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1	Introduction
In RAN1#98bis, the following was concluded: 
Agreement:
PDCCH monitoring (including CORESETs, search spaces, DCI formats) is configured independently for each source and target cell.
Conclusion:
Explicit support for DAPS/RUDI-HO when both source and target cells belong to FR2 (on top of what is expected to be standardized for when source and target cells belong to FR1 and FR1, respectively, when source and target cells belong to FR1 and FR2, respectively, and when source and target cells belong to FR2 and FR1, respectively) will not be discussed further in RAN1.
Working assumption:
· 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

In this contribution, we discuss the remaining RAN1 issues for DAPS (dual active protocol stack) handover.
[bookmark: _Ref178064866]2	Discussion
2.1	UL transmissions to source and target
Simultaneously transmitting to source and target cells may be complicated, in particular the case where the transmissions are fully or partially overlapping. At least for this case, RAN1 made a working assumption to define a dropping rule, to ensure that the UE prioritises the transmission that is considered more important. Therefore, we propose to confirm the working assumption:
[bookmark: _Toc24121149]Confirm the working assumption that the UE should drop UL transmissions to the source cell if a collision occurs.
The working assumption also contains two FFSs. The first FFS asks whether the dropping rule should apply to all UL channels/signals, and PRACH is mentioned explicitly. In most cases, the network can avoid collisions by explicit dynamic scheduling, but for non-scheduled transmissions like PRACH or SR, this may be more challenging. With the proposed dropping rule, it may be non-trivial for the network to ensure that the UE can transmit an SR or PRACH to the source cell during DAPS handover: the network would have to avoid scheduling any UL transmissions in resources reserved for PRACH or SR in the source cell. The question is if this is a large problem: how likely is it that the UE would transmit an SR or PRACH to the source cell during DAPS handover? And would that transmission be more important than the transmission to the target?
First of all, we note that for normal handover, the UE does not transmit anything to source after the PRACH transmission to the target cell. Thus, the handover procedure as such works if nothing is transmitted to source. The opposite may not necessarily be true: in normal handover, the procedure of course depends on that all transmissions reach the target. 
To be more specific, there are two main reasons the UE would autonomously transmit PRACH to source: the TA timer has expired, or the network has not configured PUCCH resources for SR. Both these can be avoided by appropriate configuration and signalling without significant overhead. 
[bookmark: _Toc24121143]PRACH transmissions to the source during DAPS handover can be avoided by configuration and signalling.
The UE may need to transmit SR to the source, e.g., to request UL resources to transmit an RLC status report. This SR may then collide with transmissions to the target. The specification currently provides detailed prioritization/multiplexing rules for SR combined with other signals. Of course, the multiplexing rules are not applicable in the DAPS case: it is not possible to multiplex data that is intended for different receivers. In some cases, the UE is not required to transmit the other signal if it collides with SR. One option could be to reuse that prioritization rule also for the DAPS case. The number of SRs transmitted to source should be small in any case. If the target is always prioritized, the network may have to ensure that the UE has a possibility to transmit in UL. We do not see any large issues with such an approach: the network may reserve some SR resources in source, or proactively provide the UE with a grant from the target. There is also an advantage of having a simple rule for the UE to follow.
Based on the discussion above, we propose
[bookmark: _Toc24121150]The UE drops UL transmissions to the source cell if a collision occurs for all combinations of UL channels/signals.
The second FFS was related to if the collision definition was related to inter-frequency intra-band and inter-band scenarios. Here we note that the intra-frequency case will be the most common case, and the network would have to implement a solution that works for the dropping rule described in the working assumption. Providing a more forgiving rule for the remaining cases would thus improve performance for that case, at the expense of a larger implementation effort. Still, if the UE has possibilities to simultaneously transmit in several UL at the same time, e.g. in an inter-band scenario, it would seem unnecessary to remove that possibility. However, such simultaneous transmission must not compromise the transmission to the target: the UE should not transmit anything to the source if it leads to degraded quality of the transmission to the target. Hence, we propose
[bookmark: _Toc24121151]The dropping rule is not applicable inter-frequency intra-band scenarios, or inter-frequency inter-band scenarios if the UE can transmit to the source without any degradation of the transmission to the target.
Only if a UE can transmit to source cell without any impact on the transmission to the target cell, the UE would be capable of simultaneous transmission. This should be captured in the UE feature discussion.
