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[bookmark: _Ref506539118]Introduction
In this contribution, we discuss remaining details for network controlled repeater (NCR) and multi-carrier enhancement (MC-Enh). In particular, for NCR, we discuss the remaining issues for 
· DCI carrying side control information
· Beam application latency
· UL operation in case of simultaneous UL transmission of C-link and backhaul link 
For MC-Enh, we discuss the remaining issues for 
· DCI size for multi-cell scheduling
· SCell dormancy indication
· Type 2 HARQ-ACK codebook

Remaining issues for network controlled repeater
In this section, we discuss remaining issues for network controlled repeater. 
Remaining issue for DCI carrying side control information 
RAN1 agreed the number of fields for time resource indication Tmax is RRC configurable. Apparently, the most straightforward way is to configure the value of Tmax. In the previous RAN1 meeting, there was a proposal to derive Tmax by the number of different slot offsets (i.e., the number of slotOffsetAperiodic with different values). However, the dependency on configured values for slot offsets leads to unnecessary restriction on number of time domain resources indicated by one DCI, e.g., multiple time domain resources with the same slot offset but different symbol offset for different beams may not be well-supported. Therefore, explicit configuration of value of Tmax should be supported. The maximum value of Tmax can be 8 or 16, with consideration of typical repetition number, prediction of scheduling and the maximum payload of a DCI which should be no larger than existing upper bound of the DCI.  
	Agreement [1]
For each aperiodic beam indication for access link via DCI, Tmax = Lmax is supported.
· The time indication and beam indication is sequentially associated with one to one mapping.
· The value of Tmax is RRC configurable



Proposal 1-1: The number of fields for time resource indication Tmax is explicitly configured by gNB. The maximum value of Tmax can be 8 or 16. 
RAN1 agreed that DCI format 5_0 carrying the side control information is monitored by the NCR-MT at least in the UE specific search space. One FFS point is whether DCI format 5_0 can be monitored in Type-3 CSS. Considering one DCI carries side control information only for single NCR, and the indicated side control information is commonly applied to all carriers to be forwarded by the NCR, there is no clear motivation to monitor the DCI format 5_0 in type-3 CSS. 
	Agreement
The DCI Format 5_0 carrying the side control information is monitored by the NCR-MT at least in the UE specific search space.
· Note: The existing configuration of UE specific search space will be reused.



Observation 1-1: No clear motivation is observed to support DCI format 5_0 in type-3 CSS.
For UE specific search space for DCI format 5_0, considering different functionality, different payload and different performance requirement which may require different aggregation level and number of candidates, separate search space configuration for DCI format 5_0 and legacy DCI format is desirable. 
Proposal 1-2: UE specific search space for DCI format 5_0 is separately configured from the UE specific search space for legacy DCI format. 
Another aspect of DCI format 5_0 is, whether DCI format 5_0 would have impact on existing DCI size budget and DCI size alignment procedure. According to existing DCI size budget, 
(1) the total number of different DCI sizes configured to monitor is no more than M=4 for the cell 
(2) the total number of different DCI sizes with C-RNTI configured to monitor is no more than N=3 for the cell. 
Since DCI format 5_0 is associated with a new dedicated RNTI, it is natural to count the DCI size for DCI format 5_0 in (1). 
Proposal 1-3: Existing DCI size budget (M=4, N=3) is reused for NCR-MT. The DCI size of DCI format 5_0 with dedicated RNTI is counted in M not in N. 
  
Beam application latency 
RAN1 agreed the refence slot of slot offset for each time domain resource is determined by the slot n in which a DCI carrying side control information receives and the beam application latency k. 
	Agreement [1]
For the aperiodic beam indication, the reference of slot offset for each time resource is defined as the slot n+k where n refers to the slot that NCR-MT receive the DCI carrying the indication and:
· Option-2: k refers to the offset value [defined by NCR-MT capability and/or declared by vendor].
· Note: This k is different from the parameter used to define the Slot offset for the time resource.


