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Introduction
[bookmark: _Hlk510705081]A new WID on NR mobility enhancements was updated in RAN Plenary meeting #85 [1]. The objectives to be considered in the work item are as follows:
	· [bookmark: _Hlk16150552]To specify the following solutions agreed during the study phase. [RAN2/RAN1/RAN3/RAN4]:
· To reduce interruption time during HO:
· Dual active protocol stack based HO interruption time reduction solution; 
· To improve HO/SCG change reliability and robustness:
· Conditional handover for NR PCell change;
· Conditional handover based NR PSCell addition/change for any architecture option with NR PSCell;
· T312 based fast failure recovery (similar to LTE)



In this contribution we discuss the physical layer aspects of dual active propocol stack based HO interuption time reduction solution.
Dual active protocol stack (DAPS) based HO solution
In RAN1 meeting #98 following conclusion was made regarding the DAPS based HO:
	Conclusion:
· Companies are encouraged to provide views and proposals to complete the physical layer specification in the next meeting for dual active protocol stack (DAPS) based HO solution agreed in RAN2.
· The following are list of potential physical layer aspects that may be relevant for discussion:
· How to leverage features supported by Multi-TRP WI
· Procedures related to DL/UL operation
· PDCCH monitoring, CORESET, and Search Space configuration for source and target cells
· PDSCH resource allocation and transmission for source and target cells
· How the simultaneous reception is performed, e.g. TDM
· PUSCH resource allocation and transmission
· How the simultaneous transmission is performed, e.g. TDM
· Multi-beam PUSCH transmission (e.g. repetition of PUSCH)
· Physical layer functionality needed to support RAN2 agreement, “Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution.”.
· HARQ-ACK, CSI, SR feedback
· Uplink TA adjustments
· Power control for PUSCH/PUCCH/SRS 
· Any other Tx/Rx beam related aspects
· Physical layer aspects required to support DAPS based HO solution in FR2 (including determining feasibility and whether or not support feature for FR2)
· UE capability aspects





In below discussion we make an assumption that the DAPS based HO follows the general principles of HO (i.e. Reconfiguration with synch) apart the fact that UE maintans connection to both target and source cell simultaneously. Note that the following discussion is mostly from FR1 perspective, as for FR2 it would seem that TDM based approach is required due to spatial domain restrictions.

Bandwidth related configurations
In RAN1#96bis RAN1 responded to RAN2 LS on the feasibility of different simultaneous connectivity scenarios [3]. In this section we discuss some of the open issues for FR1.
One of the open issue that was not concluded was the impact ot BWP configurations in case of FR1 intra-band intra- and inter-frequenccy. The feasibility of simultaneous transmission and reception in these cases was based on the assumption that the UE supports the considered band combination as part of CA and/or DC. For inter-frquency case, for a device that supports the said carrier combination e.g. based on CA, it would appear to be possible to configure the bandwidth of the BWP also independently (apart for the subcarrier spacing if the UE does not support ’supportedSubCarrierUL/DL’). 
Proposal: For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently, expect for subcarreir spacing which is pending on the UE capability.
In case of intra-frequency, it would seem neccesary that the BWP configuratons would overlap, while it does not yet imply that the BWPs need to have the same bandwidth. In [4] RAN4 also concluded that if the source bandwidht is wider than the target, then the simultaneous reception is feasible. 
Proposal: For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth.
Further for intra-frequency case, it was noted part of the feasibility analysis [3] that the PRB grid needs to be aligned. It was left open whether this assumption implies that also the PointA would need to be aligned or whether it is enough that these are separated by integer number of PRBs (to align the data PRB grids). Correspondingly it was not concluded whether SCS-SpecificCarrier(s) for the given numerology (or other numerologies) would need to be identical. As this is not currently required for intra-frequency cells (SS/PBCH block frequency location and scs are of course to be aligned), and if the BWPs on the two cells are overlapping, it does not seem neccesary that the SCS-SpecificCarrier nor PointA location to be aligned between the cells. Of course it would need to be ensured that the active BWP of one cell would not fall outside the SCS-SpecificCarrier of the other cell i.e. resulting issues with assumed adjacent channel attentuation.
Observation: In FR1 intra-band intra-frequency case, it would not seem neccesary to align SCS-SpecificCarrier nor PointA location between the cells. The active BWPs need to fall within the SCS-SpecificCarrier of both source and target cells.
For the intra-frequency simultaneus transmission, it would appear also that the DC sub-carrier location would need to be aligned for the two cells, i.e. txDirectCurrentLocation in the UplinkTxDirectCurrentBWP configurations would need to be aligned.
Observation: For simultaneoues transmission to two cells in case of intra-band intra-frequency, the DC locations need to be aligned.
DAPS HO operation
As a first logical step for target cell resouce configuration from physical layer perspective is the configuration of the RACH related parameters. In this context both CFRA and CBRA can be considered. In both cases UE is provided with the RACH resource allocation (preambles, RS association etc.) as well the DL configuration to determine the monitoring for RA-RNTI/TC-RNTI (e.g. DCI format 1_0 scrambled with RA-RNTI in Type1-PDCCH CSS) and/or C-RNTI (CSS/USS). In the following sections we focus mostly on the intra-frequency scenarios, as for inter-frequency cases the DL and UL configurations can be independent, while there may be a need to consider e.g. the TDM pattern approach also for inter-frequency for UL PC perspective.
Uplink aspects

