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This paper discusses the PDCCH blind detection in CA. The purpose is to answer the LS R1-2110757 to RAN2. 
Discussion
Background
The following agreement was achieved in RAN1#100bis-e [1] for the case 3 in Rel-16 URLLC carrier aggregation, i.e. when at least one CC is configured for PDCCH monitoring according to Rel-15 and at least one CC according to Rel-16.
	Agreements:
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 


 
According to the above mentioned agreement the UE can report one or more combinations of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16). However, this has not been captured correctly in TS 38.331 [2] and a CR [3] was handled in RAN2 to align the specification with the agreements. During that discussion it became clear that RAN2 needs more information and a LS was sent to RAN1 [4]. A part of the LS is shown below. In this paper we give our view on the questions asked by RAN2 and make a proposal for a potential reply.  
	

Part of LS on PDCCH Blind Detection in CA (R2-2109168) [4]:
To support more than one combination in RAN2 signaling for FG 11-2c and FG 11-2g, RAN2 respectfully asks RAN1 to provide the feedback for the following questions:
1. How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective?
2. Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c?
Besides, RAN2 wonders whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective?

Question 1: How many combinations for FG 11-2c and FG 11-2g can be reported at most from RAN1 perspective
According to the the agreements in RAN1#100bis-e, for FG 11-2c, the UE can report more than one supported combination of a mix of Rel-16 and Rel-15 PDCCH monitoring capabilities on different serving cells, which is specified as pdcch-BlindDetectionCA-Mixed-r16 in TS 38.331.  However, according to current ASN.1 coding, the capability of pdcch-BlindDetectionCA-Mixed-r16 as listed below has only one element with SEQUENCE type including one pdcch-BlindDetectionCA1-r16 field and one pdcch-BlindDetectionCA2-r16 field within it, which means only one combination of the mixed capabilities can be reported by the UE. It is evident that the agreement was not correctly reflected in TS 38.331 and TR 38.822 [4]. The corresponding parameter descriptrion in TS 38.331 is copied below:
	-- 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,



Similarly, for FG 11-2g, the same problem exists on the capability of pdcch-BlindDetectionCA-Mixed-NonAlignedSpan-r16, the UE can only report one combination of the mixed Rel-16 and Rel-15 PDCCH monitoring capabilities for the non-aligned span case based on current ASN.1 design, and that is not aligned with the agreements in RAN1 and the configuration description in TS 38.331.
In order to reduce the overhead of RRC signalling and to keep sufficient scheduling flexibility, we observe that to report at most 4 combinations of mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells is as good trade-off. 
Observation 1: Considering a trade-off between the signaling overhead and scheduling flexibility, at most 4 combinations are sufficient to be reported by a UE for mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells.
Question 2: Whether the “supported span arrangement for CA” should be reported for each of the combinations or reported only once for FG 11-2c
In our view, there is no significant overhead increase if the supported span arrangement (i.e. aligned/unaligned) is indicated separately for each supported combination. If there are at most 4 supported combinations, then at most 3 more bits are needed compared to a common indication for all supported combinations. This is not a large cost and it would simplify the required changes on in the TS 38.331 as well as it gives some more flexibility for the UE implementation and network operation. It is therefore our (slight) preference to indicate the supported span arrangement separately for each reported combination. >We make the following observation.
Observation 2: It is simple and provides more flexibility to report the span arrangement for each reported combination. The additional RRC signaling overhead is low.
Supporting multiple combinations for FG 11-2e
This section is about NR-DC operation and discusses the last question in the received LS, “RAN2 wonders whether more than one combination should be supported for FG 11-2e as well? If the answer is yes, how many combinations for FG 11-2e can be reported at most from RAN1 perspective”.
For the first part, if multiple combinations shall be supported, RAN1 achieved the following agreement in the RAN1#101-e the meeting [9], which implies that the first part of the asked question should be answered with “yes”:
	Agreement
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




For the second part, in order to keep the signaling overhead and implementation complexity on the same level, at most the same number of combinations as answered for Question 1 should be supported. This is also evident from the UE feature description for FG 11-2e [5], where it is said that one combination for NR-DC corresponds to one combination for CA. Thus, whatever number RAN1 is going to decide for Question 1, the same number should also be applied for NR-DC.
From 38.822 on FG 11-2e [5]:
	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)



Observation 3: RAN1 has made the necessary agreements to answer the last question in the LS from RAN2 about NR-DC.
Potential LS reply to RAN2
The LS reply based on the discussion in Sections 2.1.1-2.1.4 is provided in our companion contribution R1-2112407 [6]. In short, we are making the following proposal:
Proposal 1: RAN1 provides the following answers to RAN2
· FG 11-2c and FG 11-2g, at most 4 combinations are reported by a UE for mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells.
· For 11-2c, the span arrangement is reported for each combination
· For FG 11-2e, multiple combinations should be supported. The same maximum number as agreed for 11-2c should be supported.
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the LS reply to RAN2 about the PDCCH blind detection in CA and we are making the following observations and proposal:
Observation 1: Considering a trade-off between the signaling overhead and scheduling flexibility, at most 4 combinations are sufficient to be reported by a UE for mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells.
Observation 2: It is simple and provides more flexibility to report the span arrangement for each reported combination. The additional RRC signaling overhead is low.
Observation 3: RAN1 has made the necessary agreements to answer the last question in the LS from RAN2 about NR-DC.
Proposal 1: RAN1 provides the following answers to RAN2
· FG 11-2c and FG 11-2g, at most 4 combinations are reported by a UE for mixed Rel-16 and Rel-15 PDCCH monitoring capabilities among different serving cells.
· For 11-2c, the span arrangement is reported for each combination
· For FG 11-2e, multiple combinations should be supported. The same maximum number as agreed for 11-2c should be supported.
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