[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 108	R4-2311350
Toulouse, France, August 21 – August 25, 2023
Agenda item:	8.7.4.2
Source:	Apple
Title:	Performance Evaluation of PDSCH with multi-RX in FR2
Release:	Rel-18
Document for:	Discussion

1. Introduction 
In RAN4#107 demodulation requirements for multi-RX in FR2 were discussed and way forward [1] was agreed.  In this contribution we present our views on PDSCH requirements and initial simulation results for PDSCH performance evaluation with multi-RX reception on the DL in FR2.   
2. Discussion
In RAN4#107 the following agreements were made and captured in [1]:
	Issue 2-1-1: Channel model
Agreement 
· At least consider TDLA30-75 for 100 MHz/120 kHz
· FFS TDLA30-300 for 100 MHz/120 kHz.
Issue 2-1-3: PTRS Port for mDCI schemes
Agreement: 
· One PTRS port per TRP for mDCI schemes

Issue 2-1-4: Time offset between TRPs
Agreement: 
· Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us}.
· Further discuss which time offset to be used with certain configurations.

Issue 2-1-5: Frequency offset between TRPs
Agreement: 
· Assume 600Hz frequency offset between TRPs 




For PDSCH requirements with multi-RX the following open issues related to PTRS were discussed:


Issue 2-1-2: PTRS Port for sDCI schemes
<Way forward >
· Proposals
· Option 1: One PTRS port per TRP for sDCI schemes
· Option 2: One PTRS port for sDCI SDM based scheme.
Issue 2-1-6: PDSCH rate matching in mTRP transmission
<Way forward >
· Proposals
· Option 1: PT-RS allocation does not overlap with PDSCH allocation per TRP.
· Option 2: PT-RS allocation does not overlap with any PDSCH allocation.

For sDCI SDM scheme additional UE capability supportTwoPortDL-PTRS-r16 is needed. If 1 PTRS port per TRP is configured, then additional UE capability is needed for UE to support the test. On the other hand, not configuring 1 PTRS port per TRP might result in some performance degradation depending on the chosen MCS and operating SNR for the test case.
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Observation #1:  For sDCI SDM scheme configuring 1 PTRS port per TRP needs additional UE capability for the test.
Observation #2:  Not configuring 1 PTRS port per TRP might lead to performance degradation depending on test configuration.
We propose to further evaluate if 1 PTRS port is sufficient for sDCI SDM test cases once the test configuration is finalized. 
Proposal #1:  Evaluate if 1 PTRS port for sDCI SDM test is sufficient for the agreed test configuration. 
For multi-DCI requirements, it was agreed that PT-RS will be configured per TRP. If overlapping PDSCH allocation is being configured, without rate-matching there will be interference on PDSCH and PTRS across TRPs. Currently there is no provision to rate match the PDSCH around PTRS from the other TRP for multi-DCI. The scheduling DCI from each TRP is independent and there is no information on the PTRS from the other TRP. For single DCI if 2-port PTRSS is used, then the PDSCH would be rate matched  around  PTRS from both the TRPs, since its only 1 scheduling DCI.
Observation #3:  With overlapping PDSCH for multi-DCI the PDSCH from one TRP will cause interference on PTRS from another TRP and vice versa if PDSCH is not rate matched. 
Observation #4:  There is no provision in RAN1 to rate match PDSCH around PTRS from other TRP for multi-DCI transmission. 
Observation #5:  For single DCI the PDSCH will be rate matched around PTRS from both TRP.
For multi-DCI RAN4 has to further discuss the following:
Option 1: Evaluate performance with PTRS PDSCH overlap
Option 2: Introduce rate matching for PTRS from other TRP using ZP CSI-RS configuration

Proposal #2:  For Multi-DCI mTRP scenario RAN4 further discuss the following options:
Option 1: Evaluate performance with PTRS PDSCH overlap
Option 2: Introduce rate matching for PTRS from other TRP using ZP CSI-RS configuration

3. Simulation Results
We present initial performance evaluation results with different crosstalk levels for sDCI and mDCI transmission schemes agreed. The purpose of this evaluation is to understand the feasible test configurations for introducing requirements for multi-RX in FR2.  For initial evaluation of performance of PDSCH the following simulation parameters were used. 
· Single DCI SDM:
· MCS/Layers: 1+1 – MCS 17, 2+2 – MCS 13
· UE processing: Joint, separate processing
· Multi DCI Non overlapping:
· MCS/Layers: 2+2 – MCS 17 
· UE processing: separate processing
· Multi DCI Fully overlapping:
· MCS/Layers: 1+1 – MCS 17, 2+2 – MCS 13 
· UE processing: Joint, separate processing
· 
· Channel Model: TDLA30-75
· Cross talk values
·   = -100, -15, -12, -9, -6 dB
· SCS/CBW: 120KHz/100MHz
· Receiver assumption: MMSE-IRC

3.1 Multi-DCI Transmission Scheme

Separate processing
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Observations: 
· With separate processing, non-overlapping PDSCH performance is not impacted with different levels of crosstalk.
· For overlapping PDSCH, 1 layer per TRP is not severely degraded with crosstalk.
· For overlapping PDSCH with 2 layers per TRP, performance is severely degraded.

