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1 Introduction
In this contribution, the physical layer aspects for Dual Active Protocol Stack based HO (DAPS HO) are discussed taking into account the RAN1#98bis outcome. 
2 PDCCH monitoring
	Agreement (RAN1#98bis):
· PDCCH monitoring (including CORESETs, search spaces, DCI formats) is configured independently for each source and target cell.


For DAPS HO, upon reception of handover command (ReconfigurationWithSync) the UE continues the DL data reception from the source cell until releasing the source cell and continues the UL data transmission to the source cell until successful random access procedure to target cell. 
As of Rel-15 handover procedure, the handover command contains ServingCellConfigCommon for the target cell which also provides a UE with PDCCH configuration info (PDCCH-ConfigCommon). Therefore, specification support for above RAN1 agreement is already available. 
Observation 1: No RAN1 specification support is envisioned to enable independent PDCCH monitoring configuration across source and target cell.
3 BWP
For the case of FR1 intra-band HO (inter-frequency and intra-frequency), previously RAN1 has left it open with respect to BWP configuration [1]. In this case, from UE implementation perspective, it is desirable to have BWP configuration where the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell). 
Proposal 1: For intra-band DAPS HO, the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell).
4 UL transmission
	Working assumption (RAN1#98bis):
· During DAPS/RUDI HO, when UL channel/signals of source and target cells collide, the UE transmits the target cell UL channels/signals and drops the source cell UL channels/signals
· FFS whether this should apply to all combinations of UL channels/signals or not (e.g. PRACH)
· Collision (in above) means when physical time resources for UL channel/signal partially or fully overlap at least for the intra-frequency intra-band scenario.
· FFS whether collision definition is applicable in the context of inter-frequency intra-band scenarios, and/or inter-frequency inter-band scenarios


As of Rel-15 power prioritization rules when a total UE transmit power exceeds PCMAX (section 7.5 in TS38.213), PRACH transmission on the PCell has the highest priority. This also makes sense in the context of DAPS HO assuming the PCell is not limited within a source cell, i.e., the PCell is on either source cell or target cell. That is, when a UE has received handover command indicating DAPS HO, the best way to reduce handover interruption time would be to prioritize preamble transmission to target cell rather than UL transmission to source cell.
Unlike Rel-15 power prioritization, above RAN1 working assumption does not evaluate whether the total UE transmit power exceeds PCMAX. In case of UL transmission collision between source and target cell, the UE drops the source cell UL transmission rather than power reduction. That is, no simultaneous UL transmission is assumed. 
Observation 2: For DAPS HO, the Rel-15 power prioritization rules (section 7.5 in TS38.213) can be starting point but no need to evaluate whether the total UE transmit power exceeds PCMAX. 
Proposal 2: For DAPS HO, in case of UL transmission collision between source and target cell, PRACH transmission on the PCell of the target cell has the highest priority. 
Regarding source cell UL dropping, Rel-15 power control framework described below can most straightforwardly be applied.
	TS38.213
7.5	Prioritizations for transmission power reductions









For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to  for that frequency range in every symbol of transmission occasion . When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion , the UE does not include power for transmissions starting after the symbol of transmission occasion . The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.


In case of Rel-15 power reduction, either power scaling or dropping (i.e., scale down to zero) of whole or part(s) of a transmission is left to UE implementation (highlighted above). With this UE implementation, the source cell UL may not be cleanly dropped as described in Figure 1, which does not seem to be an issue in DAPS HO. 
There is one thing to consider for this behavior though in case PA is shared between source cell and target cell UL. In this case, a UE would not be able to selectively handle source cell UL as in Figure 1. This phenomenon would happen in Rel-15 power control as well, and handling of this case including how source/target cell UL are transmitted should be left up to UE implementation.
Proposal 3: Utilize Rel-15 power control (according to section 7.5 in TS38.213) for source cell UL dropping as baseline.
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Figure 1: Source cell UL dropping with power control
Given the aforementioned issues with single PA, it would be desirable if a UE entirely skips processing of source cell UL at baseband as long as the existence of target cell UL is known early enough, e.g., case 2 in Figure 1. We may leave such clean dropping of source cell UL as UE implementation. Alternatively, we may also consider defining a timeline for such UE behavior similar to Rel-15 UL dropping with dynamic SFI. What mainly matters for timeline is traffic type of the target cell which incurs dropping of source cell UL. If target cell UL is semi-static, then its existence is known, so no further timeline is necessary. If target cell UL is dynamic, then timeline is necessary. For that matter, we would like to differentiate msg1, msg3, and all other dynamic UL.
1) If target cell msg1 overlaps with source cell UL, Rel-15 T2 gap is needed between the moment at which target cell PHY becomes aware of msg1 transmission and the start of source cell UL. Here, T2 is cap#1 PUSCH processing time defined using SCS of source cell UL. Note that PUSCH processing time is assumed conservatively for dropping time of source UL regardless of UL type.
2) If target cell msg3 overlaps with source cell UL, we can use the existing Rel-15 msg2 processing time and msg3 preparation time as timeline. In Rel-15, gap between the end of msg2 and the start of msg3 should at least be T1+T2+0.5ms where T1 is cap#1 PDSCH processing time and T2 is cap#1 PUSCH processing time. Hence, if target cell msg3 overlaps with source cell UL, then gap between the end of the corresponding target cell msg2 and the start of source cell UL should at least be T1+T2+0.5ms. For SCS defining T1 and T2, technically speaking, only target cell DL SCS matters for T1 and source cell UL SCS matters for T2. However, similar to Rel-15, minimum between target cell DL SCS and source cell UL SCS can be used to define both T1 and T2. Note that PUSCH processing time is assumed conservatively for dropping time of source UL regardless of UL type.
3) If dynamic UL of target cell other than msg1/msg3 overlaps with source cell UL, the gap between the end of target cell DCI and the start of source cell UL should at least be T2 defined using minimum between target cell PDCCH SCS and source cell UL SCS. Note that PUSCH processing time is assumed conservatively for dropping time of source UL regardless of UL type.
Proposal 4: Consider a UE behaviour achieving complete source cell UL cancellation without affecting target cell UL with the following alternatives.
 Alt1: It is up to UE implementation based on awareness of target cell UL before starting source cell UL processing.
 Alt2: A UE is required to cancel source cell UL overlapping with semi-static target cell UL. A UE is required to cancel source cell UL overlapping with dynamic target cell UL if the appropriate timeline condition is met.
1 
2 
3 
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5 UE capability (signaling overhead perspective)
RAN1#98 agreed to support a separate UE capability for DAPS based HO:
	RAN1#98 Agreements:
· Support separate UE capability for NR-DC/CA and dual active protocol stack (DAPS) based HO interruption reduction solution.