2.2	Simultaneous reception from source and target 
The most central issue in the development of DAPS is the capability to simultaneously receive from source and target. Without this capability, the implementation of DAPS handover becomes much more complicated. RAN1 has also stated in several LS responses that simultaneous reception is sometimes feasible. Designing a solution based on that feedback would then seem appropriate.
Note that the network has the possibility to avoid collisions between downlink transmissions, at least under some circumstances. This is achievable using TDMed search space definitions, explicit scheduling of PDSCH and aperiodic CSI-RS, and TDM patterns for periodic and semi-persistent CSI-RS. The specification thus provides the support for such a solution as is. However, the performance of any TDM-based solution is unclear, motivating RAN1 to look into solutions that require that the UE receives at least some signals at the same time.
Both source and target may be transmitting PDCCH, PDSCH, CSI-RS and SSBs, and one solution is that the UE should be able to receive any combination of signals/channels from source and target. However, such a solution may lead to unnecessarily high UE complexity, without bringing any performance benefit. First, we note that the UE can receive SSB from any non-serving cell at the same as it receives data from the serving cells, at least for FR1. Thus, we do not need to discuss the combination of SSB with any of the other channels.
In this subsection, we discuss reception of combinations of channels from source and target. Out of these combinations, PDCCH+PDCCH is the most important, followed by PDSCH+PDSCH. In cases where simultaneous reception does not seem feasible, it may be relevant to reuse the UL dropping rule: the UE would prioritize the 
2.2.1	PDCCH+PDCCH
Receiving PDCCH simultaneously from source and target is the critical enabler for achieving adequate performance with reasonable complexity at the network. As long as the UE monitors the PDCCH from source and target, the network can schedule PDSCH and CSI-RS to avoid collisions from source and target for these channels. 
[bookmark: _Toc24121144]Simultaneously monitoring PDCCH from source and target is a key enabler for competitive DAPS performance.
Already in the single cell case, the UE is required to perform a number of blind decodes for a set of PDCCH candidates. The different PDCCH candidates are independently configured, and the specification is not stating that the UE should only decode one PDCCH – that limitation is introduced in the UE feature list (FG 3-1). There is also a UE feature (FG 2-4) that limits how many active TCI states the UE would have to track. FG 2-4 is stated per CC, so it is not obvious how that would be applicable to DAPS handover.
[bookmark: _Toc24121145]Release-15 does not limit the number of PDCCH decodes to one.
[bookmark: _Toc24121146]No specification change is required to facilitate simultaneous reception of multiple PDCCHs. 
Based on the above arguments, we propose
[bookmark: _Toc24121152]Simultaneous reception of PDCCH from source and target is included in the basic support for DAPS for all scenarios, at least for the unicast DCIs.
2.2.2	PDSCH+PDSCH
Simultaneous receiving PDSCH from source and target would be quite beneficial. In this case, the network would deliberately schedule PDSCH from source and target – not by accident. Ensuring that the UE can decode the two PDSCHs would provide improved performance, and is similar to the operations performed for multi-TRP. However, the TCI state used to receive the PDSCH DMRS is completely independent from the source and target cell, so the situation is not completely identical: hence there will probably be an impact to the UE features in this aspect.
Since the performance gains may be significant, we propose
[bookmark: _Toc24121153]Simultaneous reception of PDSCH from source and target are supported in some cases.
Regarding PDSCH reception, the specification only talks about the reception of PDSCH per serving cell. Essentially, the UE is only required to decode one PDSCH per serving cell. This formulation is introduced to support CA but is equally applicable to DAPS.
[bookmark: _Toc24121147]The specification describes that the UE can be configured to receive one PDSCH per serving cell, which implies that no specification changes are required to support simultaneous reception of more than one PDSCH during DAPS handover.
As for PDCCH+PDCCH described in section 2.2.1, this will have impact on the UE features.
2.2.3 	PDSCH/PDCCH+CSI-RS
If the UE is capable of receiving the PDSCH at the same time it is receiving PDCCH/PDSCH, improved link adaptation performance can be obtained. However, as the time for DAPS handover may be short, the value of accurate link adaptation may be questionable, especially for the source.
However, the UE is anyway reporting CSI using the provide resources for channel and interference estimation. Both the channel and interference is estimated in the configured resources, irrespective of the radio conditions in these resources: hence, the UE is not aware of the origin of the PDSCH interference. 
