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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 [1], a new WID on NR mobility enhancements was approved for Release 16.  In RAN1#98bis [2], RAN1 agreed that PDCCH monitoring is configured independently for source and target cells:
	Agreement:
PDCCH monitoring (including CORESETs, search spaces, DCI formats) is configured independently for each source and target cell.
Conclusion:
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.
Working assumption:
· During DAPS/RUDI HO, when UL channel/signals of source and target cells collide, the UE transmits the target cell UL channels/signals and drops the source cell UL channels/signals
· FFS whether this should apply to all combinations of UL channels/signals or not (e.g. PRACH)
· Collision (in above) means when physical time resources for UL channel/signal partially or fully overlap at least for the intra-frequency intra-band scenario.
FFS whether collision definition is applicable in the context of inter-frequency intra-band scenarios, and/or inter-frequency inter-band scenarios



[bookmark: _Ref129681832]In this contribution, we provide our views on the components needed to support DAPS-HO in NR and the possible RAN1 specification impacts of supporting DAPS-HO.
Discussion on DAPS-based HO
1.1 DAPS-HO operation in conjunction with collision handling
In RAN1#98bis, a working assumption was agreed that in the event that UL channels of source and target cells were to collide, the UE would drop the transmissions towards the source cell and instead focus on the transmissions towards the target cell. The premise of the discussion that led to this working assumption was that there were concerns about how to provide the UE with mechanisms to deal with erroneous situations. RAN1 must keep in mind that RAN2 is designing the DAPS-HO solution for UEs that assume simultaneous reception and transmission. Below are the agreements that were reached during RAN2#105bis:
Agreements
1	The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)
2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.
3	We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).

As can be seen above, agreement 1 states that the solutions to be introduced for HO interruption time reduction will only address cases where the UE is able to receive simultaneously from source and target cells. RAN1 and RAN4 followed up by sending LS replies to RAN2, indicating that simultaneous connectivity is feasible in FR1 (subject to certain conditions/capabilities). In their last LS reply, RAN2 has also made it clear that during DAPS-HO: a UE is required to support simultaneous transmission/reception of various UL and DL physical channels and signals to/from source and target cells [3]:
	RAN2 has agreed to introduce a solution for HO interruption time reduction based on dual active protocol stack (DAPS). During a DAPS HO the UE is required to support simultaneous transmission/reception of various UL & DL physical channels, signals to/from two cells (source, target).
Note: the details on the case if the UE cannot support simultaneous transmission has been described in LS R2-1913996.
RAN2 is discussing how to design the UE capability and how to coordinate UE capability between source gNB/eNB and target gNB/eNB for DAPS HO. RAN2 agreed that:
1 	If capability coordination is used, source and target cell configurations ensure UE capabilities are not exceeded (like now).
2 If UE capabilities are exceeded, UE behaviour is unspecified.
To complete the work, RAN2 need to identify which UE capabilities need to be shared between source gNB/eNB and target gNB/eNB and which UE capabilities are needed for DAPS HO.

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)



The above makes it very clear that RAN2 is designing DAPS-HO operation for UEs that support simultaneous reception of DL channels and signals, where “simultaneous” means within one OFDM symbol. Therefore RAN1 does not need to spend any time discussing simultaneous reception necessity as RAN2 has stated that UEs undergoing DAPS-HO are required to support simultaneous transmission/reception of UL/DL channels and signals to/from source and target cells.
Furthermore, RAN2 sent a LS reply to RAN1 [3], asking RAN1 whether it is sufficient for a UE to support simultaneous transmission for DAPS-HO. This demonstrates that RAN2 is designing DAPS-HO for UEs that support simultaneous reception and simultaneous transmission. Further proof of this is the fact that RAN2 sees UEs that cannot support simultaneous transmission as UEs needing UL TDM patterns [4] and the fact that RAN2 reached agreements in [5] which assume simultaneous transmission ability. Agreements 2 and 3 in section 2.1 above show that RAN2 assumes that simultaneous transmission will be supported by some UEs. In light of the above, we make the following observations:
Observation 1: RAN2 has agreed to design DAPS-HO solution for UEs that support simultaneous reception at the physical layer and is designing DAPS-HO solution for UEs that support simultaneous transmission at the physical layer.
Observation 2: Simultaneous reception of various DL channels/signals from source and target cells implies receiving different DL channels/signals within one OFDM symbol.

