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Introduction
For the UE features for PDCCH monitoring capabilities in CA and NR-DC, two LS have been exchanged between RAN1 and RAN2 [1][2].
RAN2 LS [2] raised concerns from higher signalling perspectives, which casts doubt on the latest RAN1 understanding [1]. RAN1 needs to revisit the related understanding in [1] and decide a way forward. In this contribution, the issues are analysed, and potential responses to RAN2 are provided.
[bookmark: _Ref178064866]Discussion
Question on MCG and SCG capabilities
The first question from RAN2 is the following.
	R1-2203045 (R2-2204055):
According to the RAN1 LS, there is a note 2 that one combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) reported by a UE for FG 11-2e corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by the UE for FG 11-2c or FG 11-2g. 
[bookmark: _Hlk101217868]RAN2 defined two separate PDCCH blind detection capabilities for MCG (pdcch-BlindDetectionMCG-UE-Mixed-r16) and SCG (pdcch-BlindDetectionSCG-UE-Mixed-r16). In current RAN2 specification, there is no requirement for UE supporting NR-DC to report the capabilities for both MCG and SCG. RAN2 respectively asks RAN1 to clarify whether the wording above means that UE is required to report both capabilities for MCG and SCG? RAN2 concerns if adding such restriction leads to a non-backward compatible change for Release-16.



For the above question in RAN2 LS, there seems to be some disconnection in RAN1 understanding and RAN2 understanding.
From RAN1 perspective, the capabilities for MCG (pdcch-BlindDetectionMCG-UE-Mixed-r16) and SCG (pdcch-BlindDetectionSCG-UE-Mixed-r16) should both be reported. This is according to the RAN1 agreement at RAN1#101e (see appendix), and reflected in the component description of 11-2e:
	11-2e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)



Thus our first preference is to keep the existing RAN1 understanding, i.e., UE is required to report capabilities for both MCG and SCG. While it is not desirable to have non-backward compatible change, an exception can be made here, since this change can be considered a clarification, and has no impact to the existing ASN.1 code.
[bookmark: _Toc101771279]As a first preference, reply to RAN2 LS: “Note 2 reflects RAN1 understanding since RAN1#101e (June 2020) that UE is required to report capabilities for both MCG and SCG”.

On the other hand, if the non-backward compatibility issue raised by RAN2 has to be resolved, then RAN1 needs to discuss and agree on some default values if either MCG or SCG capabilities is not reported by UE.  In the following, the default values for the set that’s not signalled by UE is described, when following RAN2 understanding. That is, If the UE reports the blind decoding capability for one of MCG and SCG only (i.e., not both), then:

· If the UE reports the capabilities for MCG only, then the default capabilities for SCG are: 
· If the UE reports pdcch-BlindDetectionCA1 (i.e., Rel-15 monitoring),
· pdcch-BlindDetectionSCG-UE1 = pdcch-BlindDetectionCA1 - pdcch-BlindDetectionMCG-UE1;
· otherwise:
· pdcch-BlindDetectionSCG-UE1 =  - pdcch-BlindDetectionMCG-UE1;
· If the UE reports pdcch-BlindDetectionCA2 (i.e., Rel-16 monitoring),
· pdcch-BlindDetectionSCG-UE2 = pdcch-BlindDetectionCA2 - pdcch-BlindDetectionMCG-UE2;
· otherwise:
· pdcch-BlindDetectionSCG-UE2 =  - pdcch-BlindDetectionMCG-UE2;
· If the UE reports the capabilities for SCG only, then the default capabilities for MCG are:
· If the UE reports pdcch-BlindDetectionCA1 (i.e., Rel-15 monitoring), 
· pdcch-BlindDetectionMCG-UE1 = pdcch-BlindDetectionCA1 - pdcch-BlindDetectionSCG-UE1;
· otherwise:
· pdcch-BlindDetectionMCG-UE1 =  - pdcch-BlindDetectionSCG-UE1;
· If the UE reports pdcch-BlindDetectionCA2 (i.e., Rel-16 monitoring),
· pdcch-BlindDetectionMCG-UE2 = pdcch-BlindDetectionCA2 - pdcch-BlindDetectionSCG-UE2;
· otherwise:
· pdcch-BlindDetectionMCG-UE2 =  - pdcch-BlindDetectionSCG-UE2;

In the above,  is the number of downlink cells configured with monitoringCapabilityConfig = r15monitoringcapability;  is the number of downlink cells configured with monitoringCapabilityConfig = r16monitoringcapability, as used in 38.213 description.
As can be seen, it is not trivial to define default capability values if not reported. Changes may need to be made to RAN1 specification (e.g., 38.213) as well to capture the default values. 
Thus it is not preferred to allow the UE to report capabilities for MCG or SCG, but not both. We can accept only if this is absolutely necessary. 

[bookmark: _Toc101771280]As a second preference, RAN1 can follow RAN2 understanding and add a note to FG 11-2e that: when the capabilities for MCG (pdcch-BlindDetectionMCG-UE-Mixed-r16) or SCG (pdcch-BlindDetectionSCG-UE-Mixed-r16) is reported but not both, the capabilities for the absent cell group are given default values, where the default values are derived from CA monitoring capabilities if reported, and derived from the number of configured DL cells otherwise.

