correlation at the UE RX and for the case of multiple MIMO layers.
	TDL-A, 2x2 Medium correlation, 2 MIMO layers, MCS 13.
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	TDL-A, 4x4 Medium A correlation, 3 MIMO layers, MCS13.
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	Figure 1. Comparison of MMSE and R-ML


Proposal #1:
Define LMMSE-IRC and R-ML performance requirements for intra-cell SU-MIMO scenarios. 
2.2 PDSCH scheduling
The following agreements on PDSCH scheduling were made in [1]:
	· PDSCH scheduling (For initial alignment simulation purpose):

· Full PRB allocation with channel bandwidth

· PDSCH mapping type: both type A and type B

· Further discussion for candidate options this week for PRB bundling size 

· 2 

· FFS for the values of introducing performance requirements

· Random Precoding, per slot, per 2RBs (codebook configuration Single panel Type 1)

· Note: FFS for test set-up for introducing PDSCH performance requirements


PDSCH mapping types
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. However, taking into account limited timelines for Rel-15 NR performance part we suggest to focus on PDSCH mapping Type A and consider PDSCH tests cases with Type B mapping with lower priority.
PRB bundling
Three possible PRB bundling sizes are defined in Rel-15: {2, 4, wideband}. Two PRB bundling is considered as a default option and other configurations can be configured by higher-layer parameter prb-BundlingType. In Figure 2 we show simulation results with analysis of channel estimation granularity impact on the PDSCH demodulation performance. The results are provided for the case of DMRS pattern Type 1 with 1 additional DMRS. It may be observed that in case of using 2 and 4 PRB channel estimation granularity relatively small performance loss vs genie channel estimation case is achieved (0.6-0.9 dB loss for QPSK, 0.3-0.4 dB for 16QAM and 64QAM). Also, we can observe that WB channel estimation processing does not bring sufficient performance improvement comparing to 4 PRB channel estimation processing. Therefore, using WB bundling may not bring benefits in term of UE performance and we suggest to define the Rel-15 requirements under assumption of 2 or 4 PRB bundling assumption.
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	Figure 2. PRB bundling impact on PDSCH performance


Proposal #2:
For Rel-15 consider definition of PDSCH mapping Type A requirements as first priority and PDSCH mapping Type B as second priority.
Proposal #3:
For Rel-15 define minimum PDSCH performance requirements under assumption of 2 and 4 PRB bundling
2.3 HARQ mechanisms
The following agreements on HARQ assumption were made in [1]:
	· HARQ parameters and RV sequence

· FDD: Max number HARQ transmission 4

· RV sequence for alignment simulation purpose:

· Option 1: {0, 1 ,2,3} for QPSK and 16QAM and {0,0,1,2} for 64QAM and 256QAM

· Option 2: {0, 2, 3,1} for all the modulation orders


The maximum number of HARQ processes for PDSCH 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 (time b/w HARQ A/N RX and PDSCH TX) is roughly same as UE processing time, the minimum delay between initial PDSCH transmission and retransmission for scenarios with additional DMRS is equal to 26 symbols (~ 2 slots) for 15 kHz and 30 kHz SCS, and 40 symbols (~ 3 slots) for 60 kHz SCS. Therefore, 4 HARQ processes can be used for FR1 FDD test cases providing substantial RTT reduction comparing to LTE.
Table 1. PDSCH processing time for PDSCH processing capability 1
	
[image: image6.wmf]m


	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


Based on agreements from previous RAN4 meeting the RV sequence for requirements definition is FFS. In Figure 3 we provide simulation results for scenarios with QPSK, 16QAM and 64QAM. It may be observed that RV sequence {0, 2, 3, 1} provides same or better performance in comparison with other sequences and suggested to be used for requirements definition.
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	Figure 3. RV sequence impact on PDSCH performance.


In addition to a 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 HARQ ACK/NACK for groups of the code blocks in a TB and gNB makes PDSCH retransmission for the respective CBGs. CBG HARQ retransmission is one of important NR features and respective requirements shall be introduced. Same time taking into account limited time for Rel-15 NR PDSCH requirements definition, we suggest to focus of TB-based HARQ and define CBG-based HARQ once the base TB-based requirements are defined.
Proposal #4:
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
· Redundancy version coding sequence: {0, 2, 3, 1} for the all modulation orders.
· TB-based HARQ is the first priority, CBG-based HARQ is the second priority.

