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Introduction
This contribution discusses our view on remaining physical layer aspects to support dual active protocol stack (DAPS) based handover. More specifically, we will discuss the following aspects:
· PDCCH monitoring including the limits on monitored PDCCH candidates and non-overlapped CCEs as well as PDCCH overbooking
· BWP switching
· BWP configuration to enable simultaneous connectivity
· Multi-TRP operation
PDCCH Monitoring 
PDCCH Blind Decode and CCE Limit
RAN1#98b made the following agreement on PDCCH monitoring when UE monitors the PDCCH from the source and target cells during DAPS HO:
	Agreement:
PDCCH monitoring (including CORESETs, search spaces, DCI formats) is configured independently for each source and target cell. 



One of the important aspects on PDCCH monitoring is determination of the limits on monitored PDCCH candidates (blind decode) and non-overlapped CCEs. In Rel-15, the limits are specified in Subclause 10.1 of TS 38.213 for a cell as follows: 
	If a UE is configured with  downlink cells with DL BWPs having SCS configuration  where , the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell.
If a UE is configured with  downlink cells with DL BWPs having SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.



For Rel-16, when mTRP is supported at a cell, it was agreed that  is replaced with , where  is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS μ, and  is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS μ. Furthermore, the value range of r is [1, 2], and it depends on UE capability.

	Agreement
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission: 
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;
· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on  as described in subclause 10 in TS38.213;
· (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits,   ,  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times. 
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  and , are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
· FFS, bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above: 
·  is replaced with , where  is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS μ, and  is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS μ 
· The value range of r is [1, 2], and it depends on UE capability.
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0  DL serving cells with multi-DCI based multi-TRP such that A+r∙B>4 
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission
· FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.
· FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.



At the first look it seems that we can reuse the mTRP agreements for DAPS HO. However, there are a few differences between mTRP and DAPS HO that ask for different consideration on the BD/CCE limit:
· CORESET0: For mTRP, although TRPs can have different PCIs, they all share the same CORESET0. On the other hand, for DAPS HO, the source cell and target cell may have different CORESET0.
· mTRP support: mTRP may be enabled at the source and/or target cells in DAPS HO (which we have brief discussion in Section 5).
· mTRP operates in the same frequency layer while DAPS HO has operation in either same frequency layer or different frequency layers.
· Active protocol stack: mTRP operation assumes a single active protocol stack while DAPS HO operation assumes dual active protocol stack.
Hence, it is more reasonable to decouple the determination of PDCCH blind decode (BD)/CCE limits for source and target cells in a way such that the total limits across source and target cells are not beyond Rel-15 BD/CCE limits. 
Proposal 1: When UE is configured to monitor PDCCH from source and target in a slot during DAPS HO, the UE independently determines the PDCCH monitoring limits for source and target cells. Furthermore, the total limits on BD/CCE across both source and target cells are the same as Rel-15 limits. 
[bookmark: _Hlk23768834]When determining the limits of the total number of PDCCH candidates and non-overlapped CCEs to be monitored per slot, the parameter   is particularly important. In theory, we can separately have  for source and target cells. However, this approach significantly increases the limits UE is required to monitor in a slot, which is not preferred. 
[bookmark: _GoBack]The other approach is to share the  between source and target cells, which keeps the total limits the UE needs to monitor the same as Rel-15 limits. More specifically, assume a UE is configured with  downlink cells with DL BWPs having SCS configuration  at the source and with  downlink cells with DL BWPs having SCS configuration  at the target, . There are two cases:
· Case 1 when , the limits are identical to the ones in TS 38.213. In particular, for this case, the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell.
· Case 2 when , the limits should factor in the shared . In particular, we can partition  into  and  for source and target cells respectively such that . Then similar to Rel-15, UE can determine the total number of non-overlapped CCEs to be monitored per slot for source and target cells based on  and  respectively as


where n = S for source or n = T for target cells.
Based on above analysis, we make the following proposals:
Proposal 2: The determination of total limit for BD/CCE in a slot is based on  (described in Subclause 10 in TS38.213) that is shared for the source and target cells.
Proposal 3: Partition  into  and  for source and target cells respectively such that  when determining BD/CCE limit for source and target cells for the case .
There may be multiple options to partition  when . One possible option is that the partition of  is proportional to the number of cells at the source and at the target e.g.,


Now, for the source cells, we can find the total number of PDCCH candidates and non-overlapped CCEs as


We can observe that with sharing , the ratio  in the Rel-15 limits becomes . In total, the limits across the source and target cells remain the same as the Rel-15 limits.
Alternatively, the network can signal the partition factor α such that  and . Then the UE can determine the total number of PDCCH candidates and non-overlapped CCEs at the source cells


We can apply identical principles to determine the total number of PDCCH candidates and non-overlapped CCEs at the target cells. So, when UE monitors PDCCH from source and target during DAPS HO, the total number of PDCCH candidates and the total number of non-overlapped CCEs to be monitored per slot are determined as the following proposal:
Proposal 4: When a UE is configured with  downlink cells with DL BWPs having SCS configuration  at the source and with  downlink cells with DL BWPs having SCS configuration  at the target,
· If ,  the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell (i.e., identical to Rel-15 text in TS 38.213).
· If , 
· the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells at the source. 
· Furthermore, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells at the target.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.