In RAN1#98bis a working assumption was agreed for UL transmission in intra-frequency case to use TDM approach based on simple dropping rule:- 
	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




It was left open whether the same approach would be applied for inter-frequency (intra/inter-band cases) and whether the dropping rule applies to all UL channels/signals in intra-frequency case. 
Now for intra-frequency operation, it reason for dropping target cell transmission instead of source cell transmissions if there would be some intermediate actions expected during DAPS HO procedure that would require transmission to source cell and NW would not be able to apply scheduling based TDM between cells. Example of such procedures would be BFR where UE might start CFRA to source cell. However in RAN2#105bis RAN2 made following agreement related to failures in DAPS HO procedure:

Agreements
1	T304 is reused to determine the DAPS handover failure.
2	When the DAPS handover fails, the UE report the DAPS handover failure via the source link without triggering RRC connection re-establishment if the source link is still available (i.e. RLF is not declared).
3	When the DAPS handover fails, the UE resumes the DRB data transmission via the source link if the source link is still available.
4	Before the successful completion of the RACH to the target cell, the UE keeps the source link failure detection.
5	Before the successful completion of the RACH to the target cell, when the source link fails, the UE releases the source link (but not source RRC configuration which may be used for re-establishment) and stops any data transmission or reception via the source link.
6	After the successful completion of the RACH to the target cell and before the release of the source link, the UE does not keep the source link failure detection of the source link. 
8	As the legacy handover, the UE continues the RACH to the target cell before the DAPS handover failure is claimed, even though the target MAC entity indicates the random access problem.
9	After the successful completion of RACH to the target cell, the target link RLM is the same as the legacy UE
10	After the target cell RACH completion and before the release of the source cell, when the target link fails, the UE triggers RRC connection re-establishment.
11	If both the handover/target link failure and the source link failure occur, the UE triggers RRC connection re-establishment.
12	The UE has only one RRC state/entity.

