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1. Background

RAN1 has received an LS from RAN4 regarding PUCCH SCell activation procedure [1]. The concerned scenarios are following 4 cases of unknown PUCCH SCell activation.
· unknown FR1 PUCCH SCell activation with a valid TA
· unknown FR2 PUCCH SCell activation with a valid TA
· unknown FR1 PUCCH SCell activation without a valid TA
· unknown FR2 PUCCH SCell activation without a valid TA

The questions are following.
Q1: Whether UE can report CSI (e.g. L1-RSRP) of the target being-activated PUCCH SCell belonging to secondary PUCCH group by configuring CSI report setting (e.g. CSI-ReportConfig) on any active serving cells belonging to primary PUCCH group
[bookmark: _Hlk80816016]Q2: Whether the above observation is correct, i.e. the identified four cases are not supported by the current RAN1 and RAN2 specification
Q3: Whether the above identified cases can be supported by RAN1 and RAN2 spec updates within Rel-17 timeframe.
RAN4 will further discuss whether/how to define requirements of PUCCH SCell activation for the above cases based on RAN1 and RAN2 reply to above questions.

In this paper, we discuss the issue and possible solution for this.

2. Discussion

RAN4 has discussed several options to enable PUCCH SCell activation which is in unknown condition, e.g.:
· Option 1: CSI measured on PUCCH SCell is reported on a UL cell in the primary PUCCH group
· PUCCH SCell can be regarded as a normal SCell in the primary PUCCH group
· Option 2: CBRA on PUCCH SCell
· Based on the preferred SSB and associated PRACH, the common understanding on preferred beams can be established
· Option 3: BFR for PUCCH SCell using the primary PUCCH group when it is being activated
· The UE can inform preferred beam via MAC-CE on a PUSCH in the primary PUCCH group
· Option 4: L3 measurement based (no spec support)

Among these options, Option 2 and Option 3 require non-trivial RAN1/RAN2 specification changes. More specifically, Option 2 requires RAN1 to support Type-1 CSS set on PUCCH SCell. Since this is contention based, Msg.2, Msg.3, and Msg.4 communication would have to be done within the PUCCH SCell, which would have more additional impacts. Option 3 would require adding “the PUCCH SCell is unknown when activation procedure is triggered” as a condition of BFD for the PUCCH SCell, and would also require UE to implement SCell BFR feature for the purpose of PUCCH SCell activation. Option 4, on the other hand, does not require any specification changes, but is suboptimal as a solution; gNB must be responsible for the PUCCH SCell management such that it does not go to unknown condition. 

Considering the above aspect, it would be good to check if Option 1 is feasible/possible from RAN1 point of view.

According to the RAN1 specification (38.213 Section 9), it is clear that the following are per PUCCH-group/cell-group:
· HARQ-ACK codebook determination
· PUCCH resource/resource set and PUCCH format determination
· Multiplexing HARQ-ACK/SR or multiple UCI types on a PUCCH/PUSCH
· PUCCH repetition
On the other hand, the above does not prohibit “CSI measured on a DL cell in a first PUCCH-group is reported on a UL cell in a second PUCCH-group”. RAN2 spec does not have a restriction on the association between a DL cell for CSI measurement and a UL cell for its report – RRC signalling allows flexible association for NR-CA with two PUCCH-groups. 

Observation:
· The current specs do not prohibit “CSI measured on a DL cell in a first PUCCH-group is reported on a UL cell in a second PUCCH-group”.

In the following, cross PUCCH-group CSI measurement – CSI report association is reviewed to check if any RAN1 specification change is necessary.

Cross PUCCH-group CSI measurement - CSI report association for A-CSI 
At first, cross PUCCH-group association for A-CSI report is reviewed. Figure 1 (a) illustrates the simplest case where CSI measured on DL cells in PUCCH group 1 is reported on a PUSCH that triggers A-CSI report on a UL cell in PUCCH group 2. Red arrows show the associations that cannot be made if cross PUCCH-group association for A-CSI report is not allowed. For enabling this, CSI-AperiodicTriggerStateList for a UL cell in PUCCH group 2 lists CSI-RS resource sets for DL cells in the other PUCCH-groups. Figure 1 (b) shows the case where P-CSI measured on DL cells are configured to be reported on a PUCCH of PUCCH group 2. Since these PUCCH and PUSCH with A-CSI are in different PUCCH groups, they are independent and can be transmitted simultaneously.
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(a) A-CSI on PUSCH				(b) A-CSI on PUSCH and P-CSI on PUCCH
Fig. 1	CSI measured on DL cell(s) in PUCCH group 1 are triggered to be reported by a PUSCH on a UL cell in PUCCH group 2

