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1. Overall Description:

In current L1 configuration, RAN2 observes that there is no explicit maximum MIMO layer configuration on per CC level signalled via RRC to the UE by the network. This is different than LTE, where maximum MIMO layer of a CC is explicitly signalled. It was discussed in RAN2 that  the maximum MIMO layer configuration of a CC may be derived from existing IEs within the RRC configuration (possibly from BWP configuration), but RAN2 was not able to determine whether this is true or how such signalling can be used to be consistent with what is signalled in UE capabilities.
For UL, RAN2 noted that the RRC parameter maxRank within PUSCH-Config that might be the parameter for the number of used UL MIMO layers, but this is not fully clear in RRC description. For DL, the RI-restriction parameter in CodebookConfig could be used, but it was not clear if those can always be used and how the number of used DL MIMO layers could be determined for non-codebook-based transmissions.

Hence, RAN2 would like feedback on RAN1 on how the UL and DL MIMO layers are suppposed to be configured via RRC parameters. Specifically, RAN2 would like feedback for the examples below illustrating the problem from RAN2 viewpoint (with all examples are applicable to UL and DL).


Example 1: Multiple MIMO layer configurations allowed for the same band combination


Assume a UE reports following capability for a BC.
Band A 1CC (CC0) + Band B 1CC (CC1) + Band C 1CC (CC2)

· Supported MIMO layers, set 1: 4 + 4+ 2
· Supported MIMO layers, set 2: 4 + 2 + 4
· Supported MIMO layers, set 3: 2 + 4+ 4
Hence, based on the UE capabilities, UE supports 4-layer MIMO on two of the carriers and 2-layer MIMO on one carrier. If network intends to use the following MIMO configuration for the UE, RAN2 is not sure how the existing RRC signalling from network (i.e. to indicate that for CC2, only 2-layer MIMO is used whereas for CC0/CC1, 4-layer MIMO is used).
· CC0: 4-layer MIMO 
· CC1: 4-layer MIMO 

· CC2: 4-layer MIMO
It is not clear to RAN2 how the restrictions for this configuration is accomplished via the RRC signalling.

Example 2: Different MIMO layer configurations in different BWPs for the same band combination

Assume the same UE capabilities as in previous example: Considering that UE capability is reported at per CC level, but the UE BWP configuration may change dynamically, the following configuration is a valid RRC configuration from UE capability viewpoint, even though using BWP1 on all of CC0, CC1 and CC2 is not allowed at the same time: 
· CC0: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO
· CC1: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO 
· CC2: BWP1 with 4-layer MIMO, BWP2 with 2-layer MIMO, 
In this case, it is considered that it would be the network responsibility to limit the applicable BWPs in a way that UE capabilities are not exceeded, but it is not clear if there would be some additional restrictions.


Example 3: Dynamic MIMO layer configurations without exceeding UE capabilities
Assume the same UE capabilities as for the previous examples: It was discussed in RAN2 that it’s not clear whether UE would support feedback for larger number of MIMO layers than it can use at any given time, and whether such a configuration should be allowed for the network. This would mean that network would configure UE with 4+4+4 MIMO layers for CSI reporting, but still ensure that at any given point of time, UE always uses one CC with only 2 MIMO layers to avoid exceeding UE capabilities. This would allow network to “dynamically” configure the number of MIMO layers depending on CSI feedback, but RAN2 is not certain this is a feasible configuration from UE viewpoint.

Finally, RAN2 would also note that it is possible (If necessary) to add new RRC parameters to resolve the issues explained, so it is not necessary to only consider solutions without impact to RRC.

2. Actions:

To RAN1
Q1a:
Does the current RRC contain all necessary L1 parameters that UE needs (in UL and DL) to determine the maximum number MIMO layers per serving cell? 

Q2a: 
If the answer to question Q1 is no, are some new RRC parameters needed to determine the maximum number of MIMO layers per serving cell (in UL or DL)?

Q3a:
If new parameter(s) are needed, should they be provided on BWP or CC/cell level? RAN2 could add a parameter if RAN1 considers it necessary.

Q4a: 
Is it allowed to configure RI reporting so that UE would be configured to report RI for larger number of MIMO layers that it could suppport simultaneously if NW still dynamically ensures via PDCCH scheduling that the UE capabilities are always respected according to the indicated UE capabilities? 


Q1:
Whether the UE can always derive the maximum MIMO layer configuration for a CC that can match granularity reported in UE capability from existing RRC parameters? If so how?

Q2: 
Whether the maximum MIMO layers per CC are assumed, exceeding UE capability at per UE level, but the NW can dynamically change the number of MIMO layers for a CC per PDCCH scheduling (staying at any point in time within the UE capabilities)? 

Q3: 
Whether the NW has to pre-inform the UE by an explicit (new) RRC parameter about the maximum number of MIMO layers per CC as it was done in LTE? If so, whether it should be provided on BWP or CC/cell level? RAN2 could add to the L1 parameters if considered as necessary.

To RAN4
Q4:
Whether RAN4 see the need of MIMO layer signalling for a CC from RAN4 specification point of view?

Q5:
Is there any concern if the other WG sees the necessity to add new signalling for maximum number of MIMO layers per CC?
Q6: 
Is it allowed to configure RI reporting so that UE would be configured to report RI for larger number of MIMO layers that it could suppport simultaneously if NW still dynamically ensures via PDCCH scheduling that the UE capabilities are always respected according to the indicated UE capabilities? 
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�Alternative wordings for RAN1 questions


�Same as Q6 for RAN4


�Same question Q4a as for RAN1





