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1 Introduction

RAN2 sent the following LS in R2-1816065 fro [1] as following. In this contribution we discuss the issues with our proposal to reply the LS back.
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 from 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.

Hence, RAN2 would like feedback on RAN1 on how the UL and DL MIMO layers are supposed 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: The need of MIMO layer configurations per CC

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 whether there is a need for the UE to determine MIMO layer per serving cell in order to properly configure L1. And if there is a need, whether UE need to derive it from the 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: 2-layer MIMO

Example 2: The relation of MIMO capability and MIMO configuration per BWP

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: The relation of MIMO capability and CSI report configuration

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 report, 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.

2. Actions:

To RAN1

Q1:
Is the NW meant to configure the maximum number of MIMO layers (for PUSCH and PDSCH) by means of RRC signalling so UE can determine the maximum number MIMO layers per serving cell (as it was the case in LTE)?

Q2:
If the answer to Q1 is “yes”, does such parameter exist, i.e., is the UE meant to derive the maximum number MIMO layers per serving cell from existing parameters?
Q3:
If the answer to Q2 is “no”, should a new parameter be added per serving cell or per BWP? RAN2 could add a parameter if RAN1 considers it necessary. From RAN2 perspective, per serving cell is preferred due to simplicity at this late stage in Rel-15.

Q4:
If R1 only sees the need of MIMO configuration per BWP, i.e. no MIMO configuration per CC, is the NW allowed to configure MIMO layers in BWP so that only certain combinations of BWPs in different serving cells are within the UE’s MIMO capabilities? In other words, may the NW reallocate MIMO layers to another serving cell by switching BWPs in those serving cells?
Q5:
The UE indicates the number of supported MIMO layers for DL in its UE capabilities. Do those capabilities also limit the configuration of CSI report?

To RAN4

Q6:
Does RAN4 see the need for configuring by RRC signalling the maximum number of MIMO layers (for PUSCH and PDSCH) per serving cell from RAN4 specification point of view?

Q7:
Is there any concern if the other WG sees the necessity to add new signalling for maximum number of MIMO layers per CC (if not supported by the current RRC)?

Q8:
On Example 2 and 3, is there any concern from RF tuning point of view?

2 Discussion
First, the current discussions related to a MIMO capability discussion happened earlier this year. An approved reply LS was sent back in [2], as following.
RAN4 further discussed the MIMO layers signalling structure for EN-DC NR/LTE and NR SA and came to additional conclusions in addition to the agreements captured in LS R4-1714257.

RAN4 agreed that the following is the preferred option of possible signalling of MIMO layer capabilities for the CA band combinations.

· Signal the maximum number of MIMO layers per CA band combination for the CA band combination that have constraints

· Constraint means the total number of MIMO layers supported in certain band combination is lower than sum of MIMO layer supported by each band, 

· Example: UE supports 4 layers in B1 and 4 layers in B2 but only total of 6 layers in B1_B2 combinations

· This constraint will also apply to all the higher orders CA combinations that contain the combination with a constraint as a fallback combination

· Example: If UE signals a constraint with the total number of MIMO layers for the CA BC “B1A_B2A”, the similar constraint of the reported number of MIMO layers will also apply to the corresponding part of  the higher order CA BC “B1A_B2A_B3A”

In summary, RAN4 thinks that UE capabilities signalling for the number of MIMO layers shall include:

1. Per-band signalling (as indication of per band maximum MIMO layer capability from RF)

2. Per-CC signalling as a part of BPC (as indication of baseband processing capabilities)

3. Per CA band combination signalling for the CA band combination with constrains (as described above as part of RF capabilities) 

Note: separate signalling shall be used for the number of DL and UL

The signalling details are up to RAN2.

From a UE capability point of view the ambiguity more lies on the RF constrains instead of the baseband part, just as indicated in Example 1. From the UE capability side, the maximum MIMO layer is reported as 4 per band for Band A, B, C respectively but the overall total number of MIMO layer that could be handled by the UE is limited as 10 which is less than 4x3=12. Underthis condition the RF constrain will require the UE to obtain the MIMO layer as per serving cell well ahead of decoding the DCI. And such RF constrain is rather band specific under the certain CA band combination, so it can’t be configured dynamically.
Observation 1: From a UE capability point of view Example 1 demostrates the ambiguity more lying on the RF constrains instead of the baseband part, when the CA band combination have constraints that the total number of MIMO layers supported in certain band combination is lower than sum of MIMO layer supported by each band.
Observation 2: Under this condition the RF constrain will require the UE to obtain the MIMO layer as per serving cell well ahead of decoding the DCI. And such RF constrain is rather band specific under the certain CA band combination, so it can’t be configured dynamically.

So, we think when under certain CA band combination with the constains from the UE capability that the total number of MIMO layers supported is lower than the sum of MIMO layer supported by each band, we do need dedicated RRC configuration to indicate the maximum MIMO layer as per serving cell to inform the UE.

But when the UE capability of MIMO layer reported per band represents the maximum possible configured MIMO layer from the BS without such constrain then the UE could trust the scheduled maximum MIMO layer as the same as the reported maximum MIMO layer per band, then there is no need of new RRC configuration for the same purpose. Then we don’t see the need of having the fine level of BWP as it could bring heavy burden for the scheduler to schedule the resource and the only benefit is only on the baseband part as the RF constrain is rather band specific, so the BWP can’t really help for this case, even with a finer level than the full bandwidth.
Observation 3: The fine level of BWP as indicated in Example 2 won’t really help the band specific RF constrain when under certain CA band combination but could bring heavy burden to the scheduler.

Proposal 1: The need for configuring by RRC signalling the maximum number of MIMO layers per serving cell is only needed for the CA band combination with constrains as indicated above to inform the UE the maximum MIMO layer per serving cell under such CA band combination.

Proposal 2: The above RRC configuration is not needed in a per BWP level.
Based on the observations and proposals above we prepared a draft reply LS back in [3].

Proposal 3: Reply LS back to RAN2 in [3].

3 Conclusions

In this contribution, we have the following observations and proposals for MIMO configuration discussions.

Observation 1: From a UE capability point of view Example 1 demostrates the ambiguity more lying on the RF constrains instead of the baseband part, when the CA band combination have constraints that the total number of MIMO layers supported in certain band combination is lower than sum of MIMO layer supported by each band.
Observation 2: Under this condition the RF constrain will require the UE to obtain the MIMO layer as per serving cell well ahead of decoding the DCI. And such RF constrain is rather band specific under the certain CA band combination, so it can’t be configured dynamically.

Observation 3: The fine level of BWP as indicated in Example 2 won’t really help the band specific RF constrain when under certain CA band combination but could bring heavy burden to the scheduler.

Proposal 1: The need for configuring by RRC signalling the maximum number of MIMO layers per serving cell is only needed for the CA band combination with constrains as indicated above to inform the UE the maximum MIMO layer per serving cell under such CA band combination.

Proposal 2: The above RRC configuration is not needed in a per BWP level.
Proposal 3: Reply LS back to RAN2 in [3].

4 References
[1] R2-1816065, “LS on MIMO layer configuration” 
[2] R4-1803122, “LS reply on UE baseband processing capability”

[3] R4-1815701, “Reply LS to RAN2 on MIMO layer configuration”

PAGE  
5

