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1	Introduction
In RAN1#98, the following conclusion was made:
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

Since then, RAN2 has changed the nomenclature: the term RUDI (Reduction in User Data Interruption) handover is used to describe the procedure, and this will be used in this contribution.
In this contribution, we discuss the above issues.
[bookmark: _Ref178064866]2	Discussion
2.1	Leveraging the multi-TRP work
In the multi-TRP work in the eMIMO WI [1], it is assumed that the UE can, at least to some extent, communicate with two TRPs at the same time. The intent is to support both intra-cell and inter-cell multi-TRP: it would seem that inter-cell multi-TRP is similar to RUDI handover.
2.1.1	Requirements
In multi-TRP, the following agreements were made in RAN1#96:
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

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: 
· [bookmark: _Hlk20985005]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.

These agreements were made to reduce the complexity at the UE receiver. For RUDI handover, these requirements would seem too restrictive, especially regarding the DMRS configuration. The agreement that the actual DMRS positions must be the same indicate that only synchronized deployments with small cell sizes are supported: the signals from the two cells must reach the UE with a time difference smaller than the CP. This is considered a major limitation:
[bookmark: _Toc21092307]If applied to RUDI handover, the requirements introduced in the mTRP work would limit the scenarios where RUDI handover is applicable. 
Some of the restrictions agreed for multi-TRP were made to facilitate communication with multiple TRPs over an extended period of time. For RUDI handover, the simultaneous communication is only performed over a short period time, which implies that looser requirements may be feasible, especially regarding configuration.  For instance, the requirement on same active BWP can be loosened. 
[bookmark: _Toc21092308]Some of the configuration restrictions in the mTRP work are introduced to facilitate communication over longer time periods, which is unnecessary for RUDI handover.
Of course, mTRP is limited to intra-frequency, which is not true for RUDI handover.
Based on the discrepancy of the requirements of mTRP and RUDI handover, we propose
[bookmark: _Ref21010050][bookmark: _Toc21092318]Multi-TRP and RUDI handover are separate UE capabilities. 
2.1.2 	Configuration framework
Although the control plane details for RUDI handover are still open, it would seem appropriate to reuse the handover procedure as much as possible: the configuration of the target cell is provided to the UE in the RRCReconfigurationWithSync, and the UE maintains the configuration of the source cell for some period, so the UE would for a transient period use the configuration related to two separate cells. There are also different RLC entities for the two cells.
For multi-TRP, there is always just a single RLC entity: the data is split on lower layers, and the configuration is tailored to support this. Either the serving cell configuration is extended with configuration details about another cell. Examples of added configuration details are more CORESETs, additional DMRS sequences and TCI states, or the CA framework is re-used to handle the configuration. In either case, since the data split is on lower layers for mTRP, it would not seem possible to reuse the mTRP configuration for RUDI handover: the mTRP configuration does not provide a way to distribute RLC SDUs from the two entities onto the different TRPs:
[bookmark: _Toc21092309]Due to the different user plane protocol structures, it is impossible to reuse the mTRP configuration framework for RUDI handover.
2.2	PDCCH monitoring aspects
Clearly, monitoring of PDCCHs transmitted from different cells will be required for RUDI handover. Here, the outcome of the recent email discussion on blind decodes for mTRP may be applicable:
o   [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70274401&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image024.png%22&N=image024.png]is replaced with [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70275538&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image025.png%22&N=image025.png], where [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70276937&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image026.png%22&N=image026.png]is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70278106&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image027.png%22&N=image027.png], and [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70278907&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image028.png%22&N=image028.png]is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70278106&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image027.png%22&N=image027.png]
o   The value range of r is [1, 2], and it depends on UE capability


