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Introduction
During the RAN4#109, the discussions on receiver assumptions and NWA signalling for advanced receivers continued with agreements on the basic UE capability with R-ML receiver and UE types to be covered in terms of number of layers UE can process with R-ML. For MO blind detection, it was agreed to not have any additional assumptions.
In addition, the following was agreed in relation to possible capability signalling: 
· Capability signalling between UEs (Sidelink) will not apply.
· No difference is expected between FDD and TDD
· FR1 only

In the following we will continue the discussion of the remaining issues and provide our observations and proposals where needed.

Discussion

Reference receiver assumptions and UE capability definition
UE capability for different UE Types
In RAN4#109 the UE capability for different UE types was discussed, (see [1]):

	UE capability for different UE Types
· Different capability based on if modulation order is signaled and not signaled
· For capability when modulation order is not signaled (index 6)
· Option 1: UE capability signaling
· Option 2: UE declaration 




UE Capability signalling is very helpful for the NW scheduler to determine the best MU MIMO configuration. Only having UE declaration will not provide information to the NW about UE capabilities, but rather just ensure testcases are passed. 
As the NW does not keep a record of which testcases a UE has passed, we see that having blind detection UEs with capability signaling is preferable. 
However, we do see a potential issue earlier raised by UE vendors that a NW could possibly favor some UE types over other types based on capability signaling. This could result in the performance of some UEs not being utilized to the full potential.

UE capability signalling with modulation order is not signaled will in general provide information which the NW can utilize to optimize the MIMO configuration.
In case most companies favor UE declaration over UE capability signalling, UE declaration is in our view an acceptable compromise.

Potential finer UE capability definitions
In RAN4#109 the topic of potential finer UE capability definitions was discussed (see [1]):
	Potential finer UE capability definitions
· UE Capability for maximum number of layers processes:
· There is no separate capability for maximum number of layers, will be covered in capability for different UE types.
· UE Capability for maximum number of DMRS ports detected
· There is no UE capability introduced for # of DMRS ports to detect. 
· The UE is expected to detect up to 4 ports. It’s up to UE implementation which ports are detected.
· Discussion is limited to R15 DMRS configurations. 
· FFS on NWA to inform the UE on potential co-scheduled ports. 
· UE Capability for Maximum modulation orders of interfering DMRS ports
· Option 1: UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported
· Option 2: Not to introduce such capability definition
· UE Capability for supported DMRS configurations
· Option 1: Introduce UE capability signaling for supported DMRS configuration for R-ML
· Option 2: Not to have such UE capability definition




UE Capability for maximum number of DMRS ports detected.
It has been decided to limit the requirements to single symbol, DMRS type 1 resulting in 4 DMRS ports in total. 
However, UE vendors have indicated they can guarantee that up to 4 ports can be blindly detected.
Also, regarding the FFS, it has been decided not to introduce UE capability signalling for maximum DMRS ports, but the discussion on possible additional RRC based assistant signalling is still open (see 2.2.1).
There is no UE capability introduced for # of DMRS ports to detect and the topic of potential DMRS NW assisted port information for the co-scheduled UE from the NW is discussed under the “The DMRS port information for the co-scheduled UE” section.

UE Capability for Maximum modulation orders of interfering DMRS ports
From perspective of complexity of R-ML receivers without MO detection the maximum MO of interfering DMRS-ports can be same as that of R-ML receiver for SU-MIMO. Since there is no UE Capability for maximum MO of R-ML receivers for SU-MIMO we do not see the need for introducing such a capability for MU-MIMO for UEs without MO detection.
R-ML receivers’ complexity is unchanged between SU-MIMO and MU-MIMO without MO detection use cases and there is no UE capability for maximum MO supported by R-ML receiver for SU-MIMO.

For UEs with MO detection there is additional complexity of MO detection which increases with the MO. If the network scheduler must do the scheduling based on such a capability, then there is a need for lower limit on this capability so that network scheduler does not get overly complicated. We believe all UEs supporting advanced receiver should be capable of BD MO at least up to and including 64QAM. So, it will be fine to have this capability to be signaled to the network with a lower limit of 64QAM.
Additional complexity associated with BD MO can for some UEs limit the Maximum MO they will detect to 64 QAM instead of 256/1024 QAM. Hence, information about maximum MO supported for BD will help network in making scheduling decisions. However, this capability should have lower limit of 64QAM in order to not make the scheduling complex, i.e., no UE can indicate maximum MO supported to be 16QAM or QPSK.

Introduce UE capability signalling to inform about maximum modulation orders of interfering DMRS ports supported by a UE capable of BD MO. The capability signalling shall be limited to a minimum of 64QAM. Not to introduce this capability for UEs not supporting BD MO.

UE Capability for supported DMRS configurations
We suggest making the default assumption that the UE can blindly detect which DMRS ports are used, and we propose not to introduce UE capability signaling for supported DMRS configurations.