Agreement 3 clearly shows that RAN2 expects a UE to not drop UL HARQ retransmissions towards the source cell even after the RACH procedure towards the target cell has been completed successfully. This goes against the intention of the working assumption captured in RAN1#98bis. Given that RAN2 is designing DAPS-HO with simultaneous transmission capability as one of the underlying assumptions, RAN1 should revert the working assumption regarding the dropping of UL channel transmissions towards the source cell as it is not aligned with RAN2 agreements regarding UE behavior for DAPS-HO. In light of the above analysis, we make the following proposals:
Proposal 1: RAN1 should revert the working assumption about UL channel dropping under DAPS-HO operation.
· DAPS-HO capable UEs can receive DL channels and signals from source and target cells within the same OFDM symbol.
· DAPS-HO capable UEs can transmit UL channels and signals to source and target cells within the same OFDM symbol.

1.2 RAN1 specification impact from DAPS-HO
In the last RAN2 meeting, RAN2 discussed about the user plane and control plane aspects of NR mobility enhancements. The following agreements were reached:
	Agreements
1	RAN2 adopts DAPS HO as the feature name used in all running CRs and LSs.

Agreements for LTE and NR
1 	UE switches the UL PDCP data transmission upon successful RACH procedure (Msg2 for CFRA or Msg4 for CBRA).  
2	The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.
3	When an uplink grant indicating the HARQ new transmission is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly.
4	During Rel-16 RUDI handover, the UE only supports two links (i.e. the source MCG link and the target MCG link).



First of all, RAN2 has settled on the feature name of DAPS-HO for simultaneous connectivity based HO and decided to use that name in all running CRs and LSs. In order to be aligned across all working groups, it is highly preferable that we use the same acronyms in RAN1. Therefore, we recommend using DAPS-HO as the feature name in RAN1 from now on.
Proposal 2: In order to be aligned across RAN WGs, use DAPS-HO as the feature name in RAN1.

Secondly, RAN2 has agreed that the UE only supports two MCG links, where each MCG corresponds to the source and target cells respectively. In our analysis, the anticipated specification changes from the introduction of DAPS-HO in NR Rel. 16 are that of supporting more than one MCG link at a given time. It has already been agreed at the last meeting that PDCCH monitoring (including CORESETs, Search Space sets, DCI formats) for source and target cell is configured independently, which is consistent with RAN2’s agreement that the UE supports two MCG links. PDSCH reception procedures and PUCCH carrying HARQ-ACK feedback procedures will not be affected as RAN2’s agreement about supporting two MCG links means that the UE will be provided with two sets of parameters for source and target cells respectively. The current versions of RAN1 specifications 38.211, 38.212 and 38.214 are written in a way that simply invokes a certain higher-layer parameter that belongs to “a scheduled cell” or “a serving cell”. Therefore, as long as the higher-layer parameter is present as part of a serving cell configuration, the UE can apply the corresponding procedure captured in current RAN1 specifications without any additional changes. 
Observation 3: RAN1 procedures described in specifications 38.211, 38.212 and 38.214 do not need to be revised to accommodate for DAPS-HO.

The current RAN1 specification for physical layer procedures for control is also written in a generic way in terms of how serving cells are referenced. As an example, the clauses describing physical layer procedures for control [6] are for the most part written for “a serving cell c” where c designates the serving cell index of a given serving cell configuration. In our reading, we found that there are some clauses in [6] which specifically refer to the primary cell of the MCG, such as the ones describing PDCCH candidate monitoring behaviour:
	A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s), and
-     a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s).