However, this is limited to intra-frequency with the same active BWP and the same SCS, restrictions that are not necessarily applicable to RUDI handover. Still, the above could be used as a starting point for the restrictions in blind decodes also for RUDI handover:
[bookmark: _Toc21092319]Reuse the Rel-15 limits on the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP defined in [2], Table 10.1-2 and Table 10.1-3. As a starting point, replace [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70274401&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image024.png%22&N=image024.png] with [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70275538&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image025.png%22&N=image025.png] where r=[1,2] is a UE capability.
For configuration of PDCCH, including CORESETs and search spaces, the signalling mechanisms are left to RAN2: the PDCCH configuration is only a part of the target cell configuration, and RAN2 must define all the configuration details:
[bookmark: _Toc21092320]The PDCCH configuration related to RUDI handover is left to RAN2. 
In our understanding, the foreseen signalling mechanism is to rely on RRCReconfiguationWithSync, and that message would include the PDCCH configuration details.
2.3 	PDSCH and PUSCH allocation aspects
The question on how to allocate PDSCH and PUSCH resources is central. In particular, performing UL transmissions to both source and target at the same time would be challenging. RAN2 had the understanding that simultaneous UL transmission would not be needed, as captured in the RAN1 conclusion from RAN1#98: 
· Physical layer functionality needed to support RAN2 agreement, “Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution.”.