Question on note 3 and note 4 in R1-2112833 (LS)
The second question from RAN2 is the following.

	R1-2203045 (R2-2204055):
RAN2 would also like to point out that regarding note 3 and note 4, in existing RAN2 specification there is no such restriction that only one of FG 11-2c and FG 11-2g is reported if supported, and no restriction that only one of FG 11-2a and FG 11-2f is reported if supported. To ensure backward compatibility, RAN2 respectively asks RAN1 to clarify how to interpret it if the UE reports both of FG 11-2c and FG 11-2g, or both of FG 11-2a and FG 11-2f?



Considering the question raised by RAN2, RAN1 should withdraw the restriction that only one of FG 11-2c and FG 11-2g is reported if supported (the same for FG 11-2a and FG 11-2f). Rather, RAN1 need to clarify the understanding when both of FG 11-2c and FG 11-2g, or both of FG 11-2a and FG 11-2f, are reported.

Our understanding of the relationship between FG 11-2c and FG 11-2g is the following. For a UE that supports aligned span and non-aligned span:
· FG 11-2c has no restriction on the non-aligned span, if non-aligned span is supported.
· 11-2c can also indicate the support of “aligned span only” via supportedSpanArrangement.
· FG 11-2g carries restriction on the non-aligned span. Thus for the support of non-aligned span, 11-2g UE is less capable than 11-2c UE. For a given CA combination, it is possible for a (more capable) UE to report both 11-2c and 11-2g, or a (less capable) UE to report 11-2g only.
· 11-2g always indicates the support of both aligned span and non-aligned span. That is, no signalling of supportedSpanArrangement.

In the following, Table 1 summarizes the interpretation of possible combinations of FG 11-2c and 11-2g. 
Table 1. Interpretation of combinations of FG 11-2c and 11-2g.
	[bookmark: _Hlk87353252]UE report of 11-2c
	UE report of 11-2g
	Interpretation

	11-2c is reported; supportedSpanArrangement = alignedAndNonAligned
	Regardless of 11-2g is reported by UE or not
	The gNB can configure aligned spans and non-aligned spans. For non-aligned spans, the gNB can configure without restriction. 
Since 11-2c non-aligned span is supported by UE, gNB can schedule non-aligned spans without restriction.

	11-2c is reported; 
supportedSpanArrangement = alignedOnly
	11-2g is reported
	The gNB can configure aligned spans and non-aligned spans.  For non-aligned spans, the gNB can configure with restriction. 
The gNB can schedule non-aligned span with restriction according to 11-2g report, but cannot schedule non-aligned spans without restriction since 11-2c reports aligned span only.

	11-2c is reported; 
supportedSpanArrangement = alignedOnly
	11-2g is not reported 
	The gNB can configure aligned spans, but cannot configure non-aligned spans.
With 11-2g absent, gNB follows 11-2c.

	11-2c is not reported
	11-2g is reported
	The gNB can configure aligned spans and non-aligned spans.  For non-aligned spans, the gNB can configure with restriction.
With 11-2c absent, gNB follows 11-2g.



The same clarification applies to FG 11-2a and FG 11-2f. It is suggested that RAN1 sends the clarification above to RAN2, so that RAN2 can capture in the specification. Exactly how to capture is up to RAN2.

[bookmark: _Toc101771281]RAN1 clarify the understanding when both of FG 11-2c and FG 11-2g, or both of FG 11-2a and FG 11-2f, are reported.
[bookmark: _Toc101771282]The understanding is according to Table 1 when both of FG 11-2c and FG 11-2g are reported. Similar understanding applies when both of FG 11-2a and FG 11-2f are reported.

Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	As a first preference, reply to RAN2 LS: “Note 2 reflects RAN1 understanding since RAN1#101e (June 2020) that UE is required to report capabilities for both MCG and SCG”.
Proposal 2	As a second preference, RAN1 can follow RAN2 understanding and add a note to FG 11-2e that: when the capabilities for MCG (pdcch-BlindDetectionMCG-UE-Mixed-r16) or SCG (pdcch-BlindDetectionSCG-UE-Mixed-r16) is reported but not both, the capabilities for the absent cell group are given default values, where the default values are derived from CA monitoring capabilities if reported, and derived from the number of configured DL cells otherwise.
Proposal 3	RAN1 clarify the understanding when both of FG 11-2c and FG 11-2g, or both of FG 11-2a and FG 11-2f, are reported.
Proposal 4	The understanding is according to Table 1 when both of FG 11-2c and FG 11-2g are reported. Similar understanding applies when both of FG 11-2a and FG 11-2f are reported.
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Appendix

