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Introduction
RAN1 made the following conclusions on simultaneous transmission/reception for simultaneous connectivity with the source and target cells during NR handover:
	Conclusion#98:
· 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

Conclusion#97:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 
· For both DC-based and MBB based HO that is feasible in scenarios identified in R1-1905780, 
· it is expected that UE can receive: 
· PDCCH from both source and target cells. 
· PDSCH from both source and target cells. 
· FFS: BWP and CORESET configurations, semi-static PDCCH configuration for source and target cells, PDCCH blind decoding budgets, etc. 
· it is expected that UE can transmit: 
· Multiple PUCCH for HARQ-ACK to both source and target cells. 
· FFS: whether the transmission is TDM or other manners. 
· FFS: multiple PUSCH to both source and target cells.
· FFS: Power Control related aspects.
· Further study dependence of simultaneous transmission and/or reception on UE capability, if any.
· Continue to discuss the feasibility of DC/MBB-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 




This contribution discusses our view on physical layer aspects to support dual active protocol stack (DAPS) based handover.
Downlink Channels
Multi-PDCCH 
During the DAPS based HO, it might be necessary to have some level of coordination between the source and target cells. However, tight coordination of detailed PHY and MAC configurations across cells might not be feasible. Therefore, it would be reasonable to support independent PDCCH and independent DCI for source and target cells in order to support DAPs based HO as illustrated in Figure 1.



[bookmark: _Ref21077398]Figure 1: Separate DCI/PDCCH at source and target cells
Proposal 1: Support separate DCI/PDCCH for the source cell and the target cell in DAPS based HO.

[bookmark: _Ref21020995][bookmark: _Hlk21018296]Downlink Channels Overlap
Some UEs might not have simultaneous Rx capability. For example, the FR2 UE with a single panel for receiving the downlink channels/signals at a time is not able to simultaneously receive downlink channels/signals from both source and target cells due to different downlink beams from source and target cells. In this case, alternatively receiving downlink from source and target cells should be considered. The following subsections discuss how to handle PDCCH/PDSCH collision for UE without simultaneous Rx capability via some prioritization rules which may be indicated by the network or autonomously followed by the UE.   
PDCCH Channel Prioritization 
In TS 38.213 [1], a set of dropping rules were defined for UE in a single cell or cell with CA when the UE monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP. For the DAPS based HO, where cell coordination between source and target cells is limited, the likelihood of the UE being scheduled to monitor PDCCH candidates in overlapping PDCCH monitoring occasions is expected to occur even more often. Therefore, for FR2 UEs incapable of simultaneously Rx, the UEs would have to select one of PDCCH monitoring occasion to monitor. 
While some of the Rel. 15 dropping rules maybe leveraged, however, other factors need to be considered such as priority levels between source and target cell during DAPS based HO. For example, when the UE completes RACH on the target cell, UE may want to prioritize target cell PDCCH monitoring occasion over that of the source cell.  Also, in Rel. 15 higher priority was given to the control search space (CSS) over the user search space (USS), however, for the DAPS based HO, one might want to consider different priorities for different cells. For instance, the CSS might be prioritized on the target cell because the UE is attempting to connect to the target while on the source cell, the USS might be given higher priority since the UE is already in connected mode and actively transmitting and receiving data. 

Proposal 2: For the UE without simultaneous Rx in DAPS based HO, when monitoring occasions of PDCCH from source and target cells are overlapped, a PDCCH monitoring prioritization rule should be defined.

[bookmark: _Ref21067787]PDCCH/PDSCH Channel Prioritization 
For UEs using the DL TDM during DAPS based HO, there would be a need for one reception to be prioritized over the other in case of overlapping PDSCH transmissions. Examples of such scenarios are depicted in Figure 2.



[bookmark: _Ref21079410]Figure 2 Examples of scenarios Requiring a Dropping Rule for UEs using TDM on the DL

Case 1- Actual Overlap:  As shown in the case 1 example, the PDCCH from the source cell partially overlaps with the PDSCH from the target. This is possible when there is limited coordination between the source and target cells. Specifically, when the schedulers for both gNBs are not coordinated, overlap between DL transmissions from both cells may not be avoided. 

Case 2 – Soft Overlap: This is scenario may occur not due to schedule conflict but due to UE processing times or a combination of cell, BWP and beam switching duration. When such duration is larger than the separation between two DL transmissions from the source and the target cells, the UE is only able to receive one of these transmissions and not both. This scenario is depicted in the case 2 example in Figure 2 where the UE is not able to receive the PDCCH of the source cell in time after receiving the PDSCH on the target cell. It is important to note that Case 2 is identical to Case 1 from the UE’s perspective as a prioritization of the reception of a DL channel is required over another. 