Observation #6:  Multi-DCI with non-overlapping PDSCH is not impacted by cross talk.
Observation #7:  Multi-DCI with 1 layer per TRP overlapping PDSCH is not severely impacted by cross talk with separate processing.
Observation #8:  Multi-DCI with 2 layers per TRP overlapping PDSCH is severely impacted by cross talk with separate processing.

Joint processing
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Observations: 
· For overlapping PDSCH joint processing is more robust to crosstalk.

Observation #9:  For multi-DCI with 1 or 2 layers per TRP overlapping PDSCH, joint processing is more robust to cross talk.



3.2 Single-DCI SDM Transmission Scheme

Joint processing
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Observations: 
· For overlapping PDSCH with single DCI SDM, joint processing is robust to crosstalk.
Observation #10:  For single-DCI SDM with 1 or 2 layers per TRP, joint processing is robust to cross talk.

4. PDSCH Requirements
Based on the results from initial performance evaluation, it is evident that joint processing is more robust to cross talk especially with overlapping PDSCH and 2 layers per TRP. Separate processing is more suitable when only 1 layer per TRP are configured with overlapping PDSCH, with lower crosstalk power or non-overlapping PDSCH is configured. 
Observation #11:  Joint processing is more robust to cross talk especially with 2 layers per TRP with overlapping PDSCH.
Observation #12:  Separate processing is suitable with non-overlapping PDSCH, and with 1 layer per TRP with overlapping PDSCH and low cross power levels.
It is also worth considering that joint processing would be additional UE complexity and will need additional UE capability. Also, the objective of this work item is to achieve 4-layer MIMO in FR2 which is only possible with 2 layers per TRP. 
Observation #13:  Joint processing is more complex for the UE and needs additional UE capability.
Observation #14:  Objective of the WI is to introduce requirements with 4 -layer MIMO in FR2 which is only feasible with 2 layers per TRP. 
To define requirements for PDSCH demod with multi-RX, we recommend the following configurations:
1. Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
2. Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
3. Single-DCI SDM with 1+1, Separate processing
4. Single-DCI SDM with 2+2, Joint processing

Proposal #3:  Define PDSCH demodulation requirements with multi-RX for the following configurations:
(1) Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
(2) Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
(3) Single-DCI SDM with 1+1, Separate processing
(4) Single-DCI SDM with 2+2, Joint processing

Proposal #4:  Introduce UE capability for joint processing.


5. Conclusion
In this paper, we provide our views on open issues on PDSCH demodulation requirements and initial performance evaluation results for multi-RX reception on the DL. Our observations and proposals are captured below:
On parameters for PDSCH requirements
Observation #1:  For sDCI SDM scheme configuring 1 PTRS port per TRP needs additional UE capability for the test.
Observation #2:  Not configuring 1 PTRS port per TRP might lead to performance degradation depending on test configuration.
Proposal #1:  Evaluate if 1 PTRS port for sDCI SDM test is sufficient for the agreed test configuration. 

Observation #3:  With overlapping PDSCH for multi-DCI the PDSCH from one TRP will cause interference on PTRS from another TRP and vice versa if PDSCH is not rate matched. 
Observation #4:  There is no provision in RAN1 to rate match PDSCH around PTRS from other TRP for multi-DCI transmission. 
Observation #5:  For single DCI the PDSCH will be rate matched around PTRS from both TRP.

Proposal #2:  For Multi-DCI mTRP scenario RAN4 further discuss the following options::
Option 1: Evaluate performance with PTRS PDSCH overlap
Option 2: Introduce rate matching for PTRS from other TRP using ZP CSI-RS configuration

Simulation Results
Observation #6:  Multi-DCI with non-overlapping PDSCH is not impacted by cross talk.
Observation #7:  Multi-DCI with 1 layer per TRP overlapping PDSCH is not severely impacted by cross talk with separate processing.
Observation #8:  Multi-DCI with 2 layers per TRP overlapping PDSCH is severely impacted by cross talk with separate processing.
Observation #9:  For multi-DCI with 1 or 2 layers per TRP overlapping PDSCH, joint processing is more robust to cross talk.
Observation #10:  For single-DCI SDM with 1 or 2 layers per TRP, joint processing is robust to cross talk.

PDSCH requirements
Observation #11:  Joint processing is more robust to cross talk especially with 2 layers per TRP with overlapping PDSCH.
Observation #12:  Separate processing is suitable with non-overlapping PDSCH, and with 1 layer per TRP with overlapping PDSCH and low cross power levels.
Observation #13:  Joint processing is more complex for the UE and needs additional UE capability.
Observation #14:  Objective of the WI is to introduce requirements with 4 -layer MIMO in FR2 which is only feasible with 2 layers per TRP. 
Proposal #3:  Define PDSCH demodulation requirements with multi-RX for the following configurations:
(1) Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
(2) Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
(3) Single-DCI SDM with 1+1, Separate processing
(4) Single-DCI SDM with 2+2, Joint processing
Proposal #4:  Introduce UE capability for joint processing.
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