As can be seen above, the UE needs to monitor PDCCH candidates in common search space sets carrying DCI formats with CRC scrambled with UE identifiers on “the primary cell of the MCG”. This may lead to interpretations where the UE can only be configured with one MCG at any given time. As seen in agreement 4 above, RAN2 has agreed that during Rel. 16 DAPS-HO the UE supports two MCG links. Therefore we know that for DAPS-HO a UE can be configured with more than one MCG and some areas of [3] need to be revisited such that they are compatible with DAPS-HO operation. It is important to note that RAN2 maintains the assumption that there is only one primary cell per cell group. One simple solution with low specification impact is to add a sentence at the beginning of [6] explaining that all clauses are performed for all configured MCGs. Additionally, any sections that specifically refer to the MCG should be removed so that there is no ambiguity about which link it corresponds to (either source MCG or target MCG). In light of the above, we make the following proposals:
Proposal 3: If the UE is configured with more than one MCG, the UE shall apply all the procedures in 38.213 for all MCGs.
Proposal 4: Revise sections in 38.213 mentioning “the primary cell of the MCG” to “the primary cell”.

1.3 DAPS-HO capability signaling and operation in conjunction with NR-DC/CA operation
In the last meeting, it was agreed that UEs would report separate capabilities for DAPS-HO and for NR-DC/CA. This was in recognition of the fact that DAPS-HO is a separate feature that does not have to rely on NR-DC/CA capability in order to be performed. In UE-NR-Capability, a UE reports a list of bands and band combinations that it supports as part of NR-DC/CA capability. For each band combination, the UE reports a set of features and parameters. Below is a simplified representation of UE-NR-Capability showing parameters that are relevant for DAPS-HO operation as defined in [7]:
	1> UE-NR-Capability
     2> mac-Parameters
     2> phy-Parameters
     2> rf-Parameters
          3> supportedBandListNR
               4> bandNR
          3> supportedBandCombinationList
               4> bandList
                    5> eutra
                    5> nr
               4> featureSetCombination
               4> ca-ParametersNR
                    5> parallelTxSRS-PUCCH-PUSCH
                    5> parallelTxPRACH-SRS-PUCCH-PUSCH
                    5> simultaneousRxTxInterBandCA
                    5> supportedNumberTAG
               4> mrdc-Parameters
                    5> singleUL-Transmission
                    5> dynamicPowerSharing
                    5> tdm-Pattern
                    5> ul-SharingEUTRA-NR
                    5> ul-SwitchingTimeEUTRA-NR
                    5> simultaneousRxTxInterBandENDC
                    5> asyncIntraBandENDC
               4> supportedBandwidthCombinationSet



In order to design DAPS-HO capability, a similar approach to how NR-DC/CA capability is signaled can be taken, such that the UE can indicate which band or band combinations it supports DAPS-HO on. For each band or band combination that the UE reports DAPS-HO support on, the UE can further indicate which features it supports for DAPS-HO, features such as simultaneous reception, simultaneous transmission, and so on. In light of the above, we make the following proposal:
Proposal 5: DAPS-HO capability is reported per band and/or per band combination
· For each supported band or band combination, the UE reports a set of supported features, e.g. simultaneous PDCCH reception, PDSCH with full/partial/no overlap, simultaneous PUCCH transmission, multiple Timing Advance, dynamic or semi-static UL power control, etc.

