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[bookmark: _Hlk510705081]In this contribution we discuss some remaining aspect on the physical layer for dual active propocol stack based HO.
Dual active protocol stack (DAPS) based HO solution

Overbooking of PDCCH candidates
In RAN1#99 following agreement was made:
	Agreement:
· For DAPS-HO, UE will indicate Ncell^cap for each MCG (separately from DC capability).
· The lower bound for Ncell^cap per MCG is modified to [2]
· 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.




The corresponding text in 38.213 states as follows:
	The UE can provide pdcch-BlindDetectionMCG1-UE to indicate a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the target MCG and pdcch-BlindDetectionMCG2-UE to indicate a capability monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the source MCG. If the UE is provided search space sets on both the target MCG and the source MCG, the UE does not expect to have in any slot any USS set without allocated PDCCH candidates for monitoring on both the target MCG and the source MCG.




Now the current version of 38.213 considers this agreement in it’s most stringent restriction, so that no overbooking is ever allowed in either Pcell, target nor source. Alternative approach would be to consider that the overbooking can occur only at one of the Pcells as in R15. This would of course in practise mean that the configuration for the one of the PCells would need to be such that the overbooking is not possible. 
In practical operation it can be assumed that the source cell configuration (the only serving cell prior initialization of DAPS) would be done as ‘normally’ i.e. accounting the possibility for overbooking. When DAPS HO is initialized, an additional PCellwould be configured. Based on the most stringent interpretation of the agreement above, this would require network to reconfigure PDCCH-config to both Pcells, source and target, to comply with the ‘no-overbooking’ restriction. It is good to note that for example in context of NR-DC, there is no restriction in terms of PDCCH configuration due to overbooking per Spcell in cell groups (CG). Thus when UE supports DAPS, it should be able to carry out the determination of PDCCH candidates to be monitored when single MCG is configured, it would appear to be at least possible to allow overbooing in one of the PCells. Now in most flexiple case it could be determined so that either one, source MCG or target MCG, could have overbooking of the PDCCH candidates in corresponding PCell, while the other CG, target or source, should have all the candicates allocated. As source MCG configuration preceeds the target MCG configuration and it would be preferable to be albe to configure it without any restrictions, it would therefore be good to allow overbooking in source MCG’s Pcell during DAPS HO. This would also reduce the amount of reconfiguration needed in handover phase when signal levels can be low. Once the DAPS HO is complete, and the UE is served by solely by the new (stronger target) cell, the source MCG configuration can be removed and the target MCG configuration updated.   
Proposal: Clarify the agreement made in RAN1 meeting #99 and allow overbooking in source MCG during the DAPS HO.
Proposal: Adopt following TP to Section 15 of 38.213:
	The UE can provide pdcch-BlindDetectionMCG1-UE to indicate a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the target MCG and pdcch-BlindDetectionMCG2-UE to indicate a capability monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the source MCG. If the UE is provided search space sets on both the target MCG and the source MCG, the UE does not expect to have in any slot any USS set without allocated PDCCH candidates for monitoring on both the target MCG and the source MCG.



Handling of minimum time gap between RACH and PUSCH/PUCCH/SRS
In RAN1#100e following agreement was made:
	Agreement:
When PRACH in target cell and PUSCH/PUCCH/SRS in source cell overlap (within a gap), prioritize the target cell transmission (drop PUSCH/PUCCH/SRS in source). 
· Use part of TP from Nokia’s Tdoc R1-2001051 as basis for final TP.



Related TP was agreed to 38.213 as well:
	[bookmark: _Hlk32219810]15 Dual active protocol stack based handover
< Unchanged parts are omitted >
For DAPS operation in a same frequency band, a UE does not transmit PUSCH/PUCCH/SRS to source MCG in a slot overlapping in time domain with PRACH transmission to target MCG or when a gap between the first or last symbol of a PRACH transmission to target MCG in a first slot is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission to source MCG in a second slot. N = 2 for µ=0 or µ=1,  N=4 for µ=2 or µ=3, and µ is the SCS configuration of the active UL BWP for PUSCH/PUCCH/SRS transmission to the source MCG.