There was also a discussion if support was needed to switch the UL back and forth between the source and target cell, or if there was a single point in time when the UL was switched from source to target. As it turns out, there will be a need to switch the UL transmission between source and target: from performance reasons, both HARQ and RLC retransmissions in the source cell should be completed:
[bookmark: _Toc21092310]For a transient period, UL transmissions will be needed both to target and source cells.
Since simultaneous UL transmission is inherently difficult, there is a need to eliminate (or at least significantly reduce) the probability of UL simultaneous transmission. The question is how this is achieved.
One option that is often mentioned is TDM: by splitting the slots/subframes/frames between the source and target, simultaneous UL transmission can be avoided. Of course, TDM requires some level of synchronization between source and target:
[bookmark: _Toc21092311]TDM requires synchronization between source and target.
The next question is how to realize the TDM pattern. Here it is important to note that all UL transmissions in NR are either configured or scheduled explicitly:
[bookmark: _Toc21092312]All UL transmissions in NR are either configured or scheduled explicitly by the serving cell.
Thus, as long as the source and target gNBs are aware of the TDM pattern, they can ensure that no simultaneous UL transmissions occur. However, the UE does not have to know the TDM pattern: it just utilizes the UL grants it has:
[bookmark: _Toc21092313]To realize UL TDM, the UE can simply follow the grants provided by the source and target cells separately.
Note that in LTE, the HARQ ACK/NAKs transmitted in UL are not explicitly scheduled: they are transmitted a certain time after the DL reception. This design paradigm could motivate that the UE is provided with a TDM pattern, separate from the scheduling grants.
The assumption in the RUDI handover work is that the UE can simultaneously receive data from the source and target. This is not always feasible: most importantly, it is (in the general case) not possible for FR2. To support RUDI handover also for FR2, a monitoring pattern for PDCCH must be used.
We note that in principle, such a monitoring pattern already exists: the UE can be configured with non-overlapping search spaces from source and target. However, in practice, using such a pattern will be difficult, due to scheduling delays for different types of signals, and the processing delays in the UE. Already today, it is complicated to combine a scheduling PDCCH with a transmission opportunity for PDSCH, PUSCH, PUCCH, CSI-RS or SRS due to the UL/DL TDM pattern, combined with, e.g., the time line for the CSI reporting:
[bookmark: _Toc21092314]Using TDM is difficult, due to the complicated time line of DL/UL transmissions.
It could be possible to enhance the scheduling so that, e.g., an UL transmission is performed in the earliest possible UL time slot. However, this would be too complicated to solve in the remaining RAN1 meetings for Rel-16, and it is unlikely that we would be able to design a competitive solution in Rel-16. Hence, we propose
[bookmark: _Toc21092321] RAN1 does not introduce any TDM pattern for RUDI handover.
Despite the NW’s best efforts to coordinate the UL transmissions, it may happen that UL transmissions opportunities overlap, e.g., due to propagation delays. As the transmissions in the source cell are mainly related to finalizing HARQ and RLC re-transmissions, the UE should prioritize the transmissions to the target, and drop the transmission to the source if there is an overlap:
[bookmark: _Ref21009315][bookmark: _Toc21092322]In case the UE gets overlapping UL grants, the UE drops the transmission to the source.
2.4	UE capability aspects
In general, UE capabilities should be discussed when the normative text has been added to the specification. However, our understanding is that RUDI handover may under some circumstances be quite complex to implement: the fact that the UE would have to simultaneously receive from two cells may have a large impact on the physical layer implementation in the UE. In particular, if the DL signals are not synchronously received, the receiver complexity is increased. Also, RUDI handover is deemed to be relevant in many scenarios, since handover robustness is generally desirable. It is thus relevant to have UE capabilities that would facilitate deployment in a range of scenarios. For example, it would be valuable to understand what UEs are capable of receiving from source and target when the timing difference is larger than the CP.
2.5 	Other aspects
2.5.1	HARQ-ACK, CSI, SR
As previously mentioned, all UL transmissions are either configured or scheduled explicitly. This is in contrast to LTE, where the HARQ ACK/NAKs occur at predetermined occasions in relation to the corresponding DL transmission. For NR, HARQ ACKs, CSI and SR are just like any other UL transmissions. Thus, we observe
[bookmark: _Toc21092315]There is no RAN1 specification impact of RUDI handover related to HARQ-ACK, CSI or SR.
2.5.2	Uplink TA adjustments
Uplink TA adjustments were mentioned in the RAN1 conclusion. Here we do not see any RAN1 specification impact: the UE would have to maintain one TA for source and one TA for target, but the procedure and signalling for source and target are completely decoupled:
[bookmark: _Toc21092316]There are no RAN1 specification impacts of RUDI handover related to TA adjustment.
2.5.3	Power control for PUSCH/PUCCH/SRS
Again, we note that the configuration mechanism for RUDI handover is still open. However, assuming that RRCReconfigurationWithSync is used, the UE is provided a completely new configuration, including power control parameters for the target cell. The UE will still maintain the connection with the source, along with the associated configuration. Thus, the UE could adjust the transmit power for PUSCH/PUCCH/SRS using the parameters for the target and source cell, for the transmission to the corresponding cell. From layer 1, the handling of the target and source are independent. Note that we in Proposal 5 avoided simultaneous UL transmission, so power sharing would never happen. This means that
[bookmark: _Toc21092317]There are no RAN1 specification impacts of RUDI handover related to UL power control.
Conclusion
In the previous sections we made the following observations: 
Observation 1	If applied to RUDI handover, the requirements introduced in the mTRP work would limit the scenarios where RUDI handover is applicable.
Observation 2	Some of the configuration restrictions in the mTRP work are introduced to facilitate communication over longer time periods, which is unnecessary for RUDI handover.
Observation 3	Due to the different user plane protocol structures, it is impossible to reuse the mTRP configuration framework for RUDI handover.
Observation 4	For a transient period, UL transmissions will be needed both to target and source cells.
Observation 5	TDM requires synchronization between source and target.
Observation 6	All UL transmissions in NR are either configured or scheduled explicitly by the serving cell.
Observation 7	To realize UL TDM, the UE can simply follow the grants provided by the source and target cells separately.
Observation 8	Using TDM is difficult, due to the complicated time line of DL/UL transmissions.
Observation 9	There is no RAN1 specification impact of RUDI handover related to HARQ-ACK, CSI or SR.
Observation 10	There are no RAN1 specification impacts of RUDI handover related to TA adjustment.
Observation 11	There are no RAN1 specification impacts of RUDI handover related to UL power control.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Multi-TRP and RUDI handover are separate UE capabilities.
Proposal 2	Reuse the Rel-15 limits on the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP defined in [2], Table 10.1-2 and Table 10.1-3. As a starting point, replace [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70274401&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image024.png%22&N=image024.png] with [image: https://list.etsi.org/scripts/wa.exe?A3=ind1909C&L=3GPP_TSG_RAN_WG1&E=base64&P=70275538&B=--_022_3B1B78BCD0C350439A0EDDF0F6F7E68F0AC51B97yyzeml704chmchi_&T=image%2Fpng;%20name=%22image025.png%22&N=image025.png] where r=[1,2] is a UE capability.
Proposal 3	The PDCCH configuration related to RUDI handover is left to RAN2.
Proposal 4	RAN1 does not introduce any TDM pattern for RUDI handover.
Proposal 5	In case the UE gets overlapping UL grants, the UE drops the transmission to the source.
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