In NR Rel. 15, a UE may be configured in EN-DC, NE-DC or NR-DC operation. In EN-DC, the MCG is configured using EUTRA. In NE-DC and NR-DC operation, the MCG is configured using NR. We already RAN2 defines DAPS-HO operation as the UE using MCG links only and since RAN2 agreed to support DAPS-HO for both LTE and NR. Therefore, for UEs configured in DC operation (where DC operation covers any one of EN-DC, NE-DC and NR-DC), the NW can instruct the UE to perform a DAPS-HO on the MCG.
[bookmark: _GoBack]However the question of whether DAPS-HO operation should be allowed in conjunction with Dual Connectivity is also tied to UE capability. Let us assume that a UE reports the capability to perform both DC and DAPS-HO and that the UE’s hardware supports dual Rx chains: this does not imply that the UE is capable of doing DAPS-HO operation and DC operation concurrently. This is simply due to the limitation of hardware resources at the UE. If the UE is first configured in DC operation and uses one Rx chain for downlink physical channels relating to the MCG and uses the other Rx chain for downlink physical channels relating to the SCG. Upon reception of a DAPS-HO command, the UE would have to stop receiving the downlink physical channels relating to the SCG in order to receive the downlink physical channels relating to the target MCG. Only after the UE releases its source MCG link would it be able to start DC operation again. It is up to NW implementation to configure DC and DAPS-HO in a manner that is consistent with the reported UE capability. RAN2 is currently discussing on the topic of concurrent DAPS-HO and NR-DC/CA operation, and RAN1 should leave the discussions about such co-existence of UE features up to RAN2 to decide. Similarly, discussion of co-existence of DAPS-HO with SUL or DRX operation can be left for RAN2. In light of the above, we make the following proposal:
Proposal 6: Co-existence of DAPS-HO and NR-DC/CA/SUL/DRX operation is left for RAN2 to decide.

1.4 Multi-TRP and DAPS-HO leveraging
In RAN1#98 meeting, it was concluded that for Mobility Enhancements we would leverage the progress made in the multi-TRP topic. Indeed we can leverage the multi-TRP framework in the case of intra-frequency DAPS-HO because one of the key assumptions made in that framework is that the UE receives PDCCH messages from different cells in the same slot. In the case of mobility enhancements, one of the cells can be the source cell and the other cell can be the target cell. UE capability regarding simultaneous connectivity was discussed during RAN1#96bis meeting and the response (R1-1905780) for intra-band intra-frequency operation therein was as follows:
	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. 



RAN4 provides a definition for intra-frequency measurements and intra-frequency cells in [8] as follows for SSB-based measurement:
	A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSB are also the same.
The UE shall be able to identify new intra-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided.



However, there is currently no such equivalent definition of intra-frequency measurements based on CSI-RS in [8] and the related discussion is happening in RAN4. In any case, if the source and target cell are using exactly the same BWP bandwidth, which will be compatible with the assumptions used in multi-TRP where the TRPs are using the same DL BWP (i.e. the same DL BWP bandwidth). The features supported in multi-TRP WI in general can be applied to intra-frequency DAPS-based HO. 
Observation 4: The features supported in the multi-TRP framework are applicable to the intra-frequency DAPS-HO case in general. 

In the feature lead summary of Mobility Enhancements in RAN1#98bis, we provided the list of agreements from the M-TRP agenda item that can be used directly towards intra-frequency DAPS-HO. Those agreements are listed below:
	Agreement (A1)
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 (A2)
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

Agreement (A3)
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 

Agreement (A4)
· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

Agreement (A5)
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· 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
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP



As we stated during the feature lead offline discussion, agreements (A1) and (A2) can be applied for the downlink operation of intra-frequency DAPS-HO where each PDCCH scheduling a PDSCH comes from the source and target cell respectively, while agreements (A3) to (A5) can be applied for the uplink operation of intra-frequency DAPS-HO where each PUCCH carries HARQ-ACK feedback to either the source or target cell.
Observation 5: Agreements (A1) and (A2) can be applied to intra-frequency DAPS-HO where each PDCCH scheduling a PDSCH comes from the source and target cell respectively.
Observation 6: Agreements (A3) to (A5) can be applied to intra-frequency DAPS-HO where each PUCCH carries HARQ-ACK feedback to either the source or target cell.