To determine the value of k, the most similar framework which exists in current specifications is the time application for QCL, associated with timeDurationForQCL UE capability. This framework relies on the capability as well as SCS relation between PDCCH with DCI and PDCCH/PDSCH where it is applied. For NCR, the sub-carrier spacing of both PDCCH carrying the beam indication and SCS indicated for time domain resource may be considered. However, strictly speaking on NCR-FWD there is no distinct SCS associated required for operation of amplify-and-forward, the SCS may only be needed to calculate time durations for beam indication applications. Therefore, mainly SCS of PDCCH carrying the DCI should be involved. In addition, the overall latency for NCR also includes inter-module delay Y between NCR-MT and NCR-FWD. Different NCR implementations are envisioned, and some may require non-negligible delay (e.g., larger than a CP) to pass the control information from NCR-MT to NCR-FWD for application. In that sense, it is reasonable to discuss NCR capability for the inter-module delay Y. The possible values for Y may include at least 0 ms and some non-zero values, which can be discussed as part of NCR capability.
Regarding how gNB knows the value of beam application latency, two different options were discussed. One is to report by NCR-MT based on existing UE Capability report, another is declared by vendor. Considering existing framework already supports timeDurationForQCL UE capability report, it is natural to reuse existing UE capability framework for beam application latency for NCR-FWD. For example, the existing parameter timeDurationForQCL can be reused with newly added values which can also incorporate the impact of inter-module delay Y. Alternatively, in addition to existing parameter timeDurationForQCL with existing set of values, parameter Y can be reported. 
Proposal 1-4: Support NCR-MT capability report for beam application latency k by adding new value for existing parameter timeDurationForQCL to incorporate additional delay caused by inter-module delay Y or adding a new parameter Y in addition to existing parameter timeDurationForQCL. 

UL for backhaul link and C-link
RAN1 agreed simultaneous UL transmission of C-link and backhaul link is NCR-MT capability. TDM’ed UL transmission of C-link and backhaul link is default capability.
For a UE supporting simultaneous UL transmission of C-link and backhaul link, in case of limited total UL Tx power, a priority rule should be defined to prioritize UL power for one link. Considering importance of C-link, it is reasonable to prioritize UL power for C-link and backhaul link can use the remaining power. 
For a UE incapable of simultaneous UL transmission of C-link and backhaul link, if gNB may not well coordinate C-link and backhaul link for some cases, a rule to drop one link should be defined, e.g., drop backhaul link.  
Proposal 1-5: For a UE supporting simultaneous UL transmission of C-link and backhaul link, C-link is prioritized for UL power allocation in a symbol with UL transmission in both C-link and backhaul link. For a UE not supporting simultaneous UL transmission of C-link and backhaul link, backhaul link is dropped in a symbol with UL transmission in C-link. 

1 Remaining issues for multi-carrier enhancement
In this section, we discuss remaining issues for multi-carrier enhancement.
1.1 Remaining issues for DCI size for multi-cell scheduling
At the RAN1#112 meeting, the following agreements were made regarding the carrier indication and size of different types of DCI fields for multi-cell scheduling [1]. 
	Agreement
For a set of cells which is configured for multi-cell scheduling using DCI format 0_X and DCI format 1_X, support the following:  
· If table defining combinations of co-scheduled cells for the set of cells is configured, 
· an indicator in the DCI is included and points to one row of the table.
· The table is configured by RRC signaling for the set of cells.
· Separate tables are configured for downlink scheduling and uplink scheduling 
· The size of the indicator is equal to ceil(log2(N)), where N is the number of rows in the table.
· The max number of rows in the table is 16
· The size of the per-cell Type 2 fields for each co-scheduled cell does not change according to the indicated co-scheduled cell combination
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 1_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for the active BWP(s) of all the co-scheduled cell combinations and equal to the largest payload size among the active BWP(s) of all the co-scheduled cell combinations determined by the co-scheduled cell combination table.
· Otherwise, 
· The UE determines the actually scheduled cell(s) based on the FDRA field of each cell of the set of cells.
· For Type 0 FDRA, all 0s indicates the cell is not scheduled.
· For Type 1 FDRA, all 1s indicates the cell is not scheduled.
· The size of the Type 2 fields for each cell does not change according to actually co-scheduled cells. 
· The payload size of DCI format 0_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.
· The payload size of DCI format 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells.

Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.




Based on the agreement, when carrier indication table is configured, the payload size of DCI format 0_X and 1_X is derived based on RRC configuration of the active BWP(s) of co-scheduled cell combinations within the set of cells. However, according to the agreement on the size determination of Type 1A, Type 1B and Type 2 field for multi-cell scheduling, it is evident that size of Type 1A and Type 1B is derived based on all cells within the set of cells. This indicates that the total payload size of DCI format 0_X and 1_X cannot be derived based on the cell combinations within the set of cells. 
To resolve this conflict, if table defining combinations of co-scheduled cells for the set of cells is configured, the payload size of DCI format 0_X and 1_X can follow the case when the carrier indication table is not configured. In particular, the payload size of DCI format 0_X or 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells, respectively.
Proposal 2-1: If table defining combinations of co-scheduled cells for the set of cells is configured, the payload size of DCI format 0_X or 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells, respectively. 

1.2 Remaining issues for SCell dormancy indication
At the RAN1#112 meeting, the following agreement was made regarding SCell dormancy indication [1]:
	Agreement
Inclusion of SCell dormancy indication in DCI format 0_X/1_X is configurable



As defined in Rel-16, if no data is scheduled on Pcell, some fields in the DCI format 1_1 are re-interpreted used for SCell dormancy indication, which include Modulation and coding scheme of transport block 1, New data indicator of transport block 1, Redundancy version of transport block 1, HARQ process number, Antenna port(s) and DMRS sequence initialization. 
For multi-cell scheduling by DCI format 1_X, the fields ‘Modulation and coding scheme of transport block 1’, ‘New data indicator of transport block 1’, ‘Redundancy version of transport block 1’ and ‘HARQ process number’ were agreed as Type 2, which means each PCell or SCell has its dedicated fields respectively. However, ‘DMRS sequence initialization’ field was agreed as Type 1A. Even when PCell is not scheduled with data, the ‘DMRS sequence initialization’ field may still be applicable to a SCell. Further, ‘antenna port(s)’ field can be configured between Type 1A and Type 2. It may not be applicable if Type 1A is configured for the ‘antenna port(s)’ field. In summary, since the ‘antenna port(s)’ and ‘DMRS sequence initialization’ fields may not be available for SCell dormancy indication, the maximum number of repurposed bits from PCell can be less than 15. 
One simple solution to address this issue is to repurpose fields from PCell and a SCell. For both PCell and the SCell, the FDRA filed are set to all ‘0’ or all ‘1’. If there are multiple SCells that are indicated with FDRA of all 0s or all 1s, DCI fields of the SCell with lowest index can be used for SCell dormancy indication. As in Rel-16, gNB will not schedule PDSCH to PCell and the SCell when the DCI fields for the SCell are reused for SCell dormancy indication. On the other hand, for better resource efficiency, it can be considered to allow PDSCH scheduling by the DCI to a SCell if the DCI fields for the SCell are not reused for SCell dormancy indication. The following fields for the scheduling of PCell and the SCell can be repurposed for SCell dormancy indication: ‘Modulation and coding scheme of transport block 1’, ‘New data indicator of transport block 1’, ‘Redundancy version of transport block 1’ and ‘HARQ process number’. 
Proposal 2-2: For SCell dormancy indication by a DCI format 1_X, 
· The following fields for the scheduling of PCell and a SCell can be repurposed for SCell dormancy indication: ‘Modulation and coding scheme of transport block 1’, ‘New data indicator of transport block 1’, ‘Redundancy version of transport block 1’ and ‘HARQ process number’
· For both PCell and the SCell, the FDRA fields are set to all ‘0’ or all ‘1’
· The DCI may schedule a PDSCH to a SCell if the DCI fields for the SCell are not reused for SCell dormancy indication

1.3 Remaining issues for Type 2 HARQ-ACK codebook
[bookmark: _Hlk110455236]At the RAN1#110b-e meeting, the following agreement was made regarding Type 2 HARQ-ACK codebook [2]. 

