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1. Introduction
In the RAN4#98-bis-e meeting, we first discussed the phase I initial evaluation assumptions for MMSE-IRC receiver for suppressing intra-cell inter-user interference, and the WF was agreed in [1].
In this paper, we give our views on the remaining open issues.
2. Parameters related to MU-MIMO interference modeling
Paired UE number and Tx antenna number
Status in the WF in [1]:
· Paired UE number
· Under 2Tx and 4Tx with random PMI for target UE, use 1 target UE + 1 interference UE as starting point for initial simulation
· For scenario of Tx more than 4, other options not precluded
· Interested companies can bring analysis on scenarios of interference UE more than 1
· Antenna configuration
· For Tx antenna number
· 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

In the last meeting, 2Tx and 4Tx with one paired UE has been agreed as a starting point for initial simulation assumption, with other options not precluded. 
As expressed in the last meeting, our concern is that the current simulation assumption is not practical for MU-MIMO scenario, in which more than 2 UEs are more likely to be scheduled and the BS is usually equipped with larger Tx antenna scales. 
Therefore, we think the practical scenario that 8Tx and 16Tx with 3 paired UEs should not be excluded for the phase I evaluation.
Proposal 1: Cover scenario that 8Tx and 16Tx with 3 paired UEs in addition to the current 2Tx and 4Tx with one paired UE for phase I evaluation.


Rank for target and interference PDSCH
Status in the WF in [1]:
· Rank for target and interference PDSCH
· Option 1: Rank 1 only for target UE and interference UE
· Option 2: Cover both rank 1 and rank 2 per UE
· Option 2A: [1+1], [2+2] for target UE and interference UE
· Option 2B: [1+1], [2+1] for target UE and interference UE
· Option 2C: [1+1], [1+2] for target UE and interference UE
· Note: Rank 2 only for 4RX case

For initial evaluation, we propose to cover both rank 1 and rank 2. Furthermore, for simplification purpose, we prefer to consider the same rank value for both target and paired UEs as listed below, and we can make down-selections later based on the simulation outcome:
· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 1 layer per UE.
· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 2 layers per UE.
· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 1 layer per UE.
· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 2 layers per UE.
Proposal 2: For phase I evaluation, cover both rank 1 and rank 2, and consider the same rank value for both target and paired UEs.

Codebook type, wideband/subband PMI and precoding granularity
Status in the WF in [1]:
· Codebook Type
· Option 1: Type I Single Panel only
· Option 2: Cover Type I Single Panel and Type II codebook
· Option 2A: For 2Tx and 4Tx, use Type I SP codebook. Type II precoder can also be applied for 4Tx
· PRB bundling size and precoding granularity
· For 2Tx and 4Tx
· Option 1: Per 2 PRBs for frequency domain and per slot for time domain
· Option 2: Per 4 PRBs for frequency domain and per slot for time domain
· For more than 4Tx (if introduced):
· Option 1:
· Wideband for 8Tx for target and paired UEs.
· For 16Tx, use subband precoding if it is feasible for TE to calculate ZF precoding matrix per subband
· Other option not precluded

Since Type II codebook is mainly designed for MU-MIMO scenario, to be more practical, we propose to cover both Type I and Type II codebook, and both wideband and sub-band PMI reporting should be included for initial evaluation. The precoding granularity (PRB bundling size) should be same with the configured CSI reporting sub-band size. As a result, we propose the following:
Proposal 3: For the currently agreed 2Tx and 4Tx, propose to use Type I wideband PMI for 2Tx and Type II sub-band PMI for 4Tx for all the target and paired UEs.
Proposal 4: For 8Tx, we suggest to use Type I wideband PMI for all the target and paired UEs, since it is a mandatory UE feature without capability. 
Proposal 5: For 16Tx, Rel-15/16 (e)type II codebook can be assumed with subband PMI.
Proposal 6: The precoding granularity and PRB bundling size is proposed to be equal to the configured CSI reporting sub-band size.

