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1. Introduction
For DAPS HO, RAN2 has communicated with RAN1 and RAN4 over several LS exchanges to understand the scenarios where this is feasible. In particular, this concerned the frequency, band, and other physical layer configurations for which simultaneous reception and transmission were possible.

For DAPS HO, the RAN2 assumption has been that the UE should support simultaneous reception. In other words, it should be able to receive data from both source and target cells during the HO. For uplink, RAN2#107bis has agreed that TDM between source and target can be used when the UE can’t perform simultaneous transmission.

Based on RAN1 and RAN4 responses so far, there are cases for which there were no conclusion in these groups to enable the above transmission and reception options. Since the Rel-16 work is coming to finish, RAN2 as the lead group for Mobility Enhancements WI should make a decision whether or not to continue discussing those scenarios.
In this contribution, we propose that the scenarios where there were no agreements for DAPS HO in RAN1 and RAN4 should be excluded from further study.

2. Discussion
The following is a brief summary of deployment scenarios based on the feedback from RAN1 or RAN4 so far, focusing on simultaneous rx and tx:
Intra-frequency sync: 
· Rx feasible if source and target BW are same and under some conditions (e.g. rcvd power difference).  Single FFT possible if the time difference is within CP length; otherwise dual FFT needed
· Two cells should have same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 
· Tx feasible with single RF chain and source/target in the same PC group and under some conditions (e.g. MTTD) and FDM; single FFT possible if time difference is small and single RF possible if power difference is small. 
· If the target BW is larger, RF retuning will cause interruption
· RAN4: Different SCS configured for source and target cell is FFS
Intra-frequency async: 
· Rx feasible with single RF chain under some conditions (e.g. rcvd power difference) and same BW. Requires separate FFT/loops for source and target. Separate BW will require RF interruption.
· Common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 
· RAN1 has not concluded whether simultaneous Tx and/or Rx can be supported for this case.
· RAN4: Different SCS configured for source and target cell is FFS
Inter-freq intra-band sync:
· Rx feasible for at least for UEs supporting intra-band DL CA on such frequencies
· Tx feasible for at least UEs with single tx supporting intra-band UL CA on such frequencies under some conditions:  transmit timing of the two cells is within the MTTD requirement, configured with same subcarrier spacing (SCS) and with same uplink waveform, under some conditions (e.g. TAG of source/target CC, power control, contiguous/non-contiguous).
· For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingUL capability), simultaneous transmission may be possible even if the SCS of the two cells are different. 
· If the UEs performs transmission with dual Tx chains for this band combination, simultaneous transmission may be feasible.
· RAN1: Simultaneous reception from two cell may be feasible if the SCS is the same between the two cells. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingDL capability), simultaneous reception may be feasible even if the SCS of the two cells are different.
· RAN2: Different SCS configured for source and target cell is FFS

Inter-freq intra-band async:
· RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.
Inter-freq inter-band:
· Rx feasible for at least for UEs supporting intra-band DL CA on such frequencies
· For UEs with dual Tx/Rx chains, it may be feasible to support simultaneous transmission/reception for both synchronous and asynchronous scenarios. 
· Not all combinations of source/target bands may be supported. 
· For async, the time difference needs to be within a certain range.
RAN4 response in [4] also states that “ No further agreements were reached” for the case of “if different waveforms are configured for serving and target cells”.
From above, we can see that the cases which complicate DAPS HO for NR are:

· Different SCS

· Async operation

· Different waveforms

The configuration of different SCS between two neighbor cells within the same band is not a likely deployment scenario. This is also echoed in the latest RAN4 LS [4]:

Intra-band handover with simultaneous Rx/Tx with different SCS configured in target and source cells is feasible at least for some use cases. The feasibility depends on UE Rx/Tx architecture and requires specific UE capability or capabilities. RAN4 agreed not to define requirement for this scenario, considering high UE complexity is required and in RAN4’s view this is not a typical deployment.

Therefore, this can be dropped so that RAN4 can use its time more efficiently for the more realistic deployment scenarios.

Proposal 1: DAPS HO is not supported when the source and target cell have different SCS for intra-band case.

We note that it is important to allow different SCS for inter-band case for FR1 to FR2 handover. 

The async case is still an open issue in RAN1 and RAN4 at least for intra-freq and intra-band case even though they have been discussed in both groups from the beginning of the WI. For inter-band, RAN4 will need to study the timing requirements where this can be feasible. We can expect most NR deployments to support sync operation at least within the same band. Therefore, same conclusion for down-scoping can also be reached here:
Proposal 2: DAPS HO is not supported when the source and target cell are async at least for intra-freq and inter-freq intra-band case. The inter-band case is FFS.

Regarding different waveforms, RAN4 has not made any further progress on this. RAN1 has not so far given feedback related to issues with different waveforms even though the early LS response mentioned that single waveform is essential for simultaneous transmission with single UL TX. Given that RAN2 has agreed to allow TDM operation for single UL TX case, this does not seem as critical and thus RAN2 can assume that different waveforms are feasible with dual UL TX until further information is received from RAN1 and RAN4.

Another FFS scenario is for FR2. RAN1 has previously communicated in [2] that:

· Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.
RAN1#98bis has further discussed FR2-FR2 scenario and concluded on the following:
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.

Simultaneous reception and transmission for FR2-FR2 have additional challenges compared to intra-FR1 and FR1-FR2 due to the analog beamforming. Given that RAN1 has decided not to study this any further, RAN2 should make the decision to exclude it from the supported scenarios.
Proposal 3: DAPS HO for FR2 to FR2 case is not supported in Rel-16.
3. Conclusion

In this contribution, we discussed DAPS HO deployment scenarios for NR and propose the following:
Proposal 1: DAPS HO is not supported when the source and target cell have different SCS for intra-band case.

Proposal 2: DAPS HO is not supported when the source and target cell are async at least for intra-freq and inter-freq intra-band case. The inter-band case is FFS.

Proposal 3: DAPS HO for FR2 to FR2 case is not supported in Rel-16.
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Appendix (taken from R1-1905780)
	Source Cell Frequency Range
	Target Cell Frequency Range
	Frequency operation 
	Band operation 
	Deployment operation
	Feasibility Input from RAN1

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR with following additions.

Simultaneous Tx:

If the UEs performs transmission with single Tx chain for this band combination, simultaneous transmission may be only possible if the transmit timing of the two cells is within the MTTD requirement,  and configured with same subcarrier spacing (SCS) and with same uplink waveform. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingUL capability), simultaneous transmission may be possible even if the SCS of the two cells are different. 

If the UEs performs transmission with dual Tx chains for this band combination, simultaneous transmission may be feasible.

In both single Tx  and dual Tx cases, feasibility of simultaneous transmission will be further subject to power control constraints (e.g., maximum transmit power limits, PSD limits different between the cells, etc).

Simultaneous Rx:

Simultaneous reception from two cell may be feasible if the SCS is the same between the two cells. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingDL capability), simultaneous reception may be feasible even if the SCS of the two cells are different.

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception.

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Asynchronous
	RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR1
	Intra-Frequency
	Intra-band
	Synchronous or Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR when the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 

It should be noted that common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception. 

	FR2
	FR2
	Intra-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR2
	FR2
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR2
	Inter-Frequency
	Inter-band
	-
	Simultaneous transmission and reception may be feasible for UEs supporting CA/DC between FR1 and FR2.

	FR2
	FR1
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