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1   Background
In the RAN4 #99-e meeting, a Way Forward [1] has been approved to determine the parameter configurations of MMSE-IRC receiver in intra-cell inter-user interference scenarios, but there are still some open issues left. In this contribution, we are going to provide our discussions on these open issues.
2   Discussion

Antenna Configuration

For the number of Tx antennas, the following candidate options are captured from the agreed WF [1]:
	· Antenna configuration

· Keep previous meeting agreements

· Using 2Tx and 4Tx with random PMI for target UE as starting point for initial simulation

· Other options not excluded 

· Interested companies can bring analysis with 8Tx and 16Tx cases with following PMI for target UE


Considering that a large number of Tx antennas can undoubtedly introduce significant test cost/complexity and the computational complexity in deriving the precoding matrix by the TE, we would propose that 8/16Tx should not be considered for defining the performance requirements on MMSE-IRC. Additionally, defining the requirement for following PMI requires tested UE to correctly report CSI feedback, but this behaviour has been verified by corresponding Rel-16 tests. Considering our test purpose is to verify the performance of MMSE-IRC receiver rather than CSI feedback, it is better not mix the test of CSI reporting and PDSCH performance with MMSE-IRC receiver. We propose to only define the requirements for 2TX and 4TX with random PMI for target UE.
Proposal 1: Only consider 2TX and 4TX with random PMI for target UE.
Number of Paired UEs
For the number of paired UEs, the following candidate options are captured from the agreed WF [1]:
	· Number of paired UEs

· 2 and 4 Tx

· 1 target UE + 1 interference UE 

· 8 and 16 Tx (if introduced)

· Option 1: 3 paired UEs

· Option 2: 1 target UE + 1 interference UE

· Option 3: Use 1 target UE + 1 interference UE as starting point for initial simulation, and interested companies can bring analysis on scenarios of interference UE more than 1

· Note: further discuss based on the outcome of issue Tx antenna configuration


Since we suggest to define performance requirements for 2Tx and 4 Tx cases, so 1target UE + 1 interference UE is our preference.

Proposal 2: Consider 1 target UE + 1 interference UE for performance requirement definition.
Codebook Type 

For the codebook type, the following candidate options are captured from the agreed WF [1]:
	· Codebook Type 

· For 2Tx and 4Tx with random precoding 

· Consider Type I SP codebook 

· For more than 4Tx or feedback based precoding (If introduced)

· Option 1: Type II codebook for 16Tx

· Option 2: Type I SP

· Other option not precluded


Based on our understanding, Type II SP codebook has obvious performance gain only for larger number of TX. Since we only consider 2TX and 4TX, we prefer to only define the requirements for Type I SP codebook. 
Proposal 3: Consider Type I SP codebook only for performance requirement definition.
Precoder Selection
For the codebook type, the following candidate options are captured from the agreed WF [1]:
	·    Precoder selection for target UE

· Random for 2 and 4Tx cases

· Further discuss for 8 and 16Tx in case such scenarios will be agreed

· Precoder selection for interference UE

· 2 and 4 Tx

· Prioritize option 1 and 2 for phase I evaluation

· Option 1: Select the precoder to ensure orthogonality

· Option 2: Random ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test

· Option 3: Fixed

· 8 and 16 Tx(If introduced)

· Option 1: Select the precoder to ensure orthogonality


Similar to LTE MU-MIMO test cases, we propose to use a randomly selected precoding matrix for the interference UE. This precoding matrix should not be identical to the precoding matrix applied for the target UE (Option 2) for defining performance requirements. The reason is that it is impractical for the base station to always schedule orthogonal precoding matrix for all the paired UEs, especially when there are large number of paired UEs. Moreover, random precoding matrix selection can reduce the complexity for TE.
As per our simulation results [2], we can observe that the target SNR is still in a reasonable range and the gain between MMSE-IRC and MMSE-MRC is obvious for random precoding matrix. Therefore, from the perspective of performance, it is reasonable to use random precoding matrix generation for performance requirements definition for MMSE-IRC receiver.

