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1. Introduction

The RAN2 WG made a number of agreements and working assumptions on the MIMO layers reporting, which are captured in the RAN2 LS on UE baseband processing capability [1]: 
	1. Overall Description:

With regards to NR UE capability structure, RAN2 has been working on a solution where UE capabilities related to baseband processing are extracted from the NR band combination signaling as informed in [1].

RAN2 would like to inform of the further decision made at RAN2 #99bis as shown below:


Agreements:

1. UE can report the number of MIMO layers per band.

2. The concept of baseband capability combination is applied at least for the LTE part of MR-DC. The fallback mechanism similar to Rel-14 LTE CA is considered for the baseband processing combination signaling. Details are FFS.

Working assumptions:

1. The UE reports the MIMO capability per CC as part of the baseband processing capabilities.

2. The MIMO capability is not included in the band combination signalling.

Besides that, RAN2 is aware that RAN1 has been doing an exercise to develop the Layer-1 UE feature list for NR. To define proper capability signaling for each Layer-1 feature, it is helpful from RAN2 point of view if the Layer-1 features can be classified into the following types:


Type 1:
Layer-1 features relevant to RF characteristics

· They are reported per band (not per band combination).

Type 2:
Layer-1 features that influence baseband processing when UE is configured with NR CA/MR-DC/SUL

· They are reported in the baseband capability combination signaling.

Type 3;
Layer-1 features having both Type 1 and Type 2 characteristics (like the MIMO capability and the other LTE UE capabilities included per band in the band combination or per band combination)

· It is noted that for type-3 features RAN2 aims to follow the above agreements and working assumptions made for the MIMO capability.

Type 4:
Layer-1 features independent from the other features and not categorized into any of the above types

· In LTE, they are defined as physical layer parameters in TS 36.306. They are reported without linkage to band combination signalling.
2. Actions:

To RAN4 group.

ACTION: 
RAN2 respectfully asks RAN4 group to take the agreements and working assumptions into account and to provide feedback if any.
To RAN1 group.

ACTION: 
RAN2 respectfully asks RAN1 group to classify the layer-1 NR features into the four types explained in this LS when developing the list of UE features.


In RAN4 #85 the MIMO layers capabilities signalling were discussed and the following agreements were captured in the LS to RAN2 [2]:

	1. Overall Description:

RAN4 would like to thank RAN2 for their LS on UE baseband processing capability (R2-1712078).

RAN4 discussed the RAN2 agreements and working assumptions MIMO layers signalling structure for EN-DC NR/LTE and NR SA and came to the following conclusions:

· For RAN2 working assumption “MIMO layers capability will not be included into the band combination signalling” 

· RAN4 observed that for some CA combinations there may be constraints on how the number of RF chains can be assigned to different bands and UE may not support the maximum number of MIMO layers indicated as a part of per-band reporting in all bands in a CA combination.

· RAN4 discussed two options on the possible signalling of MIMO layer capabilities for the CA band combinations that have such constraints

· Option 1: Signal the number of MIMO layers per band per CA band combination for the combinations that have constraints

· Option 2: Signal the maximum number of MIMO layers per CA band combination for the combinations that have constraints

· Other options not precluded

· RAN4 will make conclusion in RAN4 AH-1801 and inform RAN2 on the preferred solution.

· RAN2 working assumption “MIMO layers capability will be signaled with per CC granularity as a part of the baseband processing capabilities (BPC) signalling” is aligned with RAN4 understanding and was already recommended to be used in the previous LS R4-1711888 to handle UE baseband implementation constraints.

· RAN2 agreement that “UE can report the number of MIMO layers per band” is aligned with RAN4 understanding.

· The signalling details are up to RAN2.

2. Actions:

To RAN WG2

RAN4 respectfully asks RAN2 to take into account the conclusions in the future work.


Further discussion took place in RAN4 AH1801 but no conclusions were reached. In this contribution we provide further views on the MIMO layers signalling structure.
2. Discussion
In the previous meetings RAN4 concluded that existing RAN2 MIMO layers signalling assumptions with per-band and per-CC BPC granularity are not sufficient to resolve all UE implementation constraints. It was observed that for some CA combinations there may be constraints on how the number of RF chains can be assigned to different bands and UE may not support the maximum number of MIMO layers indicated as a part of per-band reporting in all bands in a CA combination. More details on the CA RF constraints can be found in [3].
Two signalling solutions were considered in the previous meetings:

· Option 1: Signal the maximum number of MIMO layers per band per CA BC for the BCs that have constraints
· Option 2: Signal the maximum number of MIMO layers per CA BC for the BCs that have constraints
The amount of problematic CA band combinations depends on multiple factors including the whole set of supported CA combination, number of available RF chains and BB processing capabilities. Based on our estimates, a relatively small subset of supported CA combinations may have such constraints (< 5%). Hence, number of MIMO layers can be signalled for the CA combinations which have CA RF constraints only, while for other combinations it may be assumed that UE can support maximum number of MIMO layers based on the per-band MIMO layers signalling:

· Signal per-band max number of MIMO layers (Nmax,band)
· CA band combinations MIMO layers signalling
· CA band combinations that don’t have constraints: 
· No dedicated MIMO layers signalling
· eNB/gNB may assume that UE can support up to Nmax,band MIMO layers per each CC depending on the associated band
· CA band combination with constraints (i.e. where UE cannot maintain max # of layers based on Nmax,band)
· Signal max number of MIMO layers based on Option 1 or Option 2.
2.1 Option 1: Maximum number of MIMO layers per Band per Band Combination
LTE supports per-BoBC signalling granularity of the number of MIMO layers. Using such solution UE can directly specify the particular number of MIMO layer for each CC for the problematic CA combinations. UE can provide a set of possible supported CA combination and, hence, such approach allows avoiding all possible CA RF constraints without any restrictions. In RAN4 AH180 multiple concerns on the signalling overhead of Option 1 were raised. The associated signalling overhead is expected to depend on the particular UE implementation and will depend on the number of CA combinations with constraints.
Observation #1: Option 1 signalling solution provides sufficient flexibility and allows avoiding all possible constraints. The associated signalling overhead depends on the amount of CA combinations with constraints.
2.2 Option 2: Maximum number of MIMO layers per BC

An alternative solution proposed in RAN4 #85 was to signal the maximum number of MIMO layers for the band combinations that have certain constraints. Such approach potentially has smaller signalling overhead. However, Option 2 has a number of restrictions which should be taken into account (see examples below). 

Example #1
Let’s consider the following example with Intra-band contiguous + Inter-band CA combination:

· CA combination “B1C + B2A”
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· No BB constraints on the number of MIMO layers (up to 4 layers per CC)

· No RF constraints on the number of MIMO layers (up to 4 layers)

· CA RF capabilities

· The max number of RF ADCs: 6 (a single ADC can cover 2 contiguous CCs)

· Supported MIMO layer combinations: 2/2+2; 4/4+2; 2/2+4

· Not supported MIMO layer combinations: 4/2+4, 2/4+4, 4/4+4
For Option 2 approach UE will signal that it can support up to 10 MIMO layers for “B1C + B2A”. In the latter case NW may assume that UE might support the following MIMO layer combinations: 2/2+2; 4/4+2; 2/2+4, 4/2+4, 2/4+4. The last 2 combinations cannot be supported by the UE. Hence, in order to make correct MIMO layer assignment the gNB shall assume that for contiguous CA combinations the number MIMO layers shall be equal. Under such assumption it may assign the correct set of MIMO layer combinations 2/2+2, 4/4+2, 2/2+4. However, it may cause restrictions for certain future CA combinations, where UE cannot cover multiple contiguous CCs using a single ADC.

Observation #3: Option 2 may works under assumption that for contiguous CA the number MIMO layers is equal for all CCs. 
In order to overcome such constraint additional clarifications on the underlying assumptions for intra-band contiguous CCs should be agreed.

Example #2
Let’s consider another example with Intra-band non-contiguous + Inter-band CA combination:

· CA combination “B1A + B1A + B1A + B2A”
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· No BB constraints on the number of MIMO layers (up to 4 layers per CC)

· No RF constraints on the number of MIMO layers (up to 4 layers)

· CA RF capabilities

· For B1 UE can support up to 8 layers in total (2/2/2, 2/2/4, 2/4/2, 4/2/2)

· For B2 UE can support 4 layers

· For “B1A + B1A + B1A + B2A” UE can support: 2/2/2+4, 2/2/4+4, 2/4/2+4, 4/2/2+4

For Option 2 UE will signal that it can support up to 12 MIMO layers for “B1A + B1A + B1A + B2A”. At the same time, the NW does not have information on the particular constraints for B1 and may assign MIMO layer combinations which cannot be supported by the UE (e.g. 4/4/2+2, etc.). To resolve the issue in the previous meeting it was suggested that UE needs to signal the MIMO layer constraints separately for different CA sub-combinations – for “B1A + B1A + B1A” (8 layers) and for “B1A + B1A + B1A + B2A” (12 layers). Therefore, the NW shall implement additional logic to take into account MIMO layer restrictions for “sub-component” CA combinations. Such approach allows avoiding the issues at the cost of more sophisticated UE and NW logic. In addition, it would require larger signalling overhead and may contradict to the prior RAN2 agreements to avoid/minimize the signalling of “fallback” and “CA sub-combinations”.
Observation #4: For some CA combinations Option 2 requires UE to signal MIMO layer constraints for CA sub-combinations and NW shall take sub-combinations restrictions into account for MIMO layer assignment.
In order to overcome the described problem, Option 2 needs to be adjusted and additional clarifications should be provided to ensure that UE is allowed to provide signalling for CA sub-combinations (fallback combinations).
· Option 2: Signal the maximum number of MIMO layers per CA BC and its subsets for the BCs that have constraints

· If signalling of the maximum number of MIMO layers for the full BC (e.g. “B1A_B1A_B2A”) does not allow resolving all constraints, additional signalling shall be provided for CA BC subsets (e.g. “B1A_B1A”, “B2A_B2A”, etc.). eNB/gNB shall take into account constraints for full BC and BC subsets.
3. Conclusions
In RAN4 AH180 multiple concerns on the large signalling overhead of Option 1 were raised. In accordance to the analysis above Option 2 alone may not resolve all constraints. In our view Option 2 could be used to provide information on the UE MIMO capabilities in case additional clarifications on the CA BC sub-combinations signalling and intra-band contiguous CA are made.

Proposal #1:
Recommend RAN2 to introduce modified Option 2 MIMO layer signalling approach
· Signal the maximum number of MIMO layers per CA BC and its subsets for the BCs that have constraints

· If signalling for the CA BC (e.g. “B1A_B1A_B2A”) does not allow resolving all constraints, additional signalling shall be provided for CA BC subsets (e.g. “B1A_B1A”, “B2A_B2A”, etc.). eNB/gNB shall take into account constraints for full BC and its subsets.

· Signalling is provided under assumption that for intra-band contiguous CCs the number MIMO layers is equal for all CCs.
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