PDCCH Overbooking
PDCCH overbooking happens when the network configures the UE with PDCCH candidates greater than the BD limits allowed by the UE. In Rel. 15, PDCCH overbooking is allowed on the Pcell but not allowed on the Scell. When overbooking occurs, the UE can determine which PDCCH candidates to monitor by using the overbooking handling rules:
· Step 1: Priority is given to the BDs required for the CSS so that is counted first.
· Step 2: The remaining BDs are then assigned to the USS starting with the search spaces with the lowest ID until all the BDs are assigned. The PDCCH candidates that are not assigned are not monitored by the UE.
The UE independently performs PDCCH monitoring at the source and target cells. There could be the following possible cases for PDCCH monitoring in a slot:
· No PDCCH overbooking at both the source and the target cells
· PDCCH overbooking at the target cell only
· PDCCH overbooking at the source cell only
· PDCCH overbooking at both source and target cells
In Rel-15, the UE only performs PDCCH overbooking (if any) procedure at the source cells only. During DAPS HO, the UE has separate limits on BD/CCEs for source and target cells (although the total limits on BD/CCE across both source and target cells are the same as Rel-15 limits). Hence, if PDCCH overbooking happens at both source and target cells (i.e., the number of BDs at the source is higher than the BD limit for the source, and the number of BDs at the target is higher than the BD limit for the target), requiring UE to handle overbooking at both source and target simultaneously is beyond the Rel-15 UE capability. To make UE complexity manageable and leverage Rel-15 UE implementation, we should keep PDCCH monitoring capability during DAPS HO like the Rel-15 capability. Hence, we make the following proposal: 
Proposal 5: When a UE is configured to monitor PDCCH from source and target in a slot during DAPS HO, the UE is not expected to be provided with PDCCH configuration leading to PDCCH overbooking at both source and target cells.
BWP Switching
The active BWP can be switched via DCI or RRC. When DCI-based BWP switch is performed on a single CC, depending on UE capability bwp-SwitchingDelay, UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1 of TS 38.133 [2].
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



When RRC based BWP switch is performed, the switching delay for the UE to perform BWP switch is   [2]. Hence, whenever BWP switching is performed, there is non-trivial switching latency which would be added into the HO latency. Furthermore, at least for intra-frequency HO, if the BWP switching in source and/or target is not configured properly, it might make simultaneous Rx infeasible. Hence, we make the following proposal:
Proposal 6:  BWP switching should not be supported for both UL BWP and DL BWP during DAPS HO.
Simultaneous Connectivity
Intra-frequency HO
For the synchronous deployments, as previously agreed in RAN1 LS reply to RAN2 [3], the simultaneous Rx is feasible at least if source/target bandwidth are the same and under some conditions (e.g. condition of received signal power difference between source/target cells). Furthermore, the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. In addition, for Rel-16 mTRP, it was agreed that the UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.  
	Agreement (RAN1#96)
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.



To make simultaneous reception at UE feasible as well as to be consistent with mTRP agreements, we make the following proposal:
Proposal 7: For FR1-FR1 intra-frequency handover, the active DL BWP of the target cell is the same as the active DL BWP of the source cell to enable simultaneous Rx.
Inter-frequency Intra-band HO
For synchronous deployments, it was agreed in [3] that simultaneous Rx is feasible for UEs supporting intra-band DL CA on frequencies which would be supported for CA serving cells. Furthermore, simultaneous reception from two cell may be feasible if the SCS is the same between the two cells. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingDL capability), simultaneous reception may be feasible even if the SCS of the two cells are different.
The feasibility assumes that UE can support intra-band DL CA. Hence, to make CA possible, the bandwidth of the source and target cells should be sufficiently separated. 
Proposal 8: For the synchronous case with FR1-FR1 inter-frequency intra-band HO, the active DL BWP of the target cell does not overlap with the active DL BWP of the source cell to enable simultaneous Rx.
[bookmark: _Ref24105971]Multi-TRP during DAPS-based HO
When handover occurs, the UE may have mTRP operation running in the source cell. There could be multiple ways to deal with ongoing CA/multi-TRP operations during handover e.g., the operation may be partially/completely deactivated, or the operation remains unchanged. From our perspectives, RAN1 should have some discussion and clarification on whether mTRP operation is supported during DAPS HO or not.
[bookmark: _Hlk20834743]Proposal 9: RAN1 should discuss whether mTRP operation should be supported during DAPS HO.
Conclusion 
The contribution provides our view on remaining physical layer aspects to support DAPS handover. More specifically, we have made the following proposals:
[bookmark: _Hlk23927392]Proposal 1: When UE is configured to monitor PDCCH from source and target in a slot during DAPS HO, the UE independently determines the PDCCH monitoring limits for source and target cells. Furthermore, the total limits on BD/CCE across both source and target cells are the same as Rel-15 limits. 
Proposal 2: The determination of total limit for BD/CCE in a slot is based on  (described in Subclause 10 in TS38.213) that is shared for the source and target cells.
Proposal 3: Partition  into  and  for source and target cells respectively such that  when determining BD/CCE limit for source and target cells for the case .
Proposal 4: When a UE is configured with  downlink cells with DL BWPs having SCS configuration  at the source and with  downlink cells with DL BWPs having SCS configuration  at the target,
· If ,  the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell (i.e., identical to Rel-15 text in TS 38.213).
· If , 
· the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells at the source. 
· Furthermore, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells at the target.
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
Proposal 5: When a UE is configured to monitor PDCCH from source and target in a slot during DAPS HO, the UE is not expected to be provided with PDCCH configuration leading to PDCCH overbooking at both source and target cells.
Proposal 6:  BWP switching should not be supported for both UL BWP and DL BWP during DAPS HO.
Proposal 7: For FR1-FR1 intra-frequency handover, the active DL BWP of the target cell is the same as the active DL BWP of the source cell to enable simultaneous Rx.
Proposal 8: For the synchronous case with FR1-FR1 inter-frequency intra-band HO, the active DL BWP of the target cell does not overlap with the active DL BWP of the source cell to enable simultaneous Rx.
Proposal 9: RAN1 should discuss whether mTRP operation should be supported during DAPS HO.
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