Based on these agreements it would appear that UE is expected to monitor the source cell for link failure (RLM/BFD) only until the successful completion of RACH procedure to the target cell. It is also agreed by RAN2 that if link failure is observed in the source cell, UE releases the source cell link. Hence, it would appear that there is no need to support ‘un-scheduled’ transmissions to source cell during the DAPS HO procedure. Therefore it does not appear to be any reason to have different priorization rules for different channels in intra-frequency case.
Proposal: In intra-frequency case, always prioritize target cell over source cell in case of a collision.
For inter-frequency, the alternative approach to dropping rule would be to use power sharing, e.g. as determined for CA operation in Section 7.5 of 38.213. In CA case in the power sharing approach UE prioritizes the primary cell or, if cells have same priority, cell for wich PUCCH has been configured. For inter-frequency cases, the reason to use power sharing instead of simple dropping rule, would be if there would be sufficiently frequent scenarios when UE has sufficient power reserve so that it can transmit to both cells, source and target, simultaneously with sufficient power to ensure succesfull reception as well as payload size (for PUSCH). Also, for asynchronous scenarios inter-frequency sceanarios, or scenarios with different SCS, it could be beneficial to consider the power sharing approach. If power sharing approach would be adopted for inter-frequency cases, it would be preferable that it would be very simple as assumed for CA. I.e. UE would prioritizes power allocation for transmissions on target cell over the source cell power allocations. This should also be independent of channel/signal type as based on earlier discussion there is no need to prioritize source cell transmissions. In scenarios where the UE power budget is limited, the power sharing is in practise likely to result similar outcome as in case of simple dropping rule, thus there may not be strong motivation to adopt power sharing approach over simple dropping rule. It could be argued that such scenarios are more common in handover reqions, but that may be too strong generalization. From specification work perspective as dropping rule has already been agreed for intra-frequency case it could be preferable to adopt
Observation: Both, simple dropping rule where the target cell is always prioritized or simple power sharing rule where the target cell is always prioritized, could be considered inter-frequency case.
Observation: In power limited scenarios simple dropping rule and simple power sharing rule result similar outcome. 
Observation: From specification work perspective, adopting common approach for all scenarios, intra-frequency and inter-frequency could be preferable.
When executing DAPS handover, UE immediately accesses the cell using the indicated BWP, without requiring to read the SIBs first (i.e. similar as in LTE, the HO command contains all the information needed to establish the connection to the target cell). UE performs the Randon Access procedure according the indicated parameters. Now it has been earlier concluded that the numerology in the simultaneous data transmission (for intra-frequency case) should be the same [3]. It was also stated that it may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different subcarrier spacing. Now for UL perspective, the subcarrier spacing for long RACH preamble sequence with length of 839 can be 1.25kHz and 5kHz for FR1, while for short sequence length 139 subcarrier spacings of 15kHz (FR1), 30kHz (FR1), 60kHz(FR2) and 120kHz(FR2) are possible. The subcarrier spacing selection for RACH preambles is to some extent independent of the subcarrier spacing selected for data/control. Also the general RACH configuration is dependent on the cell deployment (e.g. number of SSBs) i.e. can be different between source and target. Therefore it would not seem feasible to require that the target cell RACH configuration, including preamble subcarrier spacing, to be same as source cell RACH configuration. It is also good to note that currently (in Rel-15) RACH preamble numerolgy may differ from the data/control numerology in the active BWP. Hence, from RACH perspective the requirement to have same subcarrier spacing applied for target and source cell BWP should not be required and RACH configurations should be allowed to be independent. 
Observation: RACH configurations, including the preamble numerologies and occassions, may be different in source and target cells.
Proposal: RACH configurations, including subcarrier spacing, can be independent in source and target cell.

When considering the RACH preamble transmission, it could be simply considered that UE would ignore UL grants and PUCCH transmissions to source cell, when collisions with the target cell RACH occassions would occur. This may cause DL PDSCH re-transmission (due to missed HARQ) or missed UL grants, thus it has some negative implications. Alternatively, it could be assumed that source cell avoids collisions by not scheduling UL allocation that collides for the target cell RACH occassions, nor scheduling DL data so that HARQ feedback would not collide with the RACH occassions. Of course in this case source cell should be aware of the target cell RACH occassions, which could be rather feasibly assumed (as the RACH configuration of target cell is provided in Reconfiguration with Synch). However depending on the target cell configuration there could be multiple RACH occassions (and with dense periodicity), blocking the UL transmision (and DL to avoid missed HARQ) from source for long periods. Similarly it would not be feasible to determine fixed TDM pattern as it could result long ‘outage’ in the source cell. Hence, these approaches, UE ignoring/dropping the source cell transmissions(UL/DL), avoiding by scheduling, or fixed TDM pattern may not be feasible. Hence, to avoid extensive UL blocking to the source cell, some UE assitance on the (target) RACH occasions to be accounted could be considered at least for CBRA. E.g. UEs could indicate the selected sub-set of the target RACH resources. Note that it is assumed that in case of CFRA the number of occassions would be lower, thereby not resulting such a high blocking probability.
Proposal: To avoid source cell UL and DL blocking due to target cell RACH occassions, some UE assistance information on selected RACH resources could be considered for CBRA.
Spesification impact
Based on the working agreements we need to account the dropping rule for the DAPS HO in RAN1 spesification. In this concext 38.213 gives some starting points to consider the specification impact. For determining the dropping, the time domain aspects need to be accounted. In case of intra-band CA, there are rules determined (in Section 8.1. of 38.213) for when UE is expected to transmit PRACH and PUSCH/PUCCH/SRS in same slot or in consegutive slots depending on the differences in symbols between the end of PRACH and start of the PUSCH/PUCCH/SRS transmission (e.g. N={2,4} symbols for SCS {[15,30], [60,120]}. For intra-frequency dropping there would be need to determine something similar at least for dropping due to target cell PRACH. 
Observation: Some minimum time difference after target cell transmission, at least fro PRACH, before UE is expected to transmit to source cell may need to be determined.