The same is true for CSI-RS for tracking: for a limited time at the cell border, the performance benefits of receiving the TRS would not have a large impact on UE performance.
In this case, we note that the UE in the single-cell case is required to rate-match around periodic and semi-persistent NZP CSI-RS resources, but not around aperiodic CSI-RS resources. Hence, the current specification supports simultaneous reception of PDSCH and aperiodic CSI-RS.
2.2.5 	PDCCH+PDSCH
If the UE is capable of the combinations described in subsection 2.2.1 and 2.2.2, it should also be capable of simultaneous reception of PDCCH and PDSCH: since the UE typically buffers the whole slot to facilitate same slot scheduling, it would seem natural that the UE can decode PDSCH also if it overlaps with PDCCH:
[bookmark: _Toc24121148]A UE capable of simultaneous reception of PDCCH+PDCCH and PDSCH+PDSCH should also be capable of simultaneous reception of PDCCH+PDSCH.
This combination may occur if the monitoring occasions for PDCCH or the CORESET frequency allocations are different in source and target. This situation may easily occur due to the independent configuration of source and target.
2.2.6	CSI-RS+CSI-RS
Regarding the combination CSI-RS+CSI-RS, the arguments for other combinations with CSI-RS are still relevant: the UE essentially performs the measurements irrespective of what other signals are present in the REs. Still, the importance of the resulting CSI measurements can be discussed.
2.3	UE features
In general, there will be RAN1 features added to support DAPS. In fact, RAN2 already requested this in [1], suggesting what feature descriptions may be relevant. RAN2 also assumes that the UE capabilities for DAPS can be indicated e.g. similar as the band combination for CA/DC and indicates additional features that may be indicated:
· sync/async DAPS HO;
· support for multiple TAG (i.e. different TAG in source and target cells)
· ability to simultaneously transmit with both source and target PCells based on RF chain capability (i.e. whether dual UL is supported during the DAPS HO or not);
· Handover involving different SCS (as agreed in RAN4)
For inter-frequency DAPS HO, relying on the features defined for CA is a reasonable starting point. To us, it would seem that very little is needed in addition to the above list.
For intra-frequency DAPS, there would seem that some additions may be needed, as discussed in subsection 2.2. In general, several of the UE features have limitations per cell, and since source and target are different cells, it may be so that the features related to, e.g., basic DL control channel and procedure (FG 3-1) combined with a basic CA feature (FG 6-1) would suffice. In principle, a UE capable of receiving two PDCCHs on two different inter-frequency cells would be capable of receiving them on the same frequency as well: however, the performance may be improved if the UE could utilize the a priori information that two PDCCHs are simultaneously received, i.e., MIMO for PDCCH. 
For PDSCH, a similar argument could be made: the hardware should suffice to receive also two PDSCHs scheduled on the same time-frequency resources. But performance would be improved if the UE would detect them simultaneously.
It is not clear to us if there would be a benefit to add UE features to indicate better capabilities for simultaneous reception of PDCCH and/or PDSCH.
 
Conclusion
In the previous sections we made the following observations: 
Observation 1	PRACH transmissions to the source during DAPS handover can be avoided by configuration and signalling.
Observation 2	Simultaneously monitoring PDCCH from source and target is a key enabler for competitive DAPS performance.
Observation 3	Release-15 does not limit the number of PDCCH decodes to one.
Observation 4	No specification change is required to facilitate simultaneous reception of multiple PDCCHs.
Observation 5	The specification describes that the UE can be configured to receive one PDSCH per serving cell, which implies that no specification changes are required to support simultaneous reception of more than one PDSCH during DAPS handover.
Observation 6	A UE capable of simultaneous reception of PDCCH+PDCCH and PDSCH+PDSCH should also be capable of simultaneous reception of PDCCH+PDSCH.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the working assumption that the UE should drop UL transmissions to the source cell if a collision occurs.
Proposal 2	The UE drops UL transmissions to the source cell if a collision occurs for all combinations of UL channels/signals.
Proposal 3	The dropping rule is not applicable inter-frequency intra-band scenarios, or inter-frequency inter-band scenarios if the UE can transmit to the source without any degradation of the transmission to the target.
Proposal 4	Simultaneous reception of PDCCH from source and target is included in the basic support for DAPS for all scenarios, at least for the unicast DCIs.
Proposal 5	Simultaneous reception of PDSCH from source and target are supported in some cases.
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