Figure 2 illustrates the case where HARQ-ACK multiplexing and UCI piggyback on PUSCH are involved. Red arrows show the associations that cannot be made if cross PUCCH-group association for A-CSI report is not allowed. HARQ-ACK feedback is per PUCCH-group and does not cross the PUCCH-groups. UCI multiplexing procedure on a PUSCH is also per PUCCH-group. Therefore, in the illustrated example, the PUSCH with A-CSI on PUCCH group 1 multiplexes HARQ-ACK for the DL cells in the same PUCCH group, while the PUSCH without A-CSI on PUCCH group 2 multiplexes HARQ-ACK and P-CSI for DL cells in the same PUCCH group.
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Fig. 2	Cross PUCCH-group association with HARQ-ACK multiplexing and UCI piggyback on PUSCH

Note that 38.214 specifies that there is no more than one A-CSI triggering DCI in a slot and no more than one PUSCH for A-CSI transmission in a slot per cell-group. Therefore, simultaneous transmissions of PUSCHs with A-CSI report on two UL carriers in the same or different PUCCH-groups is not allowed.

Cross PUCCH-group CSI measurement - CSI report association for P-CSI 
Next, cross PUCCH-group association for P-CSI report is reviewed. For P-CSI on PUCCH, association between CSI-RS resource sets on a DL cell and PUCCH resource for P-CSI report can be provided as part of CSI-ReportConfig. Figure 3 illustrates the case where CSI measured on DL cells in PUCCH groups 1 and 2 are reported on a PUCCH that is configured for P-CSI report on UL cells in PUCCH groups 2 and 1, respectively. Red arrows show the associations that cannot be made if cross PUCCH-group association for P-CSI is not allowed. Unlike A-CSI on PUSCH, simultaneous transmission of PUCCHs for P-CSI report on the same slot over two PUCCH-groups is allowed. 

[image: ]
Fig. 3	CSI measured on DL cell(s) in PUCCH group 1/2 are configured to be reported by a PUCCH on a UL cell in PUCCH group 2/1

When HARQ-ACK multiplexing and UCI piggyback on PUSCH are involved, the procedure can look like Figure 4. Within a PUCCH group, HARQ-ACK is multiplexed with CSI on a PUCCH or on a PUSCH. If the PUSCH triggers A-CSI, then the P-CSI on PUCCH that overlaps with the PUSCH in the same PUCCH-group is dropped. If the PUSCH does not trigger A-CSI, then the P-CSI and HARQ-ACK are multiplexed on the PUSCH in the same PUCCH-group. All such UCI multiplexing procedures are per PUCCH-group.
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Fig. 4	Cross PUCCH-group association with HARQ-ACK multiplexing and UCI piggyback on PUSCH

As reviewed above, we consider cross PUCCH-group CSI measurement – CSI report association can be enabled for both A-CSI report and P-CSI report, and these supports do not require RAN1/RAN2 spec changes. 38.213 Section 9 specifies procedures in per PUCCH-group manner, but this does not mean that cross PUCCH-group CSI measurement – CSI report association is not allowed. 

Note that the RAN1 spec is identical for NR-CA with two PUCCH groups and for NR-DC. However, unlike for NR-CA with two PUCCH groups, we believe “CSI measured on DL cell(s) in one cell-group is reported on UL cell in the other cell group” is NOT allowed for NR-DC. This should be clarified.

Proposal 1:
· Clarify that “For NR-CA with PUCCH-SCell, CSI measured on a DL cell in a first PUCCH-group is reported on a UL cell in a second PUCCH-group” is allowed.
· Clarify that “For NR-DC, CSI measured on a DL cell in a first cell-group is reported on a UL cell in a second cell-group” is not supported.

Based on the above, RAN1’s answer to the Q1 of RAN4 LS should be ‘yes’. 

Proposal 2:
· RAN1’s answer to the Q1 of RAN4 LS is ‘yes’.

3. Conclusion
In this contribution, we provided our view on PUCCH SCell activation procedure. The observation and proposal are following.

Observation:
· The current specs do not prohibit “CSI measured on a DL cell in a first PUCCH-group is reported on a UL cell in a second PUCCH-group”.

Proposal 1:
· Clarify that “For NR-CA with PUCCH-SCell, CSI measured on a DL cell in a first PUCCH-group is reported on a UL cell in a second PUCCH-group” is allowed.
· Clarify that “For NR-DC, CSI measured on a DL cell in a first cell-group is reported on a UL cell in a second cell-group” is not supported.

Proposal 2:
· RAN1’s answer to the Q1 of RAN4 LS is ‘yes’.
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