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1 Introduction

This document presents the summary of email discussion/approval [105-e-NR-UEFeatures-eMIMO-01] during RAN1 #105-e. According to the Chairman’s Notes:
	[105-e-NR-UEFeatures-eMIMO-01] Email discussion/approval on reply LS to R1-2104164, till 5/24 (Ralf, AT&T)


The following was discussed and agreed during RAN1 #105-e within the scope of [105-e-NR-UEFeatures-eMIMO-01]. 

2 Summary
The following is the moderator’s summary of contributions submitted to RAN1 #105-e on this topic.
	Company
	Summary 

	ZTE [1]
	From RAN1 perspective, there is no impact to consider the above capability as part of the fallback concept. So RAN1 confirms RAN2’s understanding.

	Samsung [2]
	Regarding the Rel-16 UE capability, multiDCI-MultiTRP, which is presented in FeatureSetDownlinkPerCC, our understanding is that the fallback concept defined in TS38.306 is also applicable since all the components included in multiDCI-MultiTRP (maxNumberCORESET-r16, maxNumberCORESETPerPoolIndex-r16, and maxNumberUnicastPDSCH-PerPool-r16) are defined as the maximum values.

	vivo [3]
	RAN1 would like to confirm that UE capability reporting fallback concept is also applicable for UE capability multiDCI-MultiTRP

	Ericsson [4]
	In 38.306, the fallback concept is described as follows:

Fallback per CC feature set: A feature set per CC that has lower capabilities of UE supported MIMO layers and BW while keeping the numerology and other parameters the same from the reported feature set per CC for a given carrier per band.
In our view, the ‘multi-DCI-MultiTRP’ capability should also be applicable to the Fallback per CC feature set.  However, there is an issue regarding how the parameter maxNumberMIMO-LayersPDSCH should be interpreted for the ‘multi-DCI-MultiTRP’ feature.  Given that Multi-DCI Multi-TRP involves two PDSCHs, there could be two possible interpretations:

· Interpretation 1: maxNumberMIMO-LayersPDSCH is the maximum number of layers across both PDSCHs

· Interpretation 2:  maxNumberMIMO-LayersPDSCH is the maximum number of layers per PDSCHs
Our interpretation is Interpretation 1.  However, this needs to be clarified in the description of 38.306.  Hence, we propose the following answer to RAN2:

Response to RAN2:
RAN1 would like to confirm that the ‘multi-DCI-MultiTRP’ capability should also be applicable to the Fallback per CC feature set.  However, some clarification is needed in TS 38.306 on how the parameter ‘maxNumberMIMO-LayersPDSCH’ should be interpreted for the ‘multi-DCI-MultiTRP’ feature.  RAN1’s interpretation is that ‘maxNumberMIMO-LayersPDSCH’ is the maximum number of layers across both PDSCHs with regards to the ‘multi-DCI-MultiTRP’ feature.

	Nokia/
NSB [5]
	The concept of Fallback per CC feature set is defined in TS38.306 [2] as:

Fallback per CC feature set: A feature set per CC that has lower capabilities of UE supported MIMO layers and BW while keeping the numerology and other parameters the same from the reported feature set per CC for a given carrier per band.
In addition, as indicated in the LS [1], 

For Rel-15, RAN2 has previously agreed and confirmed with RAN1 and RAN4 that all the parameters present on Feature Set per CC level are applicable to the fallback concept defined in TS 38.306, except for subcarrier spacing.

In Rel-16 the following RAN1 features have been introduced which fall into the scope of this definition:

multiDCI-MultiTRP-r16
Indicates whether the UE supports multi-DCI based multi-TRP and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency. This capability applies only to BWPs where two values of coresetPoolIndex are configured. The capability signalling contains the following:

-
maxNumberCORESET-r16 indicates maximum number of CORESETs configured per BWP per cell in addition to CORESET 0.

-
maxNumberCORESETPerPoolIndex-r16 indicates maximum number of CORESETs configured per coresetPoolIndex per BWP per cell in addition to CORESET 0.

-
maxNumberUnicastPDSCH-PerPool-r16 indicates maximum number of unicast PDSCHs per coresetPoolIndex per slot.

NOTE 1:
A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a Cyclic Prefix.

NOTE 2:
Processing capability 2 is not supported in any CC if at least one CC is configured with two values of coresetPoolIndex.

NOTE 3:
If UE reports value N1 for maxNumberCORESET-r16, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

NOTE 4:
If UE reports value N2 for maxNumberCORESETPerPoolIndex-r16, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

supportFDM-SchemeB-r16

Indicates whether UE supports single DCI based FDMSchemeB
For multiDCI-MultiTRP-r16, there are parameter ranges, for which the UE indicates the maximum supported value:

· maxNumberCORESET-r16 

· maxNumberCORESETPerPoolIndex-r16 

· maxNumberUnicastPDSCH-PerPool-r16 

It should be noted that none of these parameters are related to subcarrier spacing. In addition, they are indication of the maximum value supported by the UE, with the expectation that UE supporting this capability would support any value lower than those indicated in the parameters above. 