It was left open whether RAN1 should cover the scenario where source cell transmits RACH. It was considered that RAN2 migth preclude this case. RAN2 has discussed the MAC behaviour in DAPS over an email discussion (“[Post109e#11][MOB] Resolving open issues for DAPS”). At the time of writing this email discussion had not been yet concluded. However it would appear that majority of the companies support of having complete MAC behaviour in target, including also the RACH transmission.
Based on the assumption that RAN2 will confirm this in RAN2#109bis, we would propose also cover this scenario in RAN1 spesification. Following the earlier agreements that UE should prioritice target cell transmission, it could be considered to apply the same preference also here, so that in case the when the transmission of PRACH in source cell would be scheduled to occur in same slot or be separated by less than N symbols from PUSCH/PUCCH/SRS in target cell, UE is not required to transmit PRACH in source UL BWP.
Proposal: When PRACH transmission in source cell would be scheduled to occur in same slot or be separated by less than N symbols from PUSCH/PUCCH/SRS in target cell, UE is not required to transmit PRACH in source UL BWP.
Proposal: Adopt following text proposal to 38.213 Section 15:
	For DAPS operation in a same frequency band, a UE does not transmit PUSCH/PUCCH/SRS to the source MCG in a slot when the transmission would overlap in time with a PRACH transmission to the target MCG or when a gap between a first or last symbol of a PRACH transmission to the target MCG in a first slot would be separated by less than  symbols from a last or first symbol, respectively, of the PUSCH/PUCCH/SRS transmission to the source MCG in a second slot. For DAPS operation in a same frequency band, a UE does not transmit PRACH in active UL BWP of source MCG in a same slot when the transmission would overlap in time with a PUSCH/PUCCH/SRS transmission to the target MCG or when a gap between the first or last symbol of a PUSCH/PUCCH/SRS transmission in active UL BWP of target MCG in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PRACH transmission in active UL BWP of source MCG in a second slot.  for  or ,  for  or , and  is the SCS configuration of the active UL BWP for the PUSCH/PUCCH/SRS transmission to source MCG.



DAPS UL power control and sharing
In RAN1#99 following agreement was made:
	Agreement:
· If a UE is configured with DAPS HO operation, the UE performs transmission power control based on Section 7.6.2 of 38.213 replacing the MCG with target MCG and SCG with source MCG.
· Note: This assumes the latest draft CR in R1-1913214 as the baseline
· Note: The specific terminology used for “target MCG” and “source MCG” may be different in 38.213 to align with other specifications
· Note: Existing agreement on UL signal/channel dropping in UL transmission collisions should apply on top of the updated agreement above.




At the time of the writing the lastest UE feature indication summary the related UE feature is considering two alternatives. (Please note that some colums are removed to fit the table better):
	21-2
	UE power sharing for DAPS HO
	ALT 1) Indicates support of dynamic UL power sharing during DAPS-HO operation.

ALT 2) Indicates support of UL power sharing mode during DAPS-HO operation.
	ALT 1) The UE is only able to perform semi-static power allocation for source and target cell, or to drop the transmission to the source.

ALT 2) The UE is only able to to drop the transmission to the source.

	ALT 1) Optional with capability signalling


ALT 2) Optional with capability signalling {values: Semi-static-mode1, Semi-static-mode2, Dynamic}



Hence, the UE capability is either whether UE supports dynamic power sharing or whether UE supports power sharing at all. 
The latest version of 38.213 in Section 16 captures following:
	[bookmark: _Hlk37059825][bookmark: _Hlk37071067]If the UE indicates UplinkPowerSharingDAPS-HO = Semistatic-mode1 and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode1, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HO = Semi-static-mode1 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates UplinkPowerSharingDAPS-HO = Semistatic-mode2 and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode2, the UE determines a transmission power for the target MCG or for the source SCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HO = Semi-static-mode2 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates UplinkPowerSharingDAPS-HO = Dynamic and is provided UplinkPowerSharingDAPS-HO-mode = Dynamic, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HO = Dynamic by considering the target MCG as the MCG and the source MCG as the SCG.
If 
-	the UE does not provide UplinkPowerSharingDAPS-HO, and 
-	UE transmissions on the target cell and the source cell overlap 
the UE transmits only on the target cell 
UE transmissions on the target cell and the source cell overlap if they are in
-	overlapping time resources if the carrier frequencies for the target MCG and the source MCG are intra-frequency and intra-band
-	overlapping time resources and overlapping frequency resources if the carrier frequencies for the target MCG and the source MCG are not intra-frequency and intra-band