Observation 1: The target SNR is in a reasonable range and corresponding gain between MMSE-IRC and MMSE-MRC is obvious for random precoding matrix generation
Proposal 4: Define the intra-cell inter-user interference requirements with a randomly selected precoding matrix that is not identical.
Precoding Granularity and PRB Bundling Size

For the precoding granularity and PRB bundling size, the following candidate options are captured from the agreed WF [1]:
	· Precoding granularity

· 2 PRBs for 2 and 4Tx cases

· Further discuss for 8 and 16 Tx in case such scenarios will be agreed

· PRB bundling size

· 2 PRBs for 2 and 4Tx cases

· Further discuss for 8 and 16 Tx in case such scenarios will be agreed


We propose to use 2PRBs for precoding granularity and PRB bundling size since we have proposed to only consider 2TX and 4TX.
Rank, DMRS Ports and MCS
For the rank configuration and corresponding DMRS ports configuration, the following candidate options are captured from the agreed WF [1]:
	· Rank for target and interference PDSCH

· Consider [1+1], [2+1] and [2+2] for phase I evaluation and make further down selection based on the simulation

 results 
· DMRS ports for 1 target and 1 interfering UE scenario 

· Consider Option 1A, 1B and 2A for phase I evaluation

· Options:

· Option 1A: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group

· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 

· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs


For propagation conditions, we propose to use TDLC300-100. If tested UE pass the case with TDLC300-100, it can also pass TDLA30-10.

Proposal 5: Only consider TDLC300-100 for performance requirement definition.
For rank allocation, we agree that these three configurations are very typical in real scenarios. However, from the test coverage view, we propose to define the requirements for rank allocations [1+1] and [2+1]. The reasons are provided in the following.
For rank [1+1], we copy the observations listed in [2] as follows:
	· Observation 1: MMSE-IRC have the similar performance with MMSE-MRC in cases with MCS=4.  For MCS=13, performance for MMSE-MRC has serve degradation and the relative throughput can’t reach 70% of peak value. 

· Observation 2: RE-IRC (MMSE-IRC with joint detection) have large performance gain in cases with TDLC300-100, MCS 13. In other cases, the gain is small.

· Observation 3: Similar performance can be observed between rank 1+1 with same CDM group and different CDM groups.


Firstly, we propose to only define MCS 13, because we observe that there is very small performance gain between MMSE-IRC and MMSE-MRC for MCS 4.
Secondly, we propose to define rank [1+1] with the same CDM group considering that the case with different CDM group has been defined in rank [2+1]. Moreover, similar performance gain is seen both for same CDM group and different CDM group for rank [1+1]. 

For rank [2+1], we copy observations listed in [2] as follows:

	· Observation 5: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 

· Observation 6: RE-IRC has large performance gain for TDLC300-100. In other cases, the gain is small.

· Observation 7: 1.59dB~3.94dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.


We observe that a large performance gain is seen between MMSE-IRC and MMSE both for MCS 13 and MCS 19. However, from the test coverage view, we propose to only consider MCS 19 for performance requirement definition. The reason is that there is no difference of the process of suppressing interference in MMSE-IRC for different MCSs. Therefore, there is no need to define performance requirements for all MCSs. Moreover, it is safe to consider MCS 19 for performance requirement definition since the modulation is higher than that of MCS 13. In other words, if the UE has the capability to process the interference using MMSE-IRC for MCS 19, it must also have the capability in the case of MCS 13.
For rank [2+2], we copy observations listed in [2] as follows:
	· Observation 8: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 

· Observation 9: Relative throughput of MMSE-IRC can’t reach 70% of peak value for TDLC300-100.

· Observation 10: 3.48dB~5.33dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.

· Observation 11: RE-IRC has large performance gain for TDLC300-100 compared to other types of receivers. In other cases, the gain is small.


From the Observation 9 in [2], we found that for MCS 19, the performance of the target UE suffers from severe degradation. Therefore, we propose not to select rank [2+2], since not all MCSs can be considered in this case. Additionally, we agree that both rank 1 and rank 2 for transmission of the target UE should be considered. If we define performance requirement definition for rank [2+1], there is no need to consider rank [2+2], since there is no difference of the MMSE-IRC receiver when processing the interference for rank [2+1] and for rank [2+2].
To summarize, our proposal on the rank and MCS configuration is listed in the following:

Proposal 6: Define the requirements for rank [1+1] and rank [2+1] in TDLC300-100 with following conditions:

· For rank [1+1] (same CDM group): Use MCS 13

· For rank [2+1]: Use MCS 19

Scrambling ID
For DMRS pattern and sequence for all co-scheduled UEs, the following candidate options are captured from the agreed WF [1]:
	· DMRS pattern and sequence for all co-scheduled UEs
· Prioritize on scenarios with following configurations for phase I evaluation
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Interested companies can evaluate the performance between configuring same or different scrambling ID


It is obvious that scrambling ID mainly affect the channel estimation when target UE and interference UE are in the same CDM group. In order to verify the performance with different scrambling IDs, we did a simulation for rank 1+1 with the same CDM group, TDLC300-100 and random precoding matrix for MMSE-IRC, related simulation results are shown in Figure 2.1-1..  

