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1	Introduction
In RAN1#96, the following conclusion was made:
Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

In this paper, we focus on the physical layer aspects of HO enhancements that rely on simultaneous reception/transmission to and from multiple cells. This includes dual connectivity-based (DC-based) handover, but also Make-Before-Break (MBB) handover. [1]
We also perform a comprehensive comparison with the work on multi-DCI based multi-TRP transmission performed in the eMIMO WID. [2]
[bookmark: _Ref178064866]2	Discussion
RAN2 has agreed to study enhanced Make-Before-Break (MBB) solutions to push HO interruption to 0ms. The MBB solution requires that the UE can simultaneously receive and transmit to more than one cell. In parallel, RAN2 is also studying if dual connectivity (DC) could be used to achieve 0ms delay. Note that MBB and DC-based HO are two different things: the MBB solutions may not rely on the signalling defined for dual connectivity. For a comparison between MBB and DC-based HO, see [3].
From a L1 point of view, the MBB solution and DC-based HO is quite similar, since they both require that the UE can communicate with two cells at the same time. The source and target cells may be on the same or on different carriers. Note that for the DC-based solutions, the two cells involved in the HO are the PCell and the PSCell, which are both source cells, but for simplicity, we will use the terms ‘source’ and ‘target’ throughout this contribution.
Simultaneous reception from several TRPs on the same carrier from the same cell or different cells, has been discussed in the eMIMO WID, as part of the multi-DCI solutions for multi-TRP communication. Some of the agreements made during that discussion are relevant also here: the technical issues are identical.
2.1	Feasibility of simultaneous reception/transmission
The feasibility of simultaneous reception/transmission was discussed for LTE in the recent LS response [4]. In summary it was concluded that
· Inter-frequency, inter-band: simultaneous Rx/Tx may be feasible for some UE designs, but not for all source/target bands combinations
· Inter-frequency intra-band synchronous: simultaneous Rx/Tx may be feasible for some UE designs
· Intra-frequency synchronous: simultaneous Rx/Tx may be feasible for some UE designs under some conditions
· Intra-frequency asynchronous: simultaneous Rx may be feasible for some UE designs under some conditions
RAN1 did not conclude on the following:
· Inter-frequency intra-band asynchronous
· Intra-frequency asynchronous transmission
It is foreseen that the same would apply for NR in FR1, whereas the limitations for FR2 would be more restrictive.
RAN4 replies in a similar way in [5], with additional details on bandwidth of the source and target cell. RAN4 also makes the distinction of single or dual FFTs and discusses the Tx power difference and UL timing.
There is also the reply LS [6], which discusses the same topic. Here, there is also additional statements that dual RF chains is not a typical implementation. Furthermore, FR2 is discussed, and RAN4 states that simultaneous Rx/Tx from two intra-frequency cells is not feasible.
Overall, seems difficult to draw conclusions on the feasibility of simultaneous Rx/Tx in general. However, for the important intra-frequency case, there has been some progress in the eMIMO work, in particular for the multi-TRP, multi-DCI topic. In our understanding, the situations are very similar:
[bookmark: _Toc4783260]Simultaneous Rx/Tx required for intra-frequency MBB and DC-based HO is equivalent to the simultaneous Rx/Tx required for multi-TRP Rx/Tx using multiple PDCCH.
In the eMIMO work, the following was agreed in RAN1 #96:
Agreement
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, support following restrictions: 
· 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.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

From this agreement, we note that the UE can assume that the DMRS symbols overlap completely in time (“actual DMRS symbol locations”), which would only work in a synchronized system. Hence, even with multiple PDCCHs, asynchronous operation has been ruled out.
[bookmark: _Toc4783261]Asynchronous intra-frequency operation has been ruled out for multi-TRP operation using multiple PDCCHs.
The following agreement was also agreed
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2