In terms of UE capability related the current text seems to follow the Alt2 of 21-2 in some perspective. Pending on the agreement on the UE features and resulting RAN2 spesification this may need to be changed. For example it would need to be clarified whether UE can support only one of the uplink power sharing modes (e.g. Semistatic-mode1) or whether the UE can support all or some combination of possible modes { Semistatic-mode1, Semistatic-mode2, Dynamic}. In order to avoid depencency of the final signalling element determination, it could be considered just to consider the support for a specific mode. 
Finally in terms of UE behaviour, as ealier, if UE does not support certain configuration (based on capability indication) it should be error case if such is configured, and does not need special handling in specification. Thus the UE behaviour should be dependendend on the network configuration and not vice versa. 
Proposal: Adopt following TP to Section 16 of 38.213:
	If the UE indicates capability for  UplinkPowerSharingDAPS-HO = Semistatic-mode1 power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode1, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Semi-static-mode1 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates capability for UplinkPowerSharingDAPS-HO = Semistatic-mode2 power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode2, the UE determines a transmission power for the target MCG or for the source SCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Semi-static-mode2 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates capability forUplinkPowerSharingDAPS-HO = Dynamic power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Dynamic, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Dynamic by considering the target MCG as the MCG and the source MCG as the SCG.

If 
-	the UE isdoes not provided UplinkPowerSharingDAPS-HO-mode, and 
-	UE transmissions on the target cell and the source cell overlap 
the UE transmits only on the target cell 
UE transmissions on the target cell and the source cell overlap if they are in
-	overlapping time resources if the carrier frequencies for the target MCG and the source MCG are intra-frequency and intra-band
-	overlapping time resources and overlapping frequency resources if the carrier frequencies for the target MCG and the source MCG are not intra-frequency and intra-band





Conclusion
In this contribution we discussed the some of the open physical layer aspects related DAPS based HO solution. 
The determination of overbooking for PDCCH candidates is discussed in section 2.1, concluding with following proposals:-
Proposal: Clarify the agreement made in RAN1 meeting #99 and allow overbooking in source MCG during the DAPS HO.
Proposal: Adopt following TP to Section 15 of 38.213:
	The UE can provide pdcch-BlindDetectionMCG1-UE to indicate a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the target MCG and pdcch-BlindDetectionMCG2-UE to indicate a capability monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the source MCG. If the UE is provided search space sets on both the target MCG and the source MCG, the UE does not expect to have in any slot any USS set without allocated PDCCH candidates for monitoring on both the target MCG and the source MCG.




In section 2.2 we discussed about the transmission time gap, and make following observations and proposals:- 
Proposal: When PRACH transmission in source cell would be scheduled to occur in same slot or be separated by less than N symbols from PUSCH/PUCCH/SRS in target cell, UE is not required to transmit PRACH in source UL BWP.
Proposal: Adopt following text proposal to 38.213 Section 15:
	For DAPS operation in a same frequency band, a UE does not transmit PUSCH/PUCCH/SRS to the source MCG in a slot when the transmission would overlap in time with a PRACH transmission to the target MCG or when a gap between a first or last symbol of a PRACH transmission to the target MCG in a first slot would be separated by less than  symbols from a last or first symbol, respectively, of the PUSCH/PUCCH/SRS transmission to the source MCG in a second slot. For DAPS operation in a same frequency band, a UE does not transmit PRACH in active UL BWP of source MCG in a same slot when the transmission would overlap in time with a PUSCH/PUCCH/SRS transmission to the target MCG or when a gap between the first or last symbol of a PUSCH/PUCCH/SRS transmission in active UL BWP of target MCG in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PRACH transmission in active UL BWP of source MCG in a second slot.  for  or ,  for  or , and  is the SCS configuration of the active UL BWP for the PUSCH/PUCCH/SRS transmission to source MCG.



The aspects related to DAPS UL PC were considered in Section 2.3, concluding to following proposal:-
Proposal: Adopt following TP to Section 16 of 38.213:
	If the UE indicates capability for  UplinkPowerSharingDAPS-HO = Semistatic-mode1 power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode1, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Semi-static-mode1 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates capability for UplinkPowerSharingDAPS-HO = Semistatic-mode2 power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Semi-static-mode2, the UE determines a transmission power for the target MCG or for the source SCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Semi-static-mode2 by considering the target MCG as the MCG and the source MCG as the SCG.
If the UE indicates capability forUplinkPowerSharingDAPS-HO = Dynamic power sharing and is provided UplinkPowerSharingDAPS-HO-mode = Dynamic, the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for UplinkPowerSharingDAPS-HONR-DC-PC-mode = Dynamic by considering the target MCG as the MCG and the source MCG as the SCG.

If 
-	the UE isdoes not provided UplinkPowerSharingDAPS-HO-mode, and 
-	UE transmissions on the target cell and the source cell overlap 
the UE transmits only on the target cell 
UE transmissions on the target cell and the source cell overlap if they are in
-	overlapping time resources if the carrier frequencies for the target MCG and the source MCG are intra-frequency and intra-band
-	overlapping time resources and overlapping frequency resources if the carrier frequencies for the target MCG and the source MCG are not intra-frequency and intra-band
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