PMI selection and precoding matrix generation
Status in the WF in [1]:
· PMI selection and precoding matrix generation
· Option 1: Random based target UE PMI selection 
· Option 1A: Random selection based precoder generation with QRD orthogonalization processing as below
· Option 1B: Random PMI selection for the target UE, and select the precoder for the interference UE to ensure orthogonality
· Option 1C: Random PMI selection for both target and interference UE, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test
· Option 1D: Randomly select precoder from codebooks corresponding to number of MIMO layers equal to total number of MU MIMO layers (i.e. serving Rank + interference Rank) and take several columns from this precoder for serving UE signal and remaining columns for interference UE signal. 
· Option 2: Feedback-based target UE PMI selection
· Option 2A: If the feasibility can be confirmed by the TE vendor, use ZF precoding based on the reported PMI from the target UE, and the randomly generated PMI from the interference UE(s)
· Option 2B: Feedback-based PMI selection for the target UE, select the precoder for the interference UE to ensure the orthogonality 
· Option 2C: Feedback-based PMI selection for target UE, and random PMI selection for interference UE, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test 
· Option 3: Fixed precoding matrix for one or both co-scheduled UEs
· TE vendors’ feedback on the feasibility of the above options: 
· Keysight: 1A and 2A are of less feasibility. The preferences are in this order 3, 1C, 1B, 2B.
· R&S: 1A and 2A is very complex and not really feasible. Preference in order 3 > 1C >> 1B.
· Anritsu: Need more time to study.

For the target PMI selection and precoding matrix generation, in the last meeting, we mainly discussed 2 issues: one is to use feedback based or random based target PMI generation, and the other one is to use orthogonal or random precoding matrix generation.
In the last meeting, we proposed to use feedback-based target PMI selection plus ZF precoding mainly because it is widely used for practical MU-MIMO scenarios.
At last, we have decided to use random PMI selection for the target UE for 2Tx and 4Tx cases. However, given the fact that the channel of the paired UE is only reflected by its selected PMI, for 2Tx and 4Tx test cases, it is observed that none of the current options with random based target UE PMI selection can ensure low correlation between the target UE’s real channel and the selected paired UE PMI.
Since we have also decided to ensure low correlation between co-scheduled UEs, we propose to discuss how to ensure this low correlation with target UE random PMI selection, before we make decision on the precoding generation method.
For our proposed 8Tx and 16Tx cases, we still propose to use feedback based target PMI selection, and we propose to use orthogonal precoding (option2B) based on TE vendors’ feedback.
Observation 1: None of the current options with random based target UE PMI selection can ensure low correlation between the target UE’s real channel and the selected paired UE PMI.
Proposal 7: For 2Tx and 4Tx cases, discuss how to ensure low correlation between co-scheduled UEs, with target UE random PMI selection, before we make decision on the precoding generation method.
Proposal 8: For 8Tx and 16Tx cases, propose to use feedback based target PMI selection, and propose to use orthogonal precoding (option2B).

DMRS port assignment
Status in the WF in [1]:
· DMRS ports for 1 target and 1 interfering UE scenario 
· Option 1: only consider rank 1 transmission
· 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 2: consider both rank 1 and rank 2 transmission
· With [2,2] transmission for target UE and interference UE 
· DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE 
· With rank [1,2] or rank [2,1] transmission for the target UE and interference UE
· 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
· Option 2B: 
· For rank [1,2], DMRS port 0 for target UE, DMRS port 1 and 2 for the interference UE 
· For rank [2,1], DMRS port 0 and 1 for target UE, DMRS port 2 for the interference UE
· DMRS ports for 1 target and more than 1 interfering UE scenario (if introduced) (Further apply the agreement of rank)
· For rank 1 transmission,
· Option 1: DMRS port 0 for target UE, DMRS port i for the i-th interference UE (i = 1, 2,...) 
· For rank 2 transmission,
· with same rank number per UE, 
· Option 1: DMRS port 0/1 for target UE, DMRS port 2i and 2i+1 for the i-th interference UE e.g. use different CDM group for the target and interference UEs  

