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1. Introduction 
In RAN4#109 demodulation requirements for multi-RX in FR2 were discussed and way forward [1] was agreed.  In this contribution we present our views on general aspects for demod and CSI requirements with multi-RX reception on the DL in FR2.   
2. Discussion
In RAN4#109 we made several agreements for defining demod requirements for Multi-RX in DL in FR2. There were a few remaining open issues we address below - 
Issue 1-1-8: TxEVM.
· FFS for further study.
For simulation result alignment in RAN4 we use 6% EVM for up to 64QAM, since the requirements for multi-RX are with up to 64QAM modulation, we used 6% EVM in our performance evaluation. 
Observation #1:  6% EVM is used since Rel-15 for simulation results alignment up to 64QAM.
Observation #2:  Modulation order up to 64QAM is considered for demod requirements with multi-RX in FR2.
Proposal #1:  Assume 6% EVM for multi-RX demod requirements simulation results alignment. 

Issue 3-1-6: Reference Channel
· <way forward>
· Option 1: Use reference channels as presented in Table 2.3-1 for FR2 multi-Rx PMI reporting requirements.
· Option 2: Reuse the reference channel from TS38.101-4, section 6.3.2.1.7 with adaptation to 4 ports as starting point. Configure the codebook for 1 panel.
It was agreed in previous meetings to use the same configuration as PDSCH demodulation requirements for sDCI for PMI reporting requirements. We agreed to introduce 2 sets of requirements for sDCI with baseline capability of 1 PTRS port across 2 TRPs and one with enhanced capability of 1 PTRS port per TRP. Extending the same to PMI reporting, we should define 2 sets of requirements for PMI reporting with multi-RX with sDCI, with 2 different FRCs. Hence option 1 proposed by Huawei in [2] is a more viable option for FRC for PMI reporting with multi-RX.
Proposal #2:  Define 2 sets of requirements – (1) 1 PTRS port across TRPs (2) 1 PTRS port per TRP for PMI reporting with sDCI for multi-RX with applicability rule. 
Proposal #3:  The FRC tables for 2 sets of requirements should reflect the number of PTRS ports configured for the respective test cases.


Antenna Configuration for requirements 
For the demodulation requirements specified in TS 38.101-4, we specify an antenna configuration and a correlation matrix. For the multi-TRP requirements in Rel-16, they are specified per TRxP as shown below for sDCI and mDCI requirements in FR1– 
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For requirements with 2RX, the antenna configuration is 2x2, and for requirements with 4RX the antenna configuration is 2x4, where the antenna configuration is defined per TRxP.
Observation #3:  For Multi-TRP requirements in FR1 the antenna configuration are defined per TRP as 2x2 and 2x4 for 2RX and 4RX respectively.

For multi-RX requirements in FR2, we have 4RX at the UE, with 2RX per panel, but we don’t have the definition of panel in RAN4, hence we would need to define the antenna configuration per TRP to UE. Channel is generated based on specified the antenna configuration. The agreed correlation matrix is to be applied to the channel model generated. We see the following options possible for defining the antenna configuration for multi-RX in FR2:
Option 1:  2x2 per TRP to UE panel. With this option only 2 2x2 channels are generated. How we can further extend it to 4 2x2 channels or a 4x4 aggregate channel is unclear. Also, there is no definition or panel in RAN4 specification.
Option 2: 2x4 per TRP to UE. With this option 2 2x4 channels are generated and the correlation matrix can be applied on each of the channels. 
Option 3: 4x4 across 2TRP and UE. With this option the desired 4x4 channel is generated, but it would be strange to define antenna configuration across both TRP, since they are 2 different TRPs. 

Observation #4:  These are possibilities for defining the antenna configuration for Multi-RX in FR2:
Option 1: 2x2 per TRP to UE panel. It is unclear how we can extend to 4 2x2 channels with this option. Panel is undefined in RAN4.
Option 2: 2x4 per TRP to UE.  2 2x4 channels are generated and the correlation matrix can be applied on each of the channels.
Option 3: 4x4 across 2 TRP to UE. It’s not clear why we would define a channel /antenna configuration across both TRP, since they are separate. 