	Agreement
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.



One remaining issue for Type 2 HARQ-ACK codebook is how to determine the number of HARQ-ACK bits  for a PUCCH transmission power for multi-cell scheduling, when UCI bits is no larger than 11 bits. Similar to two separate sub-codebooks for Rel-15 CBG and TB based transmission, or Rel-17 TB and TBG transmission as defined in FR2-2, , where  is the number of HARQ-ACK bits for single cell scheduling as already captured in TS 38.213, and  is the number of HARQ-ACK bits for multi-cell scheduling for power control, which can be determined by total number of TBs received by UE and identified number of miss-detected TBs for multi-cell scheduling. Note that based on the above agreement, this can be determined by M bits per DCI format 1_X, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. 

Proposal 2-3: For Type-2 HARQ-ACK codebook, for PUCCH transmission power when UCI bits is not greater than 11 bits, the number of HARQ-ACK bits is determined based on the number of HARQ-ACK bits for both single-cell and multi-cell scheduling.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issues for NCR and MC-Enh. Further, we summarize the observation and proposals as follows:
NCR related observations and proposals
Observation 1-1: No clear motivation is observed to support DCI format 5_0 in type-3 CSS
Proposal 1-1: The number of bit fields for time resource indication Tmax is explicitly configured by gNB. The maximum value of Tmax can be 8 or 16. 
Proposal 1-2: UE specific search space for DCI format 5_0 is separately configured from the UE specific search space for legacy DCI format. 
Proposal 1-3: Existing DCI size budget (M=4, N=3) is reused for NCR-MT. The DCI size of DCI format 5_0 with dedicated RNTI is counted in M not in N. 
Proposal 1-4: Support NCR-MT capability report for beam application latency k by adding new value for existing parameter timeDurationForQCL to incorporate additional delay caused by inter-module delay Y or adding a new parameter Y in addition to existing parameter timeDurationForQCL. 
Proposal 1-5: For a UE supporting simultaneous UL transmission of C-link and backhaul link, C-link is prioritized for UL power allocation in a symbol with UL transmission in both C-link and backhaul link. For a UE not supporting simultaneous UL transmission of C-link and backhaul link, backhaul link is dropped in a symbol with UL transmission in C-link. 
MC-enhancement related proposals
Proposal 2-1: If table defining combinations of co-scheduled cells for the set of cells is configured, the payload size of DCI format 0_X or 1_X is derived by UE based on RRC configuration of the active BWP(s) of all cells within the set of cells, respectively. 
Proposal 2-2: For SCell dormancy indication by a DCI format 1_X, 
· The following fields for the scheduling of PCell and a SCell can be repurposed for SCell dormancy indication: ‘Modulation and coding scheme of transport block 1’, ‘New data indicator of transport block 1’, ‘Redundancy version of transport block 1’ and ‘HARQ process number’
· For both PCell and the SCell, the FDRA fields are set to all ‘0’ or all ‘1’
· The DCI may schedule a PDSCH to a SCell if the DCI fields for the SCell are not reused for SCell dormancy indication
Proposal 2-3: For Type-2 HARQ-ACK codebook, for PUCCH transmission power when UCI bits is not greater than 11 bits, the number of HARQ-ACK bits is determined based on the number of HARQ-ACK bits for both single-cell and multi-cell scheduling.

References
1. [bookmark: _Ref131363856][bookmark: _Ref524868549][bookmark: _Ref28076734][bookmark: _Ref505694604][bookmark: _Ref471775016][bookmark: _Ref81496943][bookmark: _Ref64378400][bookmark: _Ref47206669][bookmark: _Ref30840956][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]Chairman’s notes, RAN1#112 Meeting, February 2023. 
1. [bookmark: _Ref131364289]Chairman’s notes, RAN1#110b-e Meeting, October 2022.



7/7