Do not introduce UE capability signalling to inform about UE capability for supported DMRS configurations for R-ML

Capability granularity for the R-ML capability signalling
In RAN4#109 the topic of capability granularity for the R-ML capability signalling was discussed (see [1]):
	Capability granularity for the R-ML capability signalling
· Option 1: Per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW
· FFS where the assumption will be captured
· UE can support R-ML in single carrier operation, and on one or more carriers in CA operation.
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability




In our view, RAN2 should capture the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW.
Each UE supporting R-ML should be able to support R-ML on all bands and band combinations supported by said UE. We do not see a reason to have granularity of “per CC per band per band combination”. Note that selecting such high granularity will also have to be reasoned to RAN2.
Rel-17 MMSE-IRC for MU-MIMO has a capability granularity for the receiver capability signalling per UE and it would make sense to align with Rel-17
NW handling of per CC per band per band combination (Per-FSPC) UE capability would introduce high complexity to the scheduler and signaling overhead and will have to be reasoned to RAN2.
Capability granularity for the R-ML capability signalling shall be per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW (Option 1)

Potential required information
[bookmark: _Ref158987230]The DMRS port information for the co-scheduled UE
In RAN4#109 the topic of the DMRS port information for the co-scheduled UE were discussed (see [1]):
	The DMRS port information for the co-scheduled UE
· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 1A: Introduce UE capability signalling for maximum DMRS ports instead of RRC based NWA




In general, we believe that no additional RRC signaling should be introduced for assisted DMRS port information for the co-scheduled UEs. From our simulation results the performance of non-aided DMRS port blind detection has negligible degradation, see [2]. Hence no additional network assistance is needed in our view.
Simulation results show that the performance of non-aided DMRS port blind detection has negligible degradation.
[bookmark: _Hlk149931192]No need to consider additional RRC signaling for DMRS port (Option 1)
If  however, RAN4 decides to introduce additional RRC based assistant signaling, it is important to address dynamic port changing scenarios and at the same time minimize the number of signaling elements.
MU-MIMO is a very dynamic scenario where ports might change every slot, e.g., to follow changes in quality of each layer and to adjust the transmission ranks of co-scheduled UEs.
If additional RRC signaling is introduced, the dynamic signalling of DMRS ports needs to be minimized. This can be done by signalling sets of DMRS port combinations and corresponding time periods using RRC, e.g.:
1) Reduce port indication information requirements by ordering of DMRS ports into sets of ports.
2) Avoid the need for dynamic signalling by signalling a time periodicity over which the combined set of DMRS ports used for all the co-scheduled UEs and the target UE is kept constant.  

The network can then schedule multiple DMRS sets using RRC and with a periodicity where a DMRS set is kept constant.
Hence, if signaling of the DMRS port information for the co-scheduled UE is needed, this could be done via RRC using a minimum number of elements to be signaled from the NW and avoiding the need for dynamic signaling via DCI/MAC-CE.

Frequency domain resource allocation type for the co-UE and the target UE
In RAN4#109 the topic of frequency domain resource allocation type for the co-UE and the target UE were discussed (see [1]):
	Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options:
· Option 1: Introduce signaling to indicate if RBG size of the target and co-scheduled UE are the same when resource allocation Type 0 is used for target UE.
· Option 2: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE
· Option 3: Not to have assumption on the frequency domain resource allocation type for the co-scheduled UE




With the current default assumptions UEs need to implement FDRA and DMRS port detection with PRG level granularity of 2 or 4. With this granularity the FDRA allocation type, of 0 or 1, does not change the complexity or performance of detection. 
Performance and complexity of FDRA and DMRS port detection is independent of FDRA allocation type when granularity of detection is PRG size of 2 or 4.
Option 1, allows UE to use a lower granularity or reduce complexity if the RBG size is greater than PRG size. However, it brings several restrictions to the network scheduler if this option is to be utilized fully. This is because RBG size is dependent on the bandwidth part size as captured in Table 1.
[bookmark: _Ref158893309]Table 1 RBG size relation to bandwidth part size
	Bandwidth part size (PRBs)
	RBG size config 1
	RBG size config 2

	1-36
	2
	4

	37-72
	4
	8

	73-144
	8
	16

	145-275
	16
	16



In case of all UEs having Type 0 allocation network scheduler can signal RBG size of co-UE and target UE to be the same only when it chooses UEs with same bandwidth part and configuration id. Signaling minimum RBG size among all co-scheduled UEs can be better utilized by network scheduler but it requires more bits to signal.
Having same RBG size for all co-UEs severely restricts the network schedulers options to co-schedule UEs because it needs to choose UEs with same bandwidth part size.
UE not to have assumption on the FDRA type for the co-scheduled UE (option 3).