Proposal: Confirm to RAN2 that multiDCI-MultiTRP-r16 is also applicable to the fallback concept. 

	Huawei/
HiSilicon [6]
	The concept of fallback defined in TS38.306 is given as following:

Fallback band combination: A Uu band combination that would result from another Uu band combination by releasing at least one SCell or uplink configuration of SCell, or SCG. A PC5 band combination that would result from another PC5 band combination by releasing at least one sidelink carrier. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.

Fallback per band feature set: A feature set per band that has same or lower capabilities than the reported capabilities from the reported feature set per band for a given band.

Fallback per CC feature set: A feature set per CC that has lower capabilities of UE supported MIMO layers and BW while keeping the numerology and other parameters the same from the reported feature set per CC for a given carrier per band.
For specific “Fallback per CC feature set”, the UE shall by default support lower values or capabilities than reported one. For example, if the UE reports to support maximum DL MIMO layers as four, it can fallback to PDSCH reception with 1/2/3 layers.

multiDCI-MultiTRP-r16
Indicates whether the UE supports multi-DCI based multi-TRP and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency. This capability applies only to BWPs where two values of coresetPoolIndex are configured. The capability signalling contains the following:

-
maxNumberCORESET-r16 indicates maximum number of CORESETs configured per BWP per cell in addition to CORESET 0.

-
maxNumberCORESETPerPoolIndex-r16 indicates maximum number of CORESETs configured per coresetPoolIndex per BWP per cell in addition to CORESET 0.

-
maxNumberUnicastPDSCH-PerPool-r16 indicates maximum number of unicast PDSCHs per coresetPoolIndex per slot.

NOTE 1:
A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a Cyclic Prefix.
NOTE 2:
Processing capability 2 is not supported in any CC if at least one CC is configured with two values of coresetPoolIndex.

NOTE 3:
If UE reports value N1 for maxNumberCORESET-r16, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

NOTE 4:
If UE reports value N2 for maxNumberCORESETPerPoolIndex-r16, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

FSPC

MultiDCI-MultiTRP-r16 ::=           SEQUENCE {

    maxNumberCORESET-r16                ENUMERATED {n2, n3, n4, n5},

    maxNumberCORESETPerPoolIndex-r16    INTEGER (1..3),

    maxNumberUnicastPDSCH-PerPool-r16   ENUMERATED {n1, n2, n3, n4, n7}

}

With regarding to multiDCI-MultiTRP and based on above UE capability design, in our understanding, the reported value of maxNumberCORESET-r16, maxNumberCORESETPerPoolIndex-r16 and maxNumberUnicastPDSCH-PerPool-r16 are the upper-bound of supported values. Therefore, by default the UE could support any value smaller than the reported one, similar to clarifications in notes highlighted by yellow parts. 

Therefore, it is reasonable to confirm RAN2 understanding that there is no impact to consider above capability, multiDCI-MultiTRP, as part of the fallback concept.

Proposal 1: Send an LS to RAN2 to confirm that multiDCI-MultiTRP (present in FeatureSetDownlinkPerCC) is applicable to the fallback concept


3 Proposal for discussion 
Based on the views summarized in Section 2, the following is proposed. Companies are invited to express their views on this proposal in the table below.
Proposal:

· Alt. 1: RAN1 confirms RAN2’s understanding and furthermore, from RAN1 perspective, there is no impact to consider the above capability as part of the fallback concept.
· Use R1-2104579 as draft reply LS on fallback applicability for FeatureSetDownLinkPerCC capability fields (ZTE)

· Alt. 2: RAN1 confirms RAN2’s understanding, however, some clarification is needed in TS 38.306 on how the parameter ‘maxNumberMIMO-LayersPDSCH’ should be interpreted for the ‘multi-DCI-MultiTRP’ feature 
· RAN1’s interpretation is that ‘maxNumberMIMO-LayersPDSCH’ is the maximum number of layers across both PDSCHs with regards to the ‘multi-DCI-MultiTRP’ feature
· Use R1-2105811 as draft LS reply on fallback applicability for UE FeatureSetDownLinkPerCC capability fields (Ericsson)
	Company
	Comments/Questions/Suggestions

	vivo
	It seems all companies would like to confirm RAN2’s understanding.
Regarding E///’s question, our understanding is the same as E///’s.

	Nokia, NSB
	We agree with Alt. 1 above. 

Regarding the additional issue raised by Ericsson, we believe it to be a completely separated topic, and we should not mix those two aspects in the discussion. As for the issue itself, we do not see a need for the clarification proposed by Ericsson. It is up to gNB to ensure the maximum number of MIMO layers is respected, and that depends on many factors, e.g. whether the PDSCHs are overlapping in time and frequency or not. This is not a property of multiDCI-MultiTRP-r16, but a general aspect of MIMO operation. 

