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1. Introduction
In this contribution, we discuss specification impact related aspects of dual active protocol stack (DAPS) solution. 

2. Discussion on Physical Layer Support for DAPS Solution

2.1 Physical layer specification impact
DAPS based HO solution is a form of dual connectivity based HO solution, where UE is expected to maintain physical layer connection with two serving cells simultaneously. Given that the transmission and reception of signals is expected to be similar to DC operation, we assume DC operation description in the physical layer should be the basis for providing physical layer support for DAPS based HO solution. However, it should be noted that DC operation and DAPS based HO solution may be categorized quite differently even though the physical layer process are similar if not identical. Therefore, all descriptions regarding DC operations may need to be either tweaked such that it may be applicable for DAPS based HO solutions.
In this section, we provide a list of physical layer sections that may need to be updated to reflect the support of DAPS based HO solution.
In TS38.213,
· Section 7.5 Prioritization for transmission power reductions
· The power reduction prioritization is described in terms of PCell and other serving cells. However, in DAPS based HO solution, both current cell and target HO cell could be PCell. Therefore, the description that would match the power reduction prioritization rules would need to be updates such that it reflects the correct cell terminology for cells operating in DAPS based HO solution.
· Section 7.6 Dual connectivity
· Either added a subset under 7 Uplink power control that reference dual connectivity power control (PC) rules and procedures (similar to section 7.6.2 NR-DC section) or add the DAPS based HO solutions description to section 7.6 Dual connectivity itself.
· Section 8.1 Random access preamble
· In single cell operation or in CA operation, UE does not transmit PRACH and PUSCH/PUCCH/SRS in the same slot or when they overlap within small time period. Given that whole purpose of DAPS based HO solution is to maintain connectivity while performing HO, it is not clear if this restriction needs to be revisited for DAPS based HO solution. It should be noted that for UEs that have 1 PA that span the single cell or CA operation, it may not be possible to transmit PRACH and PUSCH/PUCCH/SRS at the same time due to PA phase discontinuity and timing misalignment issues. Therefore further discussion is needed on how to handle this case.
· Section 9 UE procedure for reporting control information
· This section includes UE behaviors related to which UE behavior should be used when various HARQ-ACK, CSI, SR multiplexing situations occur. 
· Furthermore, it describes operations from serving cell and secondary cell perspective and provide a mapping of cell definition used in the section to cells within MCG and SCG. The issue is that for DAPS based HO operation, it is not clear which serving cells would be part of MCG, SCG, or something else entirely. Some further clarification from RAN2 may be needed to resolve this issue.
In TS38.214,
· Section 6.2.1.3 UE sounding procedure between component carriers
· This section includes UE behaviors related to valid resources for SRS transmission, depending on symbol and slot configurations in CA. Some of this maybe relevant for DAPS based HO solution. Careful review of the section may be needed to check for whether SRS transmission can be supported as part of DAPS based HO solution.

Based on the list above, we suggest that RAN1 review the appropriate sections and conclude on text proposal that need to be updated to support DAPS based HO procedure.

Proposal 1:
· CA/DC operations is the baseline for defining UE behavior for multiple cell concurrent connectivity for DAPS based HO solution.
· Any specific new UE behaviors required (other than what is already supported by CA/DC operations) for DAPS based HO solutions is FFS.
· Review TS38.213 Section 7.5, 7.6, 8.1, 9 and TS38.214 Section 6.2.1.3 for any required changes for DAPS based HO solution.


2.2 Support of Uplink Signal/Channel Combinations
Agreements from RAN2 #106
	Agreements:
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
3	There is a point in time where the UL PUSCH switches from source to target.



In RAN2 #106, it was agreed that simultaneous UL PUSCH transmission does not need to be supported (see agreement above). However, this does not imply that there would be no simultaneous transmissions in the uplink. Even if there are not data traffic in the uplink, UE needs to transmit signals to support downlink transmissions. Most notably, PUCCH (HARQ-ACK and CSI), PUSCH (CSI), and SRS. This means that according to agreements in RAN2 so far while UE transmits PUSCH to one of the cells, it may need to transmit PUSCH for CSI, PUCCH for HARQ-ACK and/or CSI, and SRS in the other cell.
From the previous RAN1 discussions, it was not clear whether there was a common understanding of the channel multiplexing cases that DAPS based HO solution may need to support. Therefore, we believe there is value in getting a conclusion of the common understanding of the required channel multiplexing cases.

Proposal 2:
· Conclusion:
· RAN1 assumes PUSCH + SRS, PUSCH + PUCCH, and PUSCH + PUSCH (CSI only) channel multiplexing cases are supported for DAPS based HO solution.