Based on the simulation results, we can observe that the performance with different scrambling ID is about 1 dB degradation compared to that with same scrambling ID. The reason is that the DMRS sequence is non-orthogonal to each other if different scrambling ID is used. 
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Figure 2.1-1: Simulation results for rank 1+1 with same/different scrambling ID

Observation 2: DMRS sequence is non-orthogonal to each other if different scrambling ID is used and 1dB performance degradation can be observed for rank 1+1 with same CDM group.
Additionally, in Rel-15 PDSCH test cases, IE scrambling0 and scrambling1 are not configured and scrambling ID for DMRS is equal to cell ID 0. In Rel-17, there is no reason to configure this higher signalling that will increase the test complexity and reduce the performance.
Proposal 7: Define the intra-cell inter-user interference requirements with the same scrambling ID for co-scheduled UEs.
Candidate Receiver
For the candidate receiver, the following candidate options are captured from the agreed WF [1]:
	· Candidate Receiver

· Prioritize MMSE-IRC processing with serving signal demodulation for Phase I evaluation

·     Interested companies can check the benefits of MMSE-IRC processing with joint demodulation     


We evaluate the performance gain of the joint demodulation method (referred to “RE-IRC” in all figures) compared to the MMSE-IRC receiver in [1]. Considering the complexity of MMSE-IRC with joint demodulation and the minimum performance requirements to be defined, we suggest to consider MMSE-IRC as the reference receiver only.
Proposal 8: Define the intra-cell inter-user interference requirements using the MMSE-IRC as the reference receiver.
Interference Estimation for Cases with 2 DMRS CDM Group
For the interference estimation for cases with 2 DMRS CDM group, the following candidate options are captured from the agreed WF [1]:
	· Interference estimation for cases with 2 DMRS CDM group 

· Keep it up to UE implementation
· Interested companies can bring analysis on different options 


We prefer to keep it up to UE implementation. If large span is observed among companies, maybe further discussions are required for cases with 2DMRS CDM group. 

Proposal 9: Keep it up to UE implementation for cases with 2 DMRS CDM group. If large span is observed among companies, maybe further discussions are required. 
Interference Estimation Granularity

For the interference estimation granularity, the following candidate options are captured from the agreed WF [1]:
	· Interference estimation granularity

· Keep it up to UE implementation

· Interested companies can bring analysis on different options  


It is analysed that the process of suppressing interference in MMSE-IRC receiver is irrelevant to the interference estimation granularity. The interference estimation granularity only depends on the characteristics of fading channels. For severe fading channels, smaller interference estimation granularity is expected to achieve better demodulation performance. To this end, we suggest that the configuration of interference estimation granularity should be kept up to UE’s implementation. 
Proposal 10: Keep it up to UE implementation for interference estimation granularity for the intra-cell inter-user interference requirements definition.
Network Assistance
For the network assistance, the following candidate options are captured from the agreed WF [1]:
	· Network assistance 

· FFS on whether considering network assistance

· Companies are encouraged to investigate the pro’s and con’s in the next meeting in order to make decision   


It is analyzed that the process of suppressing interference in MMSE-IRC does not need to perform channel estimation and data detection of the interference UE. Moreover, introducing network assistance requires changes in RAN 1. Therefore, we propose not to introduce network assistance.

Proposal 11: Not introduce network assistance for the intra-cell inter-user interference requirements definition.
QCL Assumptions

For the QCL assumptions, the following candidate options are captured from the agreed WF [1]:
	· QCL assumptions

· Option 1: Assume different QCL information for different CDM groups for studying scenarios with target and interfering UEs on different CDM groups.

· Option 2: Same QCL assumption
· Option 3: No need to consider and specify the QCL assumptions if we agree on using baseline reference receiver.