	ZTE
	We have the same understanding with Nokia. 

Regarding the maximum number MIMO layers, it depends on the PDSCH are overlapping in time or not. If there is no overlapping in time for the two PDSCHs in one CC, the maximum number of layers can be scheduled for a single TRP. Anyway, this should be a separate discussion from the LS. 

	Intel
	OK to confirm RAN2 understanding.

	Apple
	We are okay to confirm RAN2 understanding, i.e., we support Alt 1
We also support to discuss the issue raised by Ericsson, in which, we support the Alt 2. 

In fact, during UE feature discussion, this issue was raised when companies proposed to introduce component for the per TRP maximum number of MIMO layers. The proposal was rejected because the common understanding that the current per FSPC ‘maxNumberMIMO-LayersPDSCH’ is the total number of layers across both PDSCH. If that is not the understanding, the initial proposal should not have been rejected. It is important to confirm it explicitly with RAN2. 

	QC
	We are ok to confirm the RAN2 understanding in reply LS.

Regarding the issue mentioned by Ericsson, we do not share the understanding of interpretation 1. Hence, we do not support “RAN1’s interpretation is that ‘maxNumberMIMO-LayersPDSCH’ is the maximum number of layers across both PDSCHs”

During capability discussions, after long discussions, CA framework from UE capability point of view is agreed including FSPC, #of CORESETs per TRP, number of TBs per slot per TRP, number of active TCI states per TRP, etc. The same is needed for # of layers. For including # of layers (both for across TRPs and per TRP), it was discussed but was not agreed during UE capability discussions. In our understanding, the fact that it was not agreed does not imply Interpretation 1. We are ok with either Interpretation 2 or with adding a UE capability for per-TRP # of layers to address the issue properly. Otherwise (in the absence of adding the proper capability), with CA framework, the same way that we do not have “max-MIMO-layers” across two CCs, interpretation 1 is not logical to have a limit across two TRPs.

	Samsung
	We support to confirm the RAN2 understanding.

Regarding the issue regarding ‘maxNumberMIMO-LayersPDSCH’ from Ericsson, we also believe that this is a separate issue and have similar understanding with Nokia and ZTE, i.e. depending on many factors, especially whether the PDSCHs are overlapped in time or not. If PDSCHs are overlapped in time (fully or partially), our understanding is interpretation 1. Otherwise, any one of both interpretations are fine.

	OPPO
	We are fine to confirm RAN2 understanding.

Regarding Ericsson’s question: In our understanding, the “maxNumberMIMO-LayersPDSCH ” specifies the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. Thus, if the two PDSCHs are partially or fully overlapped, it is an upper bound of the total number of layers across both PDSCH. If the two PDSCH are not overlapped (e.g., TDM, FDM), it refers to the maximal layers of a single PDSCH as there two PDSCH are not spatially multiplexed. 

	LG
	We support Alt1 and have the same understanding with OPPO regarding max layer.

	HW
	We support Alt 1 and ZTE’s draft to confirm the RAN2 understanding. We have the same understanding with OPPO, LG and other companies, which shall be ensured by gNB implementation. Existing ‘maxNumberMIMO-LayersPDSCH’ per CC seems to be sufficient enough from the UE perspective, in terms of supported # of per layer.

	Ericsson
	We are fine to go with Alt 1.  But regarding the issue we raised, it is good to conclude what is RAN1’s interpretation on this as there seem to be different interpretations and preferences by companies.  We are not positive to adding a UE capability for per-TRP # of layers at this late stage.  But we feel a discussion/conclusion is needed on the two interpretations in RAN1.


4 Conclusion

After further discussions during RAN1 #105-e on the RAN1 email reflector, the following was agreed:
Agreement:
· RAN1 confirms RAN2’s understanding and furthermore, from RAN1 perspective, there is no impact to consider the capability as part of the fallback concept.

· Use R1-2104579 as draft reply LS on fallback applicability for FeatureSetDownLinkPerCC capability fields (ZTE) ( Final LS in R1-2106133.

Agreement: 

· Introduce the following new FG

	16-2a-9
	Interpretation of maxNumberMIMO-LayersPDSCH for multi-DCI based mTRP
	For multi-DCI multi-TRP operation, if this FG is indicated, “maxNumberMIMO-LayersPDSCH” is interpreted as the maximum number of layers per PDSCH.
	16-2a-0
	Yes
	N/A
	
	Per band
	No
	No
	
	Note1: For multi-DCI multi-TRP operation, if this FG is not indicated, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers across two PDSCHs if having at least one RE overlapped.

Note2: For data rate calculation in Section 4.1.2 of 38.306, if this FG is indicated, each multi-DCI based multi-TRP CC is counted two times toward J.
	Optional with capability signalling


· Ask RAN2 in LS to check for any BC issues to Rel. 15 implementation
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