Below are some examples of a few prioritization criteria that can be used during DAPS based-HO: 
Type of cell – Since the UE is attempting to move connections to target cell, it might be more practical for to prioritize the target cell over the source cell. However, in case the connection on the target cell is not reliable, it might be better to prioritize the source cell in case the UE needs to follow back to the source cell if the connection to the target cell fails
Type of Channel – In the case where the overlap is between a PDCCH and PDSCH, this criterion might be useful. For example, the prioritization rule might favour data reception over control resulting in the PDSCH being received and dropping of the PDCCH. 
Scheduled transmission time – The priority is given to the first arriving channel while the later one is drop. 

Proposal 3: For the UE without simultaneous Rx in DAPS based HO, when PDCCH from source (target) cell overlaps with PDSCH from the target (source) cell or PDSCHs from both cells overlap, a channel reception prioritization rule should be defined.

PDSCH TCI State Prioritization
In TS 38.214 [2], there are well-defined rules for determining the PDSCH TCI states based on conditions such a TCI state indicated in the DCI of the scheduling PDCCH as well as the relationship between the threshold timeDurationForQCL and the offset between the PDCCH and the PDSCH, K0. These conditions and resulting PDSCH TCI sates are illustrated in Figure 3. 


[bookmark: _Ref21079484]Figure 3 PDSCH TCI State Determination
[bookmark: _Hlk21019456]As shown in Figure 3, the QCL assumptions of the PDSCH is either indicated by the TCI state in the DCI of the scheduling PDCCH, follows the TCI state of the scheduling PDCCH or the QCL assumptions of the CORESET of associated with the monitored search space with the lowest CORESET-ID in the latest slot. When the PDSCH TCI states are derived from the CORESET with the lowest CORESET-ID in the latest monitored slot, the TCI states are called the Default PDSCH TCI states. 


For FR2 UEs without simultaneous Rx, when there is overlap (i.e. Case 1 or Case 2) for two PDSCHs from the source and target cells with the QCL assumptions that are explicitly indicated by the TCI states in the DCIs or with TCI states that follows that of the scheduling PDCCH, a TCI state prioritization rule should be defined. The criteria for prioritization could be based on type of cell, scheduled time of the channel, etc
Proposal 4: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs from source and target cells overlap and have QCL assumptions which are explicitly indicated by the TCI states in the DCI or TCI states which follows the scheduling PDCCH, a TCI state prioritization rule should be introduced. 
For FR2 UEs without simultaneous Rx when there is overlap (i.e. Case 1 or Case) for two PDSCHs with default PDSCH TCI state, a TCI prioritization rule should be defined. The criteria for prioritization could be type of cell, scheduled time of the channel, etc
Proposal 5: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs with default PDSCH TCI states from source and target cells overlap, a TCI state selection rule should be introduced. 

For cases where one of the overlapping PDSCHs have a QCL assumptions explicitly indicated by the TCI state in the DCI or a TCI state that follows of the scheduling PDCCH while the TCI state of the other overlapping PDSCH is a default PDSCH TCI state, the prioritization may need to consider the reliability of the TCI state. An example for this case is presented in Figure 4.  



[bookmark: _Ref21079525]Figure 4 Example of Overlapping PDSCHs, one with TCI state explicitly signalled and the other with default PDSCH TCI state.
In this example, with K0 = 1 and threshold = 2, the PDSCH on the target cell has a default PDSCH TCI state because the K0 < threshold. Therefore, the PDSCH TCI state is derived from the TCI state of the CORESET associated with the monitored search space with the lowest CORESET-ID in the latest slot which is CORESET 1 (shown as the purple PDCCH).  On the source cell, K0 = 3 and threshold = 2, therefore, the PDSCH’s TCI state is indicated in the DCI. 
When such overlap occurs, the prioritization rule may choose to select the PDSCH with the most reliable TCI state which in this example would be the PDSCH on the source cell. Alternatively, other criterion such as type of cell (i.e. source/target cell) may also be used for prioritization. For example, in case the target cell is prioritized over the source cell, in example in Figure 4, then the TCI state selected would be the default PDSCH TCI state on the target cell even though it is less reliable that the TCI state of PDSCH on the source cell. 


Proposal 6: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCH with TCI state indicated by DCI from source (target) cell and PDSCH with default PDSCH TCI state from the target (source) cell overlap, an TCI state selection rule should be introduced.
Uplink Channels
During DAPS based HO, the UE sends HARQ-ACK feedback for the received PDSCHs from the source and target cells. Since source and target cells might not be coordinated in some deployment scenarios, it should be reasonable for UE to send separate HARQ-ACK feedback for received PDSCHs from cells. Furthermore, DAPS based HO should leverage the following multi-TRP agreements in supporting separate HARQ-ACK feedback [3]:
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

[bookmark: _Hlk20925628]Proposal 7: DAPS based HO supports separate HARQ-ACK feedback for PDSCHs from source and target cells with leveraging the following agreements from multi-TRP:
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