While capability signalling design would mostly be handled in RAN2, it would very likely that DAPS HO capability signalling structure would at least need to contain most of elements in the existing DC combination, e.g., featureset parameters, DC parameters etc. For inter-band and inter-frequency HO, an existing DC framework can readily be utilized leveraging DC combination a UE already declared.
For intra-band (which can be inter- or intra-frequency) HO, it is possible that there is no such DC combination a UE declared. While we think that the existing DC framework can still support signalling for such DAPS HO, i.e., a UE additionally declare a new DC combination just for the purpose of DAPS HO, it would incur considerable signalling overhead since such signalling should contain many parameters, e.g., featureset parameters, DC parameters etc.
As we mentioned in previous RAN1 meeting, even in this case, an existing DC combination can be utilized in most cases as long as one of MCG and SGC involves the carrier frequency of the HO. This is because two same frequency band in most cases are ‘easier’ than two different frequency band in a UE viewpoint. 
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Figure 2: Example for DL receiver process
Figure 2 is an example for DL receiver process. Suppose UE declares supporting (frequency band 1, frequency band 2) combination. This could be implemented by the receiver architecture in Figure 2(a). Two different RF chains are here to take care of received signal from different frequency band. A slightly modified architecture in Figure 2(b) could be implemented for intra-band DC operation at frequency 1. Since UE declares the capability of (frequency band 1, frequency band 2) combination, the baseband should have the processing power to handle two-cell operations with same baseband parameters declared for the DC combination.
This mechanism for DAPS HO support can considerably reduce capability signalling overhead for intra-band DAPS HO, and such signalling mechanism can be supported as UE capability. In other words, a UE which can support intra-band DAPS HO leveraging inter-frequency DC (or DAPS HO) which it already declared can signal its intra-band DAPS HO capability by leveraging the existing signalling for inter-frequency DC (or DAPS HO). A UE which requires separate signalling for intra-band DAPS HO is also allowed to do that. In our view, there is little reason for enforcing a UE to signal separate intra-band DAPS HO capability with large overhead if it is readily equipped with support of such functionality by leveraging its inter-frequency functionality.
Proposal 5: For intra-band DAPS HO, inter-frequency DC combination (or DAPS HO) a UE declares can also be utilized in one of the ways below.
1. Any DC combination can be utilized if MCG and/or SCG includes the carrier frequency of the HO.
2. A UE may declare preferred DC combination(s) among multiple ones which include the carrier frequency of the HO in MCG and/or SCG.
Proposal 6: A UE can signal its support of intra-band DAPS HO either by using the mechanism in Proposal 5 or by separate signalling for intra-band DAPS HO.
6 Conclusion
Based on above discussion, the observations and proposals are summarized as following:
PDCCH monitoring
Observation 1: No RAN1 specification support is envisioned to enable independent PDCCH monitoring configuration across source and target cell.
BWP
Proposal 1: For intra-band DAPS HO, the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell).
UL transmission
Observation 2: For DAPS HO, the Rel-15 power prioritization rules (section 7.5 in TS38.213) can be starting point but no need to evaluate whether the total UE transmit power exceeds PCMAX. 
Proposal 2: For DAPS HO, in case of UL transmission collision between source and target cell, PRACH transmission on the PCell of the target cell has the highest priority. 
Proposal 3: Utilize Rel-15 power control (according to section 7.5 in TS38.213) for source cell UL dropping as baseline.
Proposal 4: Consider a UE behaviour achieving complete source cell UL cancellation without affecting target cell UL with the following alternatives.
· Alt1: It is up to UE implementation based on awareness of target cell UL before starting source cell UL processing.
· Alt2: A UE is required to cancel source cell UL overlapping with semi-static target cell UL. A UE is required to cancel source cell UL overlapping with dynamic target cell UL if the appropriate timeline condition is met.
UE capability (signaling overhead perspective)
Proposal 5: For intra-band DAPS HO, inter-frequency DC combination (or DAPS HO) a UE declares can also be utilized in one of the ways below.
1. Any DC combination can be utilized if MCG and/or SCG includes the carrier frequency of the HO.
2. A UE may declare preferred DC combination(s) among multiple ones which include the carrier frequency of the HO in MCG and/or SCG.
Proposal 6: A UE can signal its support of intra-band DAPS HO either by using the mechanism in Proposal 5 or by separate signalling for intra-band DAPS HO.
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