For the case where 1 target UE and 1 paired UE, and only rank 1 is configured for each UE, we are fine with either using the same or the different CDM group for the 2 UEs’ DMRS (option 1A or option 1B).
If we are introducing the case where 1 target UE and 1 paired UE, with rank [1,2] or rank [2,1] transmission for the target UE and interference UE, which is not our preferred configuration, we are ok with either using the same or the different CDM group for the 2 UEs’ DMRS (option 2A or option 2B).
When there are more than 2 co-scheduled UEs and rank 1 is configured for each UE, we should not assume that the target UE and paired UEs are using different CDM groups, because it is not a fair port assigment for all the co-scheduled UEs. So, in this case, we propose DMRS port 0 for target UE, DMRS port i for the i-th interference UE (i = 1, 2,...).
When there are more than 2 co-scheduled UEs and rank 2 is configured for each UE, we propose DMRS port 0/1 for target UE, DMRS port 2i and 2i+1 for the i-th interference UE e.g. use different CDM group for the target and interference UEs.
Proposal 9: For the case 1) where 1 target UE and 1 paired UE, and only rank 1 is configured for each UE, or 2) where 1 target UE and 1 paired UE, with rank [1,2] or rank [2,1] transmission for the target UE and interference UE, we are fine with either using the same or the different CDM group for the 2 UEs’ DMRS.
Proposal 10: When there are more than 2 co-scheduled UEs and rank 1 is configured for each UE, we propose DMRS port 0 for target UE, DMRS port i for the i-th interference UE (i = 1, 2,...).
Proposal 11: When there are more than 2 co-scheduled UEs and rank 2 is configured for each UE, we propose DMRS port 0/1 for target UE, DMRS port 2i and 2i+1 for the i-th interference UE e.g. use different CDM group for the target and interference UEs.

DMRS pattern and sequence for co-scheduled UEs
Status in the WF in [1]:
· Whether to use same DMRS pattern and the same sequence for all co-scheduled UEs
· Option 1: Use the same following DMRS configuration for all co-scheduled UEs
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Option 2: Different scrambling id for different CDM groups
· Option 3: No restriction for simulation

In the last meeting, there were companies propose to use the same DMRS configuration including DMRS type, DMRS additional position, scrambling ID and cell ID for all co-scheduled UEs. 
We support to use the same DMRS type and DMRS additional position for all co-scheduled UEs which is more simple and more typical configuration. We also support to use the same cell ID since this is a intra-cell MU-MIMO scenario.
For scrambling ID, we are ok with either same or different configuration, but we do not think we can have no restriction because scrambling ID is a network configuration and it will be the necessary test parameter.
Proposal 12: Propose to use the same cell ID, DMRS type and DMRS additional position for all co-scheduled UEs. 
Proposal 13: Propose to use either same or different scrambling ID for all co-scheduled UEs instead of having no restrictions.


3. Reference receiver
Interference estimation granularity 
For the granularity of interference covariance estimation in the reference receiver, in practical, since it is unknown whether the precoding matrix in the multiple contiguous PRBs for the co-scheduled UE(s) is the same, the estimation of interference covariance matrix can be performed at per PRB and per slot basis.
Observation 2: It is unknown whether the precoding matrix in the multiple contiguous PRBs for the co-scheduled UE(s) is the same.
Proposal 14: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.

Interference estimation for cases with 2 DMRS CDM group
For the cases where there are 2 DMRS CDM groups, the occupied REs for DMRS port 2/3/6/7 is different with DMRS port 0/1. Therefore, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.
Proposal 15: For cases with 2 DMRS CDM groups, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.