Uplink Channels Overlap 
During the DAPS based HO, a UE may be required to transmit HARQ-ACK feedback or UCI using the PUCCHs to a target and source cells. For the PUSCH, RAN2 has agreed that once the RRC reconfiguration complete message is received on the target cell, all UL data can only be sent on the PUSCH to target cell [5]. 
Due to limited coordination between source and target cells, there could be overlap between the uplink channels. This situation is more prone to occur when source and target do not coordinate across schedulers and PHY parameters such as K0, K1, K2 are not well coordinated. In these scenarios, PUCCHs from the source and target cells or a PUCCH and a PUSCH from the source and target cells can overlap in time. When such collision happens, the prioritization criteria options such as those already discussed in Section 2.2.2 should be required for the UE without simultaneous Tx. 
Proposal 8: For the UE without simultaneous Tx in DAPS based HO, when PUCCH from source (target) cell overlaps with PUSCH from the target (source) cell or PUCCHs from source and target cells overlap, a channel prioritization rule should be defined.

Downlink-Uplink Channels Overlap
In some scenarios, the TDD format of the both source and target cells are not well coordinated. As a result, there could be overlap transmission between the UL and DL channels from the source and target cells. Alternatively, there could be soft overlap like case 2 discussed in Section 2.2.2. 
In this overlap scenarios, UEs without simultaneous Rx and Tx in DAPS based HO would need to prioritize a channel and drop the other channel. The prioritization rule may be based on some of the criteria discussed in Section 2.2.2. In addition, the prioritization based on the direction of traffic could also be used. For example, the UE might need to prioritize the DL traffic to ensure DAPS based HO is completed before the transmitting its UL traffic if the application is not latency sensitive. 
Proposal 9: For the UE without simultaneous Rx/Tx in DAPS based HO, when DL/UL channels from source (target) cell overlap with DL/UL from the target (source) cell, a channel prioritization rule should be defined.
CA and multi-TRP in DAPS-based HO
When handover occurs, the UE may have CA operation and/or multi-TRP operation running in the source cell. There could be multiple ways to deal with ongoing CA/multi-TRP operations during handover e.g., the operation may be partially/completely deactivated, or the operation remains unchanged. How to handle this operation during handover should be discussed in RAN2. We have discussed source connection handling during DAPS HO in [3]. From our perspectives, RAN1 should discuss CA/multi-TRP-related PHY issues after RAN2 made agreements on the CA/multi-TRP operation.
[bookmark: _Hlk20834743]Proposal 10: Whether the CA/multi-TRP operation in the source cell is deactivated or remains unchanged should be discussed in RAN2. RAN1 should discuss CA/multi-TRP-related PHY issues after RAN2 made agreements on such operation.
Conclusion 
This contribution provides our discussion on physical layer aspects to support DAPS based handover. In particular, the following proposals have been made:
Proposal 1: Support separate DCI/PDCCH for the source cell and the target cell in DAPS based HO.

Proposal 2: For the UE without simultaneous Rx in DAPS based HO, when monitoring occasions of PDCCH from source and target cells are overlapped, a PDCCH monitoring prioritization rule should be defined.

Proposal 3: For the UE without simultaneous Rx in DAPS based HO, when PDCCH from source (target) cell overlaps with PDSCH from the target (source) cell or PDSCHs from both cells overlap, a channel reception prioritization rule should be defined.
Proposal 4: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs from source and target cells overlap have TCI states which are explicitly indicated in the DCI or indicated by the TCI of the scheduling PDCCH, a TCI state prioritization rule should be introduced.
Proposal 5: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCHs with default PDSCH TCI states from source and target cells overlap, a TCI state selection rule should be introduced. 

Proposal 6: For the FR2 UE without simultaneous Rx in DAPS based HO, when PDSCH with TCI state indicated by DCI from source (target) cell and PDSCH with default PDSCH TCI state from the target (source) cell overlap, an TCI state selection rule should be introduced.
Proposal 7: DAPS based HO supports separate HARQ-ACK feedback for PDSCHs from source and target cells with leveraging the following agreements from multi-TRP:
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot

Proposal 8: For the UE without simultaneous Tx in DAPS based HO, when PUCCH from source (target) cell overlaps with PUSCH from the target (source) cell or PUCCHs from source and target cells overlap, a channel prioritization rule should be defined.

Proposal 9: For the UE without simultaneous Rx/Tx in DAPS based HO, when DL/UL channels from source (target) cell overlap with DL/UL from the target (source) cell, a channel prioritization rule should be defined.
Proposal 10: Whether the CA/multi-TRP operation in the source cell is deactivated or remains unchanged should be discussed in RAN2. RAN1 should discuss CA/multi-TRP-related PHY issues after RAN2 made agreements on such operation.
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