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Introduction
RAN4 received an LS from RAN2 [1] on considerations for UE capabilities to support DAPS handover. Specifically, RAN2 asked:
Assumption 1: RAN2 has not yet made agreements on the signalling structure but assumes that the UE capabilities for DAPS can be indicated e.g. similar as the band combination for CA/DC. In addition to supporting DAPS HO for a particular serving cell configuration, the UE also needs to indicate whether it supports the following for DAPS HO:
- sync/async DAPS HO ;
- support for multiple TAG (i.e. different TAG in source and target cells)
- ability to simultaneously transmit with both source and target PCells based on RF chain capability (i.e. whether dual UL is supported during the DAPS HO or not);
- Handover involving different SCS (as agreed in RAN4)
Note: RAN2 has not concluded on whether to limit DAPS HO to PCell only or whether any configured SCells can be used during DAPS HO and whether configured SCells are in deactivated state during HO for both source and target cells.
[bookmark: _Hlk22834419]Q1: Are the above DAPS capabilities sufficient from RAN1, and RAN4 perspective? If not, which other capabilities would be needed in addition, e.g. any baseband/RF restriction for intra-freq case? 

For NR, subset of features listed in 4.2.7.6 and 4.2.7.8 in TS38.306 may be shared between source and target node, e.g. MIMO layer, bandwidth class, modulation, SRS resources set, SCS. 
For LTE, refer to 4.3.5 in TS36.306, e.g. MIMO layer, bandwidth class, modulation may be shared. 
In addition, for both NR and LTE, the UL power, CSI processes, number of CCs may also be shared. 
Q2: What are the physical layer capabilities and RF capabilities relevant to DAPS HO that need to be shared between source gNB/eNB part and target gNB/eNB part of the UE?


In this paper, we discuss the relevant aspects of RF and baseband UE capabilities in DAPS handover. An accompanying draft LS reply can be found in [2].
Discussion
On the top level, UE should be able to signal its capability for DAPS HO support per band combination. Rest of the detailed capability signaling is conditioned on the support at the top level.
Proposal 1. Signaling of DAPS HO support per band combination is needed as baseline.
In our view, all the capabilities that are either defined per CC, per band, per band combination, or per band of band combination may have to change depending on whether the bands in use are for DAPS or carrier aggregation. In general, during DAPS HO, the UE capabilities may need to be reduced due to several reasons (e.g., different timing between source and target cells, UE Rx/Tx architecture in the source and target bands,…). The downgrading of baseband capabilities during HO is also achieved through this.
Signalling of separate capabilities for CA/DC vs. DAPS can be similar to BandCombinationParameters-xx in TS 36.331 and all the parameters within it. Note that this approach is the same as followed for DC vs CA, where the UE can repeat the same band combination twice, and report support of DC in only of them, to explicitly indicate the capabilities for both cases.
Some examples of these parameters are:
- Number of MIMO layers (per BoBC) - MIMO-CapabilityDL
- Supported number of CSI processes (per BoBC/per CC) - supportedCSI-Proc
- Support of multiple TAG (per band combination) – multipleTimingAdvance
- Support of SRS 1T4R antenna switching (per BoBC) - ue-TxAntennaSelection-SRS-1T4R
Hence, it is beneficial to have different band combination entries for DAPS and CA even if band numbers, bandwidth classes, … are the same. As such, UE will signal these parameters separately.  
Proposal 2. Any baseband and RF capability that is per CC, per band, per band combination, or per band of band combination need to be signaled separately for DAPS HO.
In our understanding, if DAPS handover is intended to be used between gNBs that are not co-located, the UE has to support different uplink timing for both source and target eNB. Same TAG means uplink timing is perfectly aligned. 
Observation 1. If DAPS is intended to be used between non co-located gNBs, the UE has to support different uplink timing for source and target gNB.
In DC, support of multi-TAG is mandatory whereas in CA, it is optional. In our view, multi-TAG support signalling is required for intra-frequency, inter-frequency intra-band and interband DAPS HO. 
Proposal 3. For DAPS HO, support of multi-TAG capability indication for intra-frequency, inter-frequency intra-band and interband is needed. 
As discussed in depth in several RAN4 meetings and in reply to LS [3] on feasibility of simultaneous Rx/Tx, asynchronous vs synchronous operation between source and target cells have different ramification on UE capability of DAPS HO. In particular, some scenarios are not currently identified as feasible in asynchronous mode for simultaneous transmission (e.g., intra-frequency or intra-band inter-frequency), which require some form of TDM to support. Moreover, the requirements such as interruption time are different in sync vs async and may also depend on UE architecture (number of Rx and Tx chains). Hence, UE signaling should also include support of DAPS HO for sync vs. async mode. 
Proposal 4. UE signaling shall also include support of DAPS HO for sync vs. async mode. 
DAPS HO can be supported in different UE architectures with 2Rx/2Tx, 2Rx/1Tx, and 1Rx/1Tx. For architectures with single Rx and/or Tx chains, UE will need a TDM pattern in DL and/or UL to sustain simultaneous connectivity with both source and target cells. Hence, UE should be capable of the need for TDM pattern.
Proposal 5. To support DAPS HO in different UE architectures, TDM capability signaling in DL and/or UL is needed.
Moreover, the power control mechanism for DC can be reused for DAPS where MCG would be target gNB and SCG would be the source gNB. 
Proposal 6. Similar parameters for power control as DC power control (PowerCoordinationInfo) have to be provided to the UE in DAPS configuration.
Furthermore, in CA operation, UE may have to reduce its RF and baseband capability to perform DAPS HO. If DAPS HO with CA is to be supported during Release 16 WI, further signaling of RF and baseband capability sharing of CCs between source and target cells is required if there are SCells configured (whether activated or deactivated) in source cell. Alternatively, to simplify Release 16 work, DAPS HO can only be specified for PCell in source and PCell in target cell.
Observation 2. To support simultaneous UE connectivity with both source and target eNBs, UE baseband and RF resources have to be shared between both nodes.
Proposal 7. Further signaling of RF and baseband capability sharing of CCs between source and target cells is required if there are SCells configured (whether activated or deactivated) in source and target cells. Alternatively, to simplify Release 16 work, DAPS HO can only be specified for PCell in source and PCell in target cell.
Indication of the number of CCs supported during DAPS HO will require extension and/or modification of CA bandwidth class definition. In CA, bandwidth class defines 1) maximum number of CCs supported, 2) maximum bandwidth supported. UE indicates supported bandwidth class separately for DLCA and ULCA. For DAPS HO scenario, UE capability signaling to support DL and UL intra-frequency and inter-frequency CCs is required. 
For example, in LTE bandwidth class C, 2CC and less than 40 MHz RF bandwidth is supported. In case of DAPS HO, the CCs can be overlapped or non-overlapped. In Figure 1, two possible examples of bandwidth class C in HO scenario is shown:


Figure 1 bandwidth class C during HO scenario
Proposal 8. Total number of CC for intra-band (intra-freq and inter-freq) is given by bandwidth class separately for DL and UL. Total number of CC includes overlapped CC for intra-frequency.
Finally, two aspects specific to NR are simultaneous connectivity to source and target cells with different SCS. As discussed in previous RAN4 meetings, these require separate UE capabilities per intra-frequency, inter-frequency intra-band, and inter-band scenarios. 
Proposal 9. Signalling support for DAPS HO between source and target cells with different SCS per intra-frequency, inter-frequency intra-band, and inter-band scenarios is needed.
Conclusions
Proposal 1. Signaling of DAPS HO support per band combination is needed as baseline.
Proposal 2. Any baseband and RF capability that is per CC, per band, per band combination, or per band of band combination need to be signaled separately for DAPS HO.
Observation 1. If DAPS is intended to be used between non co-located gNBs, the UE has to support different uplink timing for source and target eNB.
Proposal 3. For DAPS HO, support of multi-TAG capability indication for intra-frequency, inter-frequency intra-band and interband is needed. 
Proposal 4. UE signaling shall also include support of DAPS HO for sync vs. async mode. 
Proposal 5. To support DAPS HO in different UE architectures, TDM capability signaling in DL and/or UL is needed.
Proposal 6. Similar parameters for power control as DC power control (PowerCoordinationInfo) have to be provided to the UE in DAPS configuration.
Observation 2. To support simultaneous UE connectivity with both source and target gNBs, UE baseband and RF resources have to be shared between both nodes.
Proposal 7. Further signaling of RF and baseband capability sharing of CCs between source and target cells is required if there are SCells configured (whether activated or deactivated) in source and target cells. Alternatively, to simplify Release 16 work, DAPS HO can only be specified for PCell in source and PCell in target cell.
Proposal 8. Total number of CC for intra-band (intra-freq and inter-freq) is given by bandwidth class separately for DL and UL. Total number of CC includes overlapped CC for intra-frequency.
[bookmark: _GoBack]Proposal 9. Signalling support for DAPS HO between source and target cells with different SCS per intra-frequency, inter-frequency intra-band, and inter-band scenarios is needed.
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