· Apple request clarification, Intel need time to check  


We observe that there is no restrictions on the QCL assumptions for paired UE configured in different CDM groups. For the sake of simplifying the test, we propose to use the same QCL information for different CDM groups for defining the demodulation performance requirements. 
Proposal 12: Assume the same QCL information of different DMRS CDM groups configured for co-scheduled UEs.
Channel Bandwidth

For the channel bandwidth, the following candidate options are captured from the agreed WF [1]:
	· Channel bandwidth

· Option 1:

· For FDD 15kHz SCS: Cover 10MHz and 50MHz CBW

· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW

· Option 2: 

· For FDD 15kHz SCS: Cover 10MHz

· For TDD 30kHz SCS: Cover 40MHz 

· Option 3:

· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW

· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW

· Option 4: Different assumptions for evaluation phase and for requirements definition can be considered


Note that the process of suppressing interference of MMSE-IRC remains the same for any CBW and for FDD/TDD. From our simulation results, we observe that the trends of relative performance gain of MMSE-IRC compared to MMSE-MRC for different CBWs both in TDD and FDD are all similar. Moreover, the capability of UE to support larger CBW has already been tested for CA cases. Therefore, we suggest to consider the typical channel bandwidth only, i.e., 10MHz for 15kHz SCS in FDD. 

Proposal 13: Define the intra-cell inter-user interference requirements for channel bandwidth and SCS:

· FDD: 10MHz for 15kHz SCS
· TDD: 40MHz for 30kHz SCS
MIMO Correlation
For the MIMO correlation, the following candidate options are captured from the agreed WF [1]:
	· MIMO correlation for each UE

· Consider ULA Low and XP Low for further phase I evaluation


The simulation results for different MIMO correlation are captured in Figure2.1-2. In this simulation, rank [2+2], MCS19, random precoding matrix are used. 
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(a) TDLA30-10, MCS 19
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(b) TDLC300-100, MCS 19


Fig.2.1-2: Simulation results for different MIMO configurations
We can observe that XPL Low has the similar performance with ULA Low. Considering that XP is usually used in 4TX and ULA is usually used in 2TX, we have the following proposal:
Proposal 14: Use ULA for 2TX (i.e. rank 1+1) and XPL for 4TX (i.e. rank 2+1 and rank 2+2).
3   Conclusion and Proposals
In this contribution, we share our simulation results and views on the definition of requirements for MMSE-IRC in scenarios with intra-cell inter-user interference. In the following, we summarize our observations and proposals. 
In summary, our observations are:
Observation 1: The target SNR is in a reasonable range and corresponding gain between MMSE-IRC and MMSE-MRC is obvious for random precoding matrix generation.
Observation 2: DMRS sequence is non-orthogonal to each other if different scrambling ID is used and 1dB performance degradation can be observed for rank 1+1 with same CDM group.
Our proposals:
Proposal 1: Only consider 2TX and 4TX with random PMI for target UE.
Proposal 2: Consider 1 target UE + 1 interference UE for performance requirement definition.
Proposal 3: Consider Type I SP codebook only for performance requirement definition.
Proposal 4: Define the intra-cell inter-user interference requirements with a randomly selected precoding matrix that is not identical.

Proposal 5: Only consider TDLC300-100 for performance requirement definition.
Proposal 6: Define the requirements for rank [1+1] and rank [2+1] in TDLC300-100 with following conditions:

· For rank [1+1] (same CDM group): Use MCS 13

· For rank [2+1]: Use MCS 19
Proposal 7: Define the intra-cell inter-user interference requirements with the same scrambling ID for co-scheduled UEs.
Proposal 8: Define the intra-cell inter-user interference requirements using the MMSE-IRC as the reference receiver.
Proposal 9: Keep it up to UE implementation for cases with 2 DMRS CDM group. If large span is observed among companies, maybe further discussions are required. 
Proposal 10: Keep it up to UE implementation for interference estimation granularity for the intra-cell inter-user interference requirements definition.
Proposal 11: Not introduce network assistance for the intra-cell inter-user interference requirements definition.
Proposal 12: Assume the same QCL information of different DMRS CDM groups configured for co-scheduled UEs.
Proposal 13: Define the intra-cell inter-user interference requirements for channel bandwidth and SCS:

· FDD: 10MHz for 15kHz SCS
· TDD: 40MHz for 30kHz SCS
Proposal 14: Use ULA for 2TX (i.e. rank 1+1) and XPL for 4TX (i.e. rank 2+1 and rank 2+2).
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