2.4 Reference signals

The following agreements on RS were made in the previous meeting [1]:
	· DMRS configuration

· Candidate options for defining performance requirements:

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

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

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

· For initial alignment simulation purpose:

· Type 1, 1 symbol FL DMRS 1 additional symbol for FR1

· Type 2, 1 symbol FL DMRS 2 additional symbol for FR2

· Type 1, 1 symbol FL DMRS 1 additional symbol for FR2

· Note: Detailed test configurations for non-slot test cases if any in FR2 FFS

· PTRS

· PTRS is configured when introducing performance requirements in FR2

· For initial simulation purpose:

· Using Phase noise model in TR 38.803 models for initial simulation purpose

· PTRS configuration (port 1, per 2PRB in frequency domain, per symbol in time domain)

· TRS

· TRS configured when introducing performance requirements for both FR1 and FR2

· FFS for detailed configuration of TRS configuration 

· Option 1 for information:

· FR1:  periodicity 20 ms , power boosting [6dB], 2 slots

· FR2: periodicity 10 ms , power boosting [6dB], 2 slots

· Other options are not excluded


DMRS
In Figure 4 we provide performance analysis for different DMRS patterns for scenarios with QPSK (MCS4) and 64QAM (MCS24), 10 MHz CBW and 15 kHz SCS. The results are provided for different channel models. The main observations are as follows:
· For the fixed MCS different DMRS patterns result in different throughput performance

· Performance degradation of practical channel estimation in comparison with genie channel estimation is less for scenarios with 1 or 2 additional DMRS symbols in comparison with scenarios without additional DMRS
· PDSCH performance is very poor for scenarios without additional DMRS for the case with 300 Hz maximum Doppler
· Type 1/2 DMRS provide comparable performance.

So, we propose to use “Type 1 with 1 or 2 additional DMRS” as baseline and further study more suitable pattern for final requirements settings depending on the particular agreed channel propagation conditions.
	10MHZ, SCS 15 kHz, QPSK, TDL–A (30 ns, 10 Hz)
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	10MHZ, SCS 15 kHz, QPSK, TDL–A (600 ns, 10 Hz)
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	10MHZ, SCS 15 kHz, QPSK, TDL–A (30 ns, 300 Hz)
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	20MHZ, SCS 30 kHz, QPSK, TDL–A (30 ns, 10 Hz)
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	20MHZ, SCS 30 kHz, QPSK, TDL–A (600 ns, 10 Hz)
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	Figure 4. PDSCH performance comparison for different DMRS types


Proposal #5:
For Rel-15 PDSCH requirements use “Type 1 DMRS with 1 or 2 additional symbols” as baseline DMRS configuration and further study more suitable pattern for final requirements settings depending on the agreed propagation conditions
TRS 
In the previous RAN4 meeting it was agreed that TRS will be configured for FR1 and FR2 performance requirements. We suggest to use 2 slots pattern with periodicity 10 or 20 ms and 1 slot offset to avoid collision of TRS with SSB/PBCH. No TRS power boosting is considered.
Proposal #6:
For Rel-15 PDSCH performance requirements use the following TRS configuration: 2 slots pattern, periodicity 10 or 20 ms, offset 1 slot, 0 dB boosting.

2.5 Performance metric

The following agreements were on PDSCH performance metrics were made in [1]:
	· Test metric

· At least for FR1: Reuse LTE metric as throughput vs. SNR 

· Test point: 70% (normal demodulation test cases)

· FFS for other test point(s) of some specific test cases

· FFS for test metric for URLLC specific test cases if any


Based on previous agreement 70% of maximum throughput value will be used for normal demodulation test case. In LTE some of the initial Rel-8 requirements were defined for 30% max throughput test point and similar type of requirements were proposed to be defined for NR. The purpose of such requirements is to verify that UE performs HARQ combining in case of multiple (>2) HARQ retransmissions. Same time, the probability of such conditions in the field is negligible. For eMBB use cases UE CQI reporting BLER target is 10%. In addition, gNB OLLA algorithms are expected to ensure that average BLER for the UE is maintained at pre-defined level which is typically in the range of 10%. Hence, the probability of multiple HARQ retransmissions is relatively very small. So, it is suggested to define requirements only for 70% of maximum throughput level in eMBB use case.
Proposal #7:
Use only 70% on maximum throughput as test point for Rel-15 PDSCH requirements definition
2.6 SDR testing