Downlink aspects

In RAN1#98bis the approach to be used in DL for developping support for DAPS was discussed, focusing on two alternatives; to assume simultaneous reception or TDM operation. In this context it is good to observe that in RAN2#105bis, RAN2 made an agreement to restric the solutions for handover interuption timer reduction to cases where UE is able to receive simultaneously from source and target cell, i.e.:-
Agreements
1	The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)
2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.
3	We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).

Based on the freedback from RAN4, in [2] and in [4], the simulataneous reception is feasible in synchronous intra-fequency scenarios with decives supporting single or dual FFT, and feasible in intra-frequency asynchronous deployment with devices supporting dual FFT. Correspondingly for inter-frequency cases simulatanous reception is feasible, in synchronous and inter-band asynchronous cases when UE supportings downling CA, when the UE has spare RX RF resource. It has been agreed in by RAN2(#107bis) that in DAPS HO UE is expected to support only two links (i.e. the source MCG link and the target MCG link), thus UEs supporting the downlink CA (for the given bands) should have RX RF resources available. Therefore it would seem approriate to consider the simultaneous reception as a baseline assumption for developping support in RAN1 for DAPS.
Proposal: Assume simultaneous reception from source and target cell in DAPS.

In RAN1#98bis it was agreed that the PDCCH configurations of the target and source cell can be independent. The applicability of multi-TRP related assumptions for PDSCH reception has been considered for DAPS. In multi-TRP it is assumed that, with certain side conditions that UE can receive two PDSCH simultaneously, (scheduled by two PDCCHs). I.e. the PDSCH are assumed to have same DMRS configuration in terms of front-loaded DMRS symbols, number of additional DMRS and their location and type. Furhtermore same active BWP is assumed. Following restrictions have been agreed in case of multi-TPR [5]:
	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, 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.