New MAC-CE command to assist DMRS port blind detection
In RAN4#109 the topic of new MAC-CE command to assist DMRS port blind detection were discussed (see [1]):
	New MAC-CE command to assist DMRS port blind detection
· Candidate options:
· Option 1: Apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
· Option 2: Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection
· Proponent for option 1 is encouraged to give more details in the next meeting.




No additional network assistance is needed in our view since our simulation results for PRG level detection of FDRA and DMRS ports show negligible degradation for non-aided DMRS port blind detection.[2]
Our simulation with PRG level blind detection of FDRA and DMRS ports show good results, hence we do not see a need to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection.
Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection (option 2)

The modulation order information of the co-scheduled UE (RRC based assistant signaling)
In RAN4#109 the topic of the modulation order information of the co-scheduled UE (RRC based assistant signaling) was discussed (see [1]):
	The modulation order information of the co-scheduled UE (RRC based assistant signaling)
· Candidate options on updated LS to RAN2:
· Option 1: Modify 2 bit RRC signaling to indicate max configured MCS table to maximum modulation order of paired UEs
	The highest modulation order used in all the MU-MIMO scheduling instances for co-scheduled UE(s), which has the same DM-RS sequence as the target UE, the modulation order is one of the following
· 1024QAM 
· 256QAM 
· 64QAM 


· Option 2: Do not update the agreed LS to RAN2.




We are in favor of not updating the agreed LS to RAN2. We prefer to keep the granularity as is, i.e., do not change existing agreement, where the signalling is related to the MCS table assigned to the UE. 

Changing the signaling to indicated max configured modulation order per UE will introduce higher complexity in the NW scheduler with likely limited benefit compared to implementation complexity. 

The benefit of new signaling of the max configured modulation order per UE would most likely be limited, hence will not justify the introduction of additional NW scheduler complexity.
Do not update the agreed LS to RAN2 (option 2).

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to receiver assumptions and NWA signalling for advanced receivers.
We have the following observations and proposals:

UE capability for different UE Types
1. UE capability signalling with modulation order is not signaled will in general provide information which the NW can utilize to optimize the MIMO configuration.
In case most companies favor UE declaration over UE capability signalling, UE declaration is in our view an acceptable compromise.

Potential finer UE capability definitions
UE Capability for maximum number of DMRS ports detected.
There is no UE capability introduced for # of DMRS ports to detect and the topic of potential DMRS NW assisted port information for the co-scheduled UE from the NW is discussed under the “The DMRS port information for the co-scheduled UE” section.

UE Capability for Maximum modulation orders of interfering DMRS ports
R-ML receivers’ complexity is unchanged between SU-MIMO and MU-MIMO without MO detection use cases and there is no UE capability for maximum MO supported by R-ML receiver for SU-MIMO.
Additional complexity associated with BD MO can for some UEs limit the Maximum MO they will detect to 64 QAM instead of 256/1024 QAM. Hence, information about maximum MO supported for BD will help network in making scheduling decisions. However, this capability should have lower limit of 64QAM in order to not make the scheduling complex, i.e., no UE can indicate maximum MO supported to be 16QAM or QPSK.
1. Introduce UE capability signalling to inform about maximum modulation orders of interfering DMRS ports supported by a UE capable of BD MO. The capability signalling shall be limited to a minimum of 64QAM. Not to introduce this capability for UEs not supporting BD MO.

UE Capability for supported DMRS configurations
Do not introduce UE capability signalling to inform about UE capability for supported DMRS configurations for R-ML

Capability granularity for the R-ML capability signalling
Rel-17 MMSE-IRC for MU-MIMO has a capability granularity for the receiver capability signalling per UE and it would make sense to align with Rel-17
NW handling of per CC per band per band combination (Per-FSPC) UE capability would introduce high complexity to the scheduler and signaling overhead and will have to be reasoned to RAN2.
Capability granularity for the R-ML capability signalling shall be per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW (Option 1)

The DMRS port information for the co-scheduled UE
Simulation results show that the performance of non-aided DMRS port blind detection has negligible degradation.
No need to consider additional RRC signaling for DMRS port (Option 1)

Frequency domain resource allocation type for the co-UE and the target UE
Performance and complexity of FDRA and DMRS port detection is independent of FDRA allocation type when granularity of detection is PRG size of 2 or 4.
Having same RBG size for all co-UEs severely restricts the network schedulers options to co-schedule UEs because it needs to choose UEs with same bandwidth part size.
UE not to have assumption on the FDRA type for the co-scheduled UE (option 3).

New MAC-CE command to assist DMRS port blind detection
Our simulation with PRG level blind detection of FDRA and DMRS ports show good results, hence we do not see a need to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection.
Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection (option 2)

The modulation order information of the co-scheduled UE (RRC based assistant signaling)
The benefit of new signaling of the max configured modulation order per UE would most likely be limited, hence will not justify the introduction of additional NW scheduler complexity.
Do not update the agreed LS to RAN2 (option 2).
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