The purpose of LTE SDR tests is “to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated.” In accordance to the LTE SDR methodology UE is required to pass the SDR tests for a single CA bandwidth combination among all supported CA configurations with bandwidth combination and MIMO layer on each CC that leads to largest equivalent aggregated bandwidth among all CA bandwidth combinations supported by UE. On other words, UE is required to pass the SDR test for the CA combination providing the highest aggregated throughput. 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, support of 256QAM modulation and particular UE category. 
In NR, the maximum aggregated and per-carrier data rates depend on the UE capabilities. In particular, as a part if UE capabilities signalling, 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. gNB can calculate the maximum peak rate using the following equation [TS 38.306]:
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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}. So, for NR the SDR test purpose can be defined as follows: “to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities.” Following the LTE principles, UE may be required to pass the SDR tests for CA and UE capabilities combination, which leads to the largest data rate. However, such testing approach may challenging in terms implementation due to high amount of parameters. For instance, for FR1 there are 29 possible SCS/CBW combinations, 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 there are 7 combinations for SCS/CBW, 1 capability on maximum number of MIMO layers (i.e. 2), and 4 scaling factors. Therefore, in order to ensure completely flexible SDR testing a very large number of FRCs shall be defined. In total, ~400 FRCs are needed for FR1 and ~30 FRCs for FR2. Defining all FRCs will require substantial difficulties and such approach may require a lot of maintenance efforts in the future. Therefore, a unified approach to derive the FRC is needed. For instance, RAN4 may further define the common parameters applicable to all the tests and define the MCS to be used for different MIMO layer / modulation / scaling factor combinations. The TBS calculation procedure can be skipped and moved to the TE.
Proposal #8:
Use the following SDR test methodology:
· SDR test purpose: “verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities.”
· Further discuss the methodology to define the MCS for SDR tests based on the indicated UE capabilities.

2.7 List of test cases for NR PDSCH minimum performance requirements

In Table 2 and Table 3 we provide our view on NR PDSCH performance requirements.
Table 2. FR1 PDSCH performance requirements

	Test number
	CBW/SCS
	Antenna configuration
	Antenna correlation
	MCS
	Number of layer

	1
	40 MHz / 30 kHz
	2Tx 2Rx
	Low
	QPSK, MCS4
	1 layer

	2
	
	2Tx 4Rx
	Low
	
	

	3
	20 MHz / 30 kHz
	2Tx 2Rx
	Low
	256QAM, MCS24
	1 layer

	4
	
	2Tx 4Rx
	Low
	
	

	5
	20 MHz / 30 kHz
	2Tx 2Rx
	Low for LMMSE

Medium for RML
	16QAM, MCS13
	2 layers

	6
	
	2Tx 4Rx
	
	
	

	7
	10 MHz / 15 kHz
	2Tx 2Rx
	Low
	64QAM, MCS24
	2 layers

	8
	
	2Tx 4Rx
	Low
	
	

	11
	10 MHz / 15 kHz
	4Tx 4Rx
	Low for LMMSE

XPL Medium A for RML
	16QAM, MCS13
	4 layers


Table 3. FR2 PDSCH performance requirements

	Test Number
	CBW/SCS
	Antenna cfg
	MCS
	Number of layer

	1
	200MHz/120kHz
	1Tx 2Rx Low
	QPSK MCS 4
	1 layer

	2
	100MHz/60kHz
	1Tx 2Rx Low
	64QAM MCS 24
	1 layer

	3
	100MHz/120kHz
	2Tx 2Rx Low
	16QAM MCS 13
	2 layers


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 LMMSE-IRC and R-ML performance requirements for intra-cell SU-MIMO scenarios. 
Proposal #2:
For Rel-15 consider definition of PDSCH mapping Type A requirements as first priority and PDSCH mapping Type B as second priority.

Proposal #3:
For Rel-15 define minimum PDSCH performance requirements under assumption of 2 and 4 PRB bundling
Proposal #4:
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
· Redundancy version coding sequence: {0, 2, 3, 1} for the all modulation orders.

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

Proposal #5:
For Rel-15 PDSCH requirements use “Type 1 DMRS with 1 or 2 additional symbols” as baseline DMRS configuration and further study more suitable pattern for final requirements settings depending on the agreed propagation conditions
Proposal #6:
For Rel-15 PDSCH performance requirements use the following TRS configuration: 2 slots pattern, periodicity 10 or 20 ms, offset 1 slot, 0 dB boosting.

Proposal #7:
Use only 70% on maximum throughput as test point for Rel-15 PDSCH requirements definition
Proposal #8:
Use the following SDR test methodology:

· SDR test purpose: “verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities.”
· Further discuss the methodology to define the MCS for SDR tests based on the indicated UE capabilities.
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