These side conditions are not neccesarily feasibly carried over to DAPS based HO solution. Namely it would not be possible to consider to have single active BWP. Furhtermore DMRS configurations could differ e.g. when CBRA is used in target cell. Therfore it should be discussed whether these side conditions can be alleviated for simultaneous reception from target and source cells and more independent PDSCH configurations allowed. In practise it would be preferable the the PDCSH configurations would be independent, appart for the restrictions considered ealier i.e. the SCS should be the same and the BWP of target or source should be contained within of source or target BWP, respectively.
Observation: PDSCH allocations/configurations should be allowed to more independent than in case of multi-TRP work.
Spesification impact
The changes required in RAN1 spesification to support simultaneous reception, could be rather marginal as disuccussed in last meeting. 
As discussed in RAN1#98bis due to the fact that 38.214 has been written to support CA (and NR-DC) the behaviour and requirements are set for a scheduled cell, or for a given scheduled cell or for primary cell. No wording explicitely states that UE is expected to receveive only from one cell or that only one cell is supported. 
In context of 38.213, some minor updates could be needed, depending on the RAN2 agreements. 
The RLM and BFD related procedures defined in Section 5 and 6, respectively, the requiremenst are determined per primary cell or serving cell. As in DAPS UE will be configured with two primary/serving cells, this does not appear to restricted in simultaneous reception. In this context it is good to note that RAN2 baseline assumption has been that once the HO is complete, UE will stop the RLM and BFD in the source cell. Whether this needs to be reflected in RAN1 spesification could be considered once RAN2 details are more clear.
Observation: RLM/BFD related procedures do not appear currently to need to be updated due to simultaneous reception. Some changes may be needed, pending on RAN2 agreements. 
In Section 9 of 38.13, the procedures for reporting uplink control information e.g. HARQ-ACK information bundling, are determined. The behaviour is defined per MCG and SCG. In this context of this section it could be considered whether the dropping behaviour in UL would need to be accounted. Based on the working assumption to apply dropping in intra-frequency, if there is collision of transmitting UCI, some information loss may occur. It would be naturally NW task to ensure sure this does not happen (i.e. it is an error case that the PUCCHs collided in source and target) and should not be too frequent. Therefore it would not seem necessary to consider changes for the UCI transmission bundling. What could be clarified on context of Section 9 that the UCI reporting behaviour is considered independently for two MCG.
Observation: In case of DAPS it may need to be clarified that for UCI reporting that we consider two MSG independently in terms of e.g. HARQ-ACK feedback determination.
On UE procedures for receiving control information given in Section 10 of 38.213, apply for most parts for both MCG and SCG. Initial access related SS (Type0/0A/2-PDCCH CSS) are not applicable for SCG. It might be need to update this section to cover aspect of having two MSG, source and target for the UE, but this would be a minimal change. For the PDCCH monitoring also the number BD decoding candidates may need to be considered in connection to the UE capabilities. If the the baseline assumotion is that UEs supporting DAPS would have corresponding CA capability, there might not be any need to consider any restrictions as in case of CA the relaxations apply only when more than 4 serving cells are configured. 
Observation: For UE procedures for receiving control information it may need to be clarified that these apply also in case of two MCGs. If the baseline assumption is that UEs supporting DAPS also support CA, there might not be any need to considere any restriction in total numer of BD candidates.
Correspondingly to UE procedures for receiving control information, for UE-group common signalling in Section 11 of 38.213, it could be considered whether for DAPS the support of two MSGs would need to be accounted, i.e. by determining that the procedures apply for for both. For UL-DL configuration these would need to comply to UE capabilities (e.g. simultaneousRxTxInterBandCA) and transition times (RX<->TX) as spesified in 38.211 (Section 4.3.2).
Also the UE behaviour for Bandwidth part operation, in Section 12 of 38.213, has been determined to apply for both MCG and SCG, and it might be needed to be update to be applicable also in case when UE is configured with two MCGs.
Observation: For UE behaviour in respective to UE-group common signalling and Bandwidith part operation would need to be updates to cover the case when UE is configured with two MCGs.
Conclusion
In this contribution we discussed the physical layer aspects related DAPS based HO solution. 
In context of bandwidth related configuration in Section 2.1 we make following proposals and observations:-
Proposal: For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently, expect for subcarreir spacing which is pending on the UE capability.
Proposal: For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth.
Observation: In FR1 intra-band intra-frequency case, it would not seem neccesary to align SCS-SpecificCarrier nor PointA location between the cells. The active BWPs need to fall within the SCS-SpesificCarrier of both source and target cells.
Observation: For simultaneoues transmission to two cells in case of intra-band intra-frequency, the DC locations need to be aligned.
On the UL aspects for DAPS HO, including dropping rule and power sharing, we make following proposals and observations:-
Proposal: In intra-frequency case, always prioritize target cell over source cell in case of a collision.
Observation: Both, simple dropping rule where the target cell is always prioritized or simple power sharing rule where the target cell is always prioritized, could be considered inter-frequency case.

Observation: In power limited scenarios simple dropping rule and simple power sharing rule result similar outcome. 
Observation: From specification work perspective, adopting common approach for all scenarios, intra-frequency and inter-frequency could be preferable.
Observation: RACH configurations, including the preamble numerologies and occassions, may be different in source and target cells.
Proposal: RACH configurations, including subcarrier spacing, can be independent in source and target cell.

Proposal: To avoid source cell UL and DL blocking due to target cell RACH occassions, some UE assistance information on selected RACH resources could be considered for CBRA.

Observation: Some minimum time difference after target cell transmission, at least fro PRACH, before UE is expected to transmit to source cell may need to be determined.

In Section 2.2.2 we discussed the DL aspects, and made following proposal and observation:-
Proposal: Assume simultaneous reception from source and target cell in DAPS.
Observation: PDSCH allocations/configurations should be allowed to more independent than in case of multi-TRP work.
In terms of specification impact we also observe in Section 2.2.2 as follows:-
Observation: RLM/BFD related procedures do not appear currently to need to be updated due to simultaneous reception. Some changes may be needed, pending on RAN2 agreements. 
Observation: In case of DAPS it may need to be clarified that for UCI reporting that we consider two MSG independently in terms of e.g. HARQ-ACK feedback determination.
Observation: For UE procedures for receiving control information it may need to be clarified that these apply also in case of two MCGs. If the baseline assumption is that UEs supporting DAPS also support CA, there might not be any need to considere any restriction in total numer of BD candidates.
Observation: For UE behaviour in respective to UE-group common signalling and Bandwidith part operation would need to be updates to cover the case when UE is configured with two MCGs.
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