Relevant RAN1 agreements

	Agreements (RAN1#100bis-e, April 2020)
For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
·         If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 
Agreement  (RAN1#101-e, June 2020)
For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) for CA:
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· [3]<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 
Agreement (RAN1#101-e, June 2020)
For NR-DC operation with at least one downlink cell using Rel-16 PDCCH monitoring capability and at least one downlink cell using Rel-15 PDCCH monitoring capability, and if a UE reports the capability of CC limits for NR-DC operation separately from CA operation, 
· UE reports one or more combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
· One combination of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16) corresponds to one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) reported by a UE for CA operation
· pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-BlindDetectionCA-r16
· pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15>= pdcch-BlindDetectionCA-r15
· 3<= The minimum of pdcch-BlindDetectionMCG-UE-r16 +  pdcch-BlindDetectionSCG-UE-r16 + pdcch-BlindDetectionMCG-UE-r15 + pdcch-BlindDetectionSCG-UE-r15 <=16






TR 38.822 V16.9.0 (2022-03)
	11-2a
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
	1.	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
-	Candidate value for the component: {2, 3, …, 16)
2.	Supported span arrangement for CA
-	Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
	11-2
	pdcch-MonitoringCA-r16 {
maxNumberOfMonitoringCC-r16 ,
supportedSpanArrangement-r16
}

	11-2c
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2.	Supported span arrangement for CA
-	Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}

	11-2b
	pdcch-BlindDetectionCA-Mixed-r16 {
pdcch-BlindDetectionCA1-r16,
pdcch-BlindDetectionCA2-r16,
supportedSpanArrangement-r16
}

	11-2e
	Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers
	Supported combination(s) of (pdcch-BlindDetectionMCG-UE-r15, pdcch-BlindDetectionSCG-UE-r15, pdcch-BlindDetectionMCG-UE-r16, pdcch-BlindDetectionSCG-UE-r16)
	11-2b
	pdcch-BlindDetectionMCG-UE-Mixed-r16 {
pdcch-BlindDetectionMCG-UE1-r16
pdcch-BlindDetectionMCG-UE2-r16}
pdcch-BlindDetectionSCG-UE-Mixed-r16 {
pdcch-BlindDetectionSCG-UE1-r16,
pdcch-BlindDetectionSCG-UE2-r16}

	11-2f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells with restriction for non-aligned span case
	1.	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
-	Candidate value for the component: {2, 3, …, 16}
2.	UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	11-2
	pdcch-MonitoringCA-NonAlignedSpan-r16

	11-2g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers with restriction for non-aligned span case
	1.	Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
-	Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
-	Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
[bookmark: _Hlk101553506]2.	UE supports aligned span and non-aligned span
In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot
	11-2b
	pdcch-BlindDetectionCA-Mixed-NonAlignedSpan-r16
{
pdcch-BlindDetectionCA1-r16,
pdcch-BlindDetectionCA2-r16
}



TS 38.331 V16.8.0 (2022-03)

    -- R1 11-2e: Number of carriers for CCE/BD scaling for MCG and for SCG when configured for NR-DC operation with mix of Rel. 16 and
    -- Rel. 15 PDCCH monitoring capabilities on different carriers
    pdcch-BlindDetectionMCG-UE-Mixed-r16              SEQUENCE {
        pdcch-BlindDetectionMCG-UE1-r16                   INTEGER (0..15),
        pdcch-BlindDetectionMCG-UE2-r16                   INTEGER (0..15)
    }                                                                               OPTIONAL,
    pdcch-BlindDetectionSCG-UE-Mixed-r16              SEQUENCE {
        pdcch-BlindDetectionSCG-UE1-r16                   INTEGER (0..15),
        pdcch-BlindDetectionSCG-UE2-r16                   INTEGER (0..15)
    }                                                                               OPTIONAL,

    -- R1 11-2a: Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured
    -- with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
    pdcch-MonitoringCA-r16                            SEQUENCE {
        maxNumberOfMonitoringCC-r16                       INTEGER (2..16),
        supportedSpanArrangement-r16                      ENUMERATED {alignedOnly, alignedAndNonAligned}
    }                                                                               OPTIONAL,
    -- R1 11-2c: Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on
    -- different carriers
    pdcch-BlindDetectionCA-Mixed-r16                  SEQUENCE {
        pdcch-BlindDetectionCA1-r16                       INTEGER (1..15),
        pdcch-BlindDetectionCA2-r16                       INTEGER (1..15),
        supportedSpanArrangement-r16                      ENUMERATED {alignedOnly, alignedAndNonAligned}
    }                                                                               OPTIONAL,

    -- R1 11-2f: add the replicated FGs of 11-2a/c with restriction for non-aligned span case
    -- with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
    pdcch-MonitoringCA-NonAlignedSpan-r16                         INTEGER (2..16)                 OPTIONAL,
    -- R1 11-2g: add the replicated FGs of 11-2a/c with restriction for non-aligned span case
    pdcch-BlindDetectionCA-Mixed-NonAlignedSpan-r16               SEQUENCE {
        pdcch-BlindDetectionCA1-r16                                   INTEGER (1..15),
        pdcch-BlindDetectionCA2-r16                                   INTEGER (1..15)
    }                                                                                             OPTIONAL
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