On network assistance
In the last meeting, there were companies propose to introduce network assistance to assist the receiver by informing the target UE with resource allocation, modulation order of paired UE. 
With the above extra information, target UEs can additionally do interference cancellation which will result in performance improvement. However, in our understanding, such dynamic information can only be conveyed by DCI but not RRC message, which means it will significantly impact other WGs. 
As a result, we suggest to carefully investigate the pro’s and con’s before considering network assistance.
Proposal 16: Suggest to carefully investigate the pro’s and con’s before considering network assistance.
4. PDSCH simulation parameters
Channel bandwidth
Status in the WF in [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

For the channel bandwidth, we propose to consider 10 MHz and 40 MHz for FDD 15kHz SCS, 40MHz and 100MHz for TDD 30kHz SCS.
Proposal 17: Cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.

5. Conclusions
The following proposals were given related to MU-MIMO interference modeling:
Proposal 1: Cover scenario that 8Tx and 16Tx with 3 paired UEs in addition to the current 2Tx and 4Tx with one paired UE for phase I evaluation.
Proposal 2: For phase I evaluation, cover both rank 1 and rank 2, and consider the same rank value for both target and paired UEs.
Proposal 3: For the currently agreed 2Tx and 4Tx, we propose to use Type I wideband PMI for 2Tx and Type II sub-band PMI for 4Tx for all the target and paired UEs.
Proposal 4: For 8Tx, we suggest to use Type I wideband PMI for all the target and paired UEs, since it is a mandatory UE feature without capability. 
Proposal 5: For 16Tx, Rel-15/16 (e)type II codebook can be assumed with subband PMI.
Proposal 6: Use the same precoding granularity (PRB bundling size) with the configured CSI reporting sub-band size.
Observation 1: None of the current options with random based target UE PMI selection can ensure low correlation between the target UE’s real channel and the selected paired UE PMI.
Proposal 7: For 2Tx and 4Tx cases, discuss how to ensure low correlation between co-scheduled UEs, with target UE random PMI selection, before we make decision on the precoding generation method.
Proposal 8: For 8Tx and 16Tx cases, propose to use feedback based target PMI selection, and propose to use orthogonal precoding (option2B).
Proposal 9: For the case 1) where 1 target UE and 1 paired UE, and only rank 1 is configured for each UE, or 2) where 1 target UE and 1 paired UE, with rank [1,2] or rank [2,1] transmission for the target UE and interference UE, we are fine with either using the same or the different CDM group for the 2 UEs’ DMRS.
Proposal 10: When there are more than 2 co-scheduled UEs and rank 1 is configured for each UE, we propose DMRS port 0 for target UE, DMRS port i for the i-th interference UE (i = 1, 2,...).
Proposal 11: When there are more than 2 co-scheduled UEs and rank 2 is configured for each UE, we propose DMRS port 0/1 for target UE, DMRS port 2i and 2i+1 for the i-th interference UE e.g. use different CDM group for the target and interference UEs.
Proposal 12: Propose to use the same cell ID, DMRS type and DMRS additional position for all co-scheduled UEs. 
Proposal 13: Propose to use either same or different scrambling ID for all co-scheduled UEs instead of having no restrictions.

The following proposals are given related to the reference receiver:
Observation 2: It is unknown whether the precoding matrix in the multiple contiguous PRBs for the co-scheduled UE(s) is the same.
Proposal 14: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.
Proposal 15: For cases with 2 DMRS CDM groups, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.
Proposal 16: Suggest to carefully investigate the pro’s and con’s before considering network assistance.

The following proposals are given related to basic PDSCH simulation parameters:
Proposal 17: Cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.
6. References
R4-2106118, Way Forward on MMSE-IRC for intra-cell inter-user interference, Huawei, RAN4 #98-bis-e, Apr 2021.
1

1


 


3GPP TSG


-


RAN WG4 Meeting #


9


9


-


e


 


R4


-


210


9138


 


Electronic Meeting, May. 19


-


27, 2021


 


 


Source:


 


China Telecom


 


Title:


 


On


 


UE 


MMSE


-


IRC


 


receiver for


 


intra


-


cell inter


-


user 


interference


 


suppression


 


Agenda Item:


 


9.11.2.2


 


Document for:


 


Discussion


 


1.


