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Introduction
[bookmark: _Ref178064866]RAN4 sent an LS on required DCI signalling for advanced receiver in [1], asking for RAN1 introducing DCI based signalling on some aspects that RAN2 agreed if feasible. We discuss RAN1 impact for these issues.
Discussion
According to LS from RAN4, RAN4 observes that R-ML receiver can achieve better performance in most scenarios based on RAN4 evaluation. RAN4 asks RAN1 to introduce DCI based network assisted signalling to enable the implementation of R-ML receiver within feasible complexity. Following table is included in the LS with the bit field intended in a DCI based on the format 1_1. 

Bit field mapped to index
Content
0
No co-scheduled UE(s) which has same DMRS sequence as target UE exists
1
In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have QPSK scheduled
2
In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 16QAM scheduled
3
In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 64QAM scheduled
4
In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 256QAM scheduled
5
In all the PRBs allocated to the target UE, all the co-scheduled UE(s), which has the same DMRS sequence as the target UE, have 1024QAM scheduled
6
Not covered by cases corresponding to index 0~5. 
In each individual PRB allocated to the target UE, the following condition is satisfied:
Only single modulation order is allocated for the co-scheduled UE(s) which has the same DMRS sequence as the target UE, if the co-scheduled UE(s) exist
7
Others

(1) The existence of MU-MIMO DCI signalling is configured by RRC signalling.
(2) The field is intended to be included in a DCI which can be based on the format 1_1.



The LS from RAN4 asks RAN1 to implement these fields in the DCI if MU-MIMO DCI if configured by RRC signalling. To implement the fields in RAN1 specification, there are a few observations on this LS require RAN1 discussion. 
Discussion on bit field index 
One observation with the above defined MU-MIMO DCI signaling is that some of the bit field index can be invalid for certain network configurations. For example, 1024QAM is not supported in FR2 and bit field index 5 is invalid for FR2. Moreover, supporting 256QAM for FR1 and 1024QAM for FR1 are optional features. If the UE does not support 256QAM for FR2, we can assume the UE cannot cancel the interference of co-scheduled UE modulated with 256QAM, and bit field indexes 4 and 5 are invalid for this UE. 
[bookmark: _Toc142670168]Bit field index 5 is invalid for FR2 and optional for FR1, bit field index 4 is optional for FR2.

For bit field index 6, according to RAN4 discussion, it requires UE capability of blind detecting the modulation order of co-scheduled UEs. Some of the R-ML receivers are incapable of blind detection. Bit field index 6 can be invalid for some of the UEs with R-ML receiver.
[bookmark: _Toc142670169]Bit field index 6 is invalid for UEs incapable of blind detecting of modulation order of co-scheduled UEs.

The required bit field index shall also be determined by network configuration. A network implementation of MU-MIMO scheduling varies from different scenarios. If a conservative link adaptation scheme is used for MU-MIMO scheduling, higher modulation orders, f.e. 1024 QAM, may get avoided for MU-MIMO and only used for SU-MIMO. A UE may indicate it supports 1024 QAM and the R-ML for 1024 QAM, yet for MU-MIMO scheduling the UE is not required to apply interference cancellation for co-scheduled 1024 QAM. 
[bookmark: _Toc142670170]Bit field indexes needed in the DCI is dependent on UE capability and network implementation of multi-user MIMO.

Upon above observations, if some of the bit field index(es) is invalid, the DCI overhead and UE implementation complexity can be reduced.  
[bookmark: _Toc142670255]The needed bit field index for MU-MIMO indication in the DCI is determined by UE capability and network configuration.
One additional observation from the LS is the usage of bit field index 0 and bit field index 7 may be duplicated, Index 0 indicates “No co-scheduled UE(s) which has same DMRS sequence as target UE exists”; index 7 indicates “Others”. It is not clear if the R-ML receiver differentiates the handling upon reception of the index 0 or index 7. For both cases the R-ML receiver can’t cancel the interference from co-scheduled UEs.
[bookmark: _Toc142670171]Difference of bit field index 0 and bit field index 7 for R-ML receiver is not clear.

[bookmark: _Toc142670256]RAN1 kindly ask RAN4 about the usage of bit field index 0 and bit field index 7 to understand the need for separate bit field indexes.

Discussion on antenna port table entries with SU-MIMO restriction

Furthermore, we need clarify whether the legacy SU-MIMO restricted antenna ports entries (see Appendix) are still valid for R-ML.
 With R-ML receiver the UE shall be able to utilize the indicated co-scheduled UE information even for antenna port entries previously defined with SU-MIMO restriction. If a UE is indicated with legacy SU-MIMO restricted antenna port combinations, if it is also indicated with co-scheduled UE with indexes 1-6, the UE can apply R-ML receiver to handle the interference. The SU-MIMO restriction shall be lifted if the condition to apply R-ML is met.
[bookmark: _Toc142670172]For UE indicated with legacy antenna port entry with SU-MIMO restriction, if the UE applies R-ML receiver it can cancel the interference caused by co-scheduled UE(s).
[bookmark: _Toc142670257]The restricted antenna ports entries for SU-MIMO shall be relaxed if the UE can apply R-ML receiver. 



Conclusion
In the previous sections we made the following observations: 
Observation 1	Bit field index 5 is invalid for FR2 and optional for FR1, bit field index 4 is optional for FR2.
Observation 2	Bit field index 6 is invalid for UEs incapable of blind detecting of modulation order of co-scheduled UEs.
Observation 3	Bit field indexes needed in the DCI is dependent on UE capability and network implementation of multi-user MIMO.
Observation 4	Difference of bit field index 0 and bit field index 7 for R-ML receiver is not clear.
Observation 5	For UE indicated with legacy antenna port entry with SU-MIMO restriction, if the UE applies R-ML receiver it can cancel the interference caused by co-scheduled UE(s).

Based on the discussion in the previous sections we propose the following:
Proposal 1	The needed bit field index for MU-MIMO indication in the DCI is determined by UE capability and network configuration.
Proposal 2	RAN1 kindly ask RAN4 about the usage of bit field index 0 and bit field index 7 to understand the need for separate bit field indexes.
Proposal 3	The restricted antenna ports entries for SU-MIMO shall be relaxed if the UE applies R-ML receiver.
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Appendix
38.214 5.1.6.2 DM-RS reception procedure

…
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 12} in Table 7.3.1.2.2-1A and {2, 9, 10, 11, 30 or 31} in Table 7.3.1.2.2-2A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 

For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Clause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10, 23 or 24} in Table 7.3.1.2.2-3A and {2, 10, 23 or 58} in Table 7.3.1.2.2-4A of Clause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
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