Based on the above observations, option 2 above is the most practical to define the antenna configuration and correlation matrix. 
Proposal #4:  Define the antenna configuration for multi RX demod and PMI requirements 2x4 per TRxP.

The correlation matrix is defined as a 16x16 matrix combining 2 TRPs and all RX. The correlation matrix would need to be defined as an 8x8 matrix applied per TRP to UE as follows:







where  is the re-arranged channel values per TRP-UE and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
· 
· 
· 
· 
· 

Proposal #5:  Define spatial correlation matrix per TRP to UE as follows:
For TRP1: 
For TRP2: 
Where is generated per TRP




3. Conclusion
In this paper, we provide our views on demod and PMI reporting requirements with multi-RX reception on the DL in FR2.   Our observations and proposals are captured below:

Observation #1:  6% EVM is used since Rel-15 for simulation results alignment up to 64QAM.
Observation #2:  Modulation order up to 64QAM is considered for demod requirements with multi-RX in FR2.
Proposal #1:  Assume 6% EVM for multi-RX demod requirements simulation results alignment. 
Proposal #2:  Define 2 sets of requirements – (1) 1 PTRS port across TRPs (2) 1 PTRS port per TRP for PMI reporting with sDCI for multi-RX with applicability rule. 
Proposal #3:  The FRC tables for 2 sets of requirements should reflect the number of PTRS ports configured for the respective test cases.
Observation #3:  For Multi-TRP requirements in FR1 the antenna configuration are defined per TRP as 2x2 and 2x4 for 2RX and 4RX respectively.
Observation #4:  These are possibilities for defining the antenna configuration for Multi-RX in FR2:
Option 1: 2x2 per TRP to UE panel. It is unclear how we can extend to 4 2x2 channels with this option. Panel is undefined in RAN4.
Option 2: 2x4 per TRP to UE.  2 2x4 channels are generated and the correlation matrix can be applied on each of the channels.
Option 3: 4x4 across 2 TRP to UE. It’s not clear why we would define a channel /antenna configuration across both TRP, since they are separate. 
Proposal #4:  Define the antenna configuration for multi RX demod and PMI requirements 2x4 per TRxP.
Proposal #5:  Define spatial correlation matrix per TRP to UE as follows:
For TRP1: 
For TRP2: 
Where is generated per TRP
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Table 5.2.2.1.11-3: Minimum performance

Bandwidth . . Reference value
(MHz) / Modulation | Propagation Correlation matrix Fraction of
Test Reference Subcarrier | format and | condition(Note and antenna i SNR
num. channel - configuration(Note | Maximum | g, N0
spacing code rate 1) throuaghput
2) ghp 3)
(kHz2) (%)
R.PDSCH.1- 64QAM,
1-1 32 FDD 10/15 050 TDLA30-10 2x2, ULA Low 70 20.7
R.PDSCH.1- 64QAM,
1-2 32 FDD 10/15 050 TDLA30-10 2x2, ULA Low 70 20.1
Note 1:  The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:  Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:  SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 with scaling factor as 1/sqrt(2) for

transmitted signal from each TRxP
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Table 5.2.2.1.12-3: Minimum performance

Bandwid Reference value
th (MHz) Modulati Correlation -
Test / on format Propagation matrix and Fraction
nu Reference channel Subcarri and code condition(No antenna ?f SNR
m. er rate te 1) configuration(N | maximum | (dB)(No
spacing ote 2) throughp te 3)
(kHz) ut (%)
TRxP #1 TRxP #2
R.PDSCH. | R.PDSCH. 64QAM,
1-1 1-3.3 FDD | 1-3.4 FDD 10/15 0.50 TDLA30-10 2x2, ULA Low 70 20.6
Note 1:  The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:  Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:  SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2