2.3 UE Capability Signaling
In RAN1 #98, it was agreed to support separate capability signaling for DAPS based HO solution from regular CA/DC combination capability signaling. The main motivation was to differentiate the capability even though functionality wise CA/DC combination capability could be similar.
Additionally, RAN4 has concluded that dual connectivity based HO solutions would be only possible if there are spare RF resources available at the UE. The specific scenarios in which UE has spare RF resources for various scenarios, such as single cell operations, CA operations, DC operation, and CA+DC operation, is expected to be extremely difficult and RAN1 and RAN4 may not have sufficient time to complete the NR mobility enhancement WI within Rel-16 timeframe.
Given that DAPS based HO solutions are aimed at providing continuous connectivity for cell edge users performing HO, it may not be essential to maintain connectivity for all serving cells. More specifically, although UE maintains connectivity for PCell and PSCell, the need for UE keep connectivity for SCell is questionable. If UE does not need to maintain SCell connection during DAPS based HO, it could potentially simplify the situations in which UE has spare RF resources available significantly.
For example, it would be safe to assume that UE capable of performing inter-band CA would have spare RF resources as long as two cell involved in DAPS based HO are from each of the bands of the inter-band CA. Therefore, the UE capability signaling for DAPS based HO solution could simply be indicating CA/DC scenarios in which UE may be able to support DAPS based HO. No further considerations to whether UE has extra RF resources or not may not be needed.
The above approach is able to resolve UE capability signaling for inter-frequency HO cases, but is not able to address intra-frequency HO cases. Although RAN1 has achieved some progress, RAN1 has not completely concluded on the scenarios in which UE is able to perform dual connectivity for intra-frequency HO. We suggest to also conclude this issue and finalize the required UE capability signaling.
Assuming that RAN1 completes the feasibility conditions in which UE may be able to support intra-frequency HO cases, we propose to capture the conditions in RAN1 and/or RAN2 specification. Assuming that feasibility conditions are simple list of conditions, we may be able to indicate the support of intra-frequency DAPS based HO procedure (under the conditions and restrictions defined) for a cell for each CA/DC band combination.

Proposal 3:
· RAN1 recommends that no SCell are active during DAPS based HO procedure and UE only need to maintain connectivity with PCell and PSCell during DAPS based HO procedure.
· Send an LS to RAN2 to seek confirmation on RAN1 recommendation.
· For inter-frequency HO cases, RAN1 assumes an indication of whether the UE supports DAPS based HO procedure between two cells for each CA/DC band combination is sufficient to capability signaling.
· For intra-frequency HO cases, RAN1 assumes an indication, which is separate from inter-frequency HO cases, of whether the UE supports DAPS based HO procedure between two cells in the same frequency and under specific conditions for each CA/DC band combination is sufficient.
· The details on the conditions in which intra-frequency DAPS based HO procedure is feasible is FFS.
· The details of the physical layer restriction during the intra-frequency DAPS based HO procedure is FFS.


3. Conclusions
	In this contribution, we discussed issues on NR mobility enhancement WI. Our proposals are summarized as below:
Proposal 1:
· CA/DC operations is the baseline for defining UE behavior for multiple cell concurrent connectivity for DAPS based HO solution.
· Any specific new UE behaviors required (other than what is already supported by CA/DC operations) for DAPS based HO solutions is FFS.
· Review TS38.213 Section 7.5, 7.6, 8.1, 9 and TS38.214 Section 6.2.1.3 for any required changes for DAPS based HO solution.

Proposal 2:
· Conclusion:
· RAN1 assumes PUSCH + SRS, PUSCH + PUCCH, and PUSCH + PUSCH (CSI only) channel multiplexing cases are supported for DAPS based HO solution.


Proposal 3:
· RAN1 recommends that no SCell are active during DAPS based HO procedure and UE only need to maintain connectivity with PCell and PSCell during DAPS based HO procedure.
· Send an LS to RAN2 to seek confirmation on RAN1 recommendation.
· For inter-frequency HO cases, RAN1 assumes an indication of whether the UE supports DAPS based HO procedure between two cells for each CA/DC band combination is sufficient to capability signaling.
· For intra-frequency HO cases, RAN1 assumes an indication, which is separate from inter-frequency HO cases, of whether the UE supports DAPS based HO procedure between two cells in the same frequency and under specific conditions for each CA/DC band combination is sufficient.
· The details on the conditions in which intra-frequency DAPS based HO procedure is feasible is FFS.
· The details of the physical layer restriction during the intra-frequency DAPS based HO procedure is FFS.
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