Here we note that the PUCCH conveying the ACK/NACK feedback to the different TRPs needs to be TDM. Thus, the PUCCH scheduling must be coordinated across the TRPs. 
[bookmark: _Ref4401514][bookmark: _Toc4783262]The scheduling of the PUCCH conveying the ACK/NACK must be coordinated across the TRPs.
Based on Observation 3, we realize that some level of coordination is required to handle this feedback.
Summing up, we realize that the UE designs applicable for multi-TRP using multiple PDCCHs will require synchronous deployments where the TRPs are coordinated to some level. 
[bookmark: _Toc4783263]UE designs for multi-TRP using multiple PDCCHs will require synchronous deployments where the TRPs are coordinated to some level.
In our understanding, the restrictions agreed to multi-TRP using multiple PDCCHs will be relevant also for intra-frequency MBB and DC-based HO solutions that require simultaneous Rx/Tx. Thus, it does not seem realistic to assume that the restrictions for simultaneous Rx/Tx related to intra-frequency MBB and DC-based HO will be less strict than those applicable for multi-TRP transmission. Thus,
[bookmark: _Toc4783264]Simultaneous Rx/Tx for intra-frequency MBB and DC-based HO are associated with restrictions in network deployment.
So far, the multi-TRP discussion has been limited to a few channels, and FR2 has been discussed to a very small extent. However, it is foreseen that more channels will be discussed before the completion of the WI. There seems to be little reason to discuss intra-frequency simultaneous Rx/Tx in the mobility WI in RAN1: the conclusions from the multi-TRP can be used as is:
[bookmark: _Toc4783267]Reuse the agreements on the possibilities for simultaneous Rx/Tx from the multiple PDCCH for multi-TRP for intra-frequency MBB and DC-based HO.
For cases not applicable to the multi-TRP discussion, i.e., inter-frequency or even inter-band, further studies may be needed, but based on the information in [4][5][6], it seems premature to state that simultaneous Rx/Tx is possible in the majority of cases. 
The feasibility of simultaneous PDCCH monitoring from multiple cells will also be considered in the eMIMO work. Here we propose that the mobility work will reuse the conclusions from the eMIMO WID for the intra-frequency case:
[bookmark: _Toc4783268]The possibilities for simultaneous monitoring of for intra-frequency MBB and DC-based HO are the same as those agreed for the multiple PDCCH solution for multi-TRP.
There is thus no need to discuss PDCCH monitoring for source and target cells in the mobility WI, at least for the intra-frequency case.
2.2	Rx/Tx beam aspects
Beam aspects were brought up for discussion and included in the conclusion. The beam aspect has been taken into account in the mobility solutions in Rel-15 by making it possible for the NW to configure the UE to aggregate data from several “beams” when estimating the cell quality in the HO algorithms. Also, the UE may choose random access resource based on a beam measurement. A large number of beams will be present in FR2, but the functionality is applicable also in FR1.
When considering an MBB or DC-based HO solution, beam aspects need to be taken into account also. However, it is not fully clear what is meant by beam aspects. There is for sure the aspect that if any of the individual links is relying on beams to maintain communication, these beams must be maintained. In this context, we make the interpretation that beam operation implies FR2 operation: although the UE may use beams also in FR1, the beam-based operation will have no impact on the system as the UE is still capable of omni-directional reception in FR1.
[bookmark: _Hlk4413042]For FR2, it seems likely that the possibility for simultaneous Rx/Tx is more restricted than in FR1, as indicated by the reply LS from RAN4 [6]: it is even stated that simultaneous Rx/Tx is not feasible. If the statements in the LS remain, MBB and DC-based HO solutions are not applicable in FR2, and there are no beam related aspects to MBB and DC-based HO solutions:
[bookmark: _Toc4783265]If simultaneous Rx/Tx is not feasible in FR2, there are no beam related aspects to MBB and DC-based HO solutions.
If on the other hand the RAN4 statement is revisited, so that simultaneous Rx/Tx is indeed feasible in FR2, there will be a need to maintain separate beam pair links between the UE and each TRP. Also, in this case, the work on multi-TRP will provide the necessary input to the mobility WID:
[bookmark: _Toc4783269]Beam related aspects of intra-frequency MBB and DC-based HO solutions are described in the multi-TRP work, and any agreements and solutions are reused in the mobility work.
This leaves the inter-frequency versions of MBB and DC-based HO. Here we note that as long as the source and target cells are in the same band, there is no difference compared to the intra-frequency case: the UE typically cannot perform independent procedures on different carriers in the same band, since the UE has a wide analog front-end:
[bookmark: _Toc4783266]Compared to the intra-frequency case, there are no additional beam aspects when source and target cells are on different frequencies but in the same band. 
The remaining case is then the inter-frequency, inter-band case. Here it becomes necessary to perform independent beam management for the source and target cells during the transition period. For the DC-based solution, this should be relatively straightforward, since the PCell and PSCell are already established entities in the UE. In the MBB solution, there is a need to establish a way to perform beam management procedures independently for the source and target. 
2.3 	Other aspects
As discussed in the previous section, it is still an open question if several links can be maintained at the same time. However, under the assumption that it is possible, the question arises how the UL power control should be handled, for PUCCH, PUSCH and SRS. As the links are to different cells, the UL PC needs to operate independently to cater for the different pathlosses.
Fortunately, this has already been considered in the EN-DC work. Here the power control in LTE and NR runs independently, and the UE only shares the available transmit power. Here we propose to reuse the mechanism from EN-DC:
[bookmark: _Toc4783270]Reuse the EN-DC power control scheme also for MBB/DC-based handover.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Simultaneous Rx/Tx required for intra-frequency MBB and DC-based HO is equivalent to the simultaneous Rx/Tx required for multi-TRP Rx/Tx using multiple PDCCH.
Observation 2	Asynchronous intra-frequency operation has been ruled out for multi-TRP operation using multiple PDCCHs.
Observation 3	The scheduling of the PUCCH conveying the ACK/NACK must be coordinated across the TRPs.
Observation 4	UE designs for multi-TRP using multiple PDCCHs will require synchronous deployments where the TRPs are coordinated to some level.
Observation 5	Simultaneous Rx/Tx for intra-frequency MBB and DC-based HO are associated with restrictions in network deployment.
Observation 6	If simultaneous Rx/Tx is not feasible in FR2, there are no beam related aspects to MBB and DC-based HO solutions.
Observation 7	Compared to the intra-frequency case, there are no additional beam aspects when source and target cells are on different frequencies but in the same band.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse the agreements on the possibilities for simultaneous Rx/Tx from the multiple PDCCH for multi-TRP for intra-frequency MBB and DC-based HO.
Proposal 2	The possibilities for simultaneous monitoring of for intra-frequency MBB and DC-based HO are the same as those agreed for the multiple PDCCH solution for multi-TRP.
Proposal 3	Beam related aspects of intra-frequency MBB and DC-based HO solutions are described in the multi-TRP work, and any agreements and solutions are reused in the mobility work.
Proposal 4	Reuse the EN-DC power control scheme also for MBB/DC-based handover.
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