 


Introduction


 


In the RAN4#98


-


bis


-


e meeting, we first discussed the


 


phase I


 


initial evaluation assumptions for 


MMSE


-


IRC 


receiver for suppressing intra


-


cell 


inter


-


user interference, and the WF was agreed in


 


[1]


.


 


I


n this paper, we give our views on 


the remaining open issues.


 


2.


 


Parameters related to 


MU


-


MIMO interference


 


modeling


 


Paired UE number and T


x antenna 


number


 


S


tatus in the WF in [1]:


 


•


 


Paired UE number


 


–


 


Under 2Tx and 4Tx with random PMI for target UE, u


se 1 target UE + 1 interference UE as 


starting 


point for initial simulation


 


–


 


For scenario of Tx more than 4, other options not precluded


 


–


 


Interested companies can bring analysis on scenarios of interference UE more than 1


 


•


 


Antenna configuration


 


–


 


For Tx antenna number


 


•


 


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


 


 


I


n the last meeting, 2Tx and 4Tx with one paired UE has been agr


eed as a starting point for initial simulation 


assumption, with other options not precluded. 


 


As expressed in the last meeting, our concern is that the current simulation assumption is not practical for MU


-


MIMO scenario, in which more than 2 UEs are more l


ikely to be scheduled and 


the BS is usually equipped with 


larger Tx antenna scales.


 


 


T


herefore, we think the practical scenario that 8Tx and 16Tx with 3 paired UEs should not be excluded for the 


phase I evaluation


.


 


Proposal 


1


:


 


Cover scenario that 


8Tx and 16Tx with 3 paired UEs


 


in addition to the current 


2Tx and 4Tx with 


one paired UE


 


for phase I evaluation


.


 


 


 




1   3GPP TSG - RAN WG4 Meeting # 9 9 - e   R4 - 210 9138   Electronic Meeting, May. 19 - 27, 2021     Source:   China Telecom   Title:   On   UE  MMSE - IRC   receiver for   intra - cell inter - user  interference   suppression   Agenda Item:   9.11.2.2   Document for:   Discussion   1.   Introduction   In the RAN4#98 - bis - e meeting, we first discussed the   phase I   initial evaluation assumptions for  MMSE - IRC  receiver for suppressing intra - cell  inter - user interference, and the WF was agreed in   [1] .   I n this paper, we give our views on  the remaining open issues.   2.   Parameters related to  MU - MIMO interference   modeling   Paired UE number and T x antenna  number   S tatus in the WF in [1]:   •   Paired UE number   –   Under 2Tx and 4Tx with random PMI for target UE, u se 1 target UE + 1 interference UE as  starting  point for initial simulation   –   For scenario of Tx more than 4, other options not precluded   –   Interested companies can bring analysis on scenarios of interference UE more than 1   •   Antenna configuration   –   For Tx antenna number   •   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     I n the last meeting, 2Tx and 4Tx with one paired UE has been agr eed as a starting point for initial simulation  assumption, with other options not precluded.    As expressed in the last meeting, our concern is that the current simulation assumption is not practical for MU - MIMO scenario, in which more than 2 UEs are more l ikely to be scheduled and  the BS is usually equipped with  larger Tx antenna scales.     T herefore, we think the practical scenario that 8Tx and 16Tx with 3 paired UEs should not be excluded for the  phase I evaluation .   Proposal  1 :   Cover scenario that  8Tx and 16Tx with 3 paired UEs   in addition to the current  2Tx and 4Tx with  one paired UE   for phase I evaluation .      