It should be noted that the M-DCI agreements above also include additional restrictions which are not useful for the operation of intra-frequency DAPS-HO. For instance, agreement (A2) places additional restrictions such as the assumption of having the same DMRS configuration between 2 TRPs in terms of the number of front-loaded DMRS symbols, the number of additional DMRS, the actual DMRS symbol location and the DMRS configuration type. Agreement (A2) also places additional restrictions such as using the same active BWP bandwidth if the UE is expected to receive multiple PDSCHs simultaneously at given symbols. This is due to the assumption in the M-TRP WI that TRPs operate under the same BWP. Therefore, TRPs are bound by the configurations defined within a BWP IE in order to stay consistent with the NR Control Plane. As shown in Section 2.1, RAN2 agreed that the UE supports 2 MCG links for DAPS-HO which allows the source and target cells to use any BWP configuration that is deemed appropriate by NW implementation. Any coordination to ensure resource and DMRS orthogonality for channel estimation purposes between source and target cells can be left to NW implementation. A simple way to ensure for such resource and DMRS orthogonality is for a NW implementation to configure source and target cells to operate in an FDM manner. In light of this, we make the following proposals:
Proposal 7-a: Intra-frequency DAPS-HO at least supports reception of PDCCH/PDSCH overlapping in time in non-overlapping PRBs.
Proposal 7-b: PDSCH DMRS configuration for intra-frequency DAPS-HO is left to NW implementation.

1.5 Simultaneous NR-PDCCH reception 
Regarding PDCCH candidates that a UE can monitor for source and target cells respectively for DAPS-HO, we can first look at the discussed in multi-TRP WI. Following the last email discussion about BD/CCE restriction for multi-DCI based multi-TRP discussion [98-NR-19], the following was agreed in [2]:
	Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.



In the current specification, the UE determines a capability to monitor a maximum number of PDCCH candidates per slot whether the UE is configured in NR-DC operation or NR-CA operation. Depending on the capability reported by the UE and the operation mode configured by the NW (i.e. NR-DC/CA), the UE determines a capability to monitor a maximum number of PDCCH candidates per slot.
As per the above agreement for multi-TRP, there is another parameter r being introduced to account for the number of cells supporting multi-TRP, such that the UE derives its bounds for monitoring PDCCH candidates based on numbers that are calculated using r. To leverage the features supported in the multi-TRP WI, the above agreement can be used directly towards the cases of DAPS-HO where the source and target cells are using the same DL BWP.
In addition, as for the cases of DAPS-HO where the source and target cells are using different DL BWPs (either in the same carrier or different carriers), the UE can report capabilities for the maximum number of PDCCH candidates it can monitor per slot per serving cell in a similar manner to NR-DC operation. Similarly to how NR-DC capable UEs signal pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-UE to the NW, DAPS-HO capable UEs can signal the maximum number of PDCCH candidates that they can monitor per slot and per serving cell to the NW as part of UE-NR-Capability.
Proposal 8: For DAPS-HO, the maximum number of BD/CCE is subject to UE capability and could use Rel-15 capability as the baseline and may consider other relevant features in Rel-16 if necessary.

1.6 HARQ-ACK feedback
In the last meeting, we agreed to look into aspects of DL/UL procedures for DAPS-HO, such as HARQ-ACK, CSI and SR feedback. In RAN1#96bis, NR eMIMO made some agreements on aspects of HARQ-ACK feedback for multi-TRP transmission, in particular agreeing to support separate HARQ-ACK feedback across the same or different slots. Joint HARQ-ACK feedback is also being discussed actively as part of multi-TRP. In RAN1#98, the following agreements relating to HARQ-ACK feedback were made:
	Agreement
In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 
· HARQ-ACK information bits are concatenated by the increasing order of
· PDSCH reception occasion index at first
· and then serving cell index
· and TRP (i.e. higher layer index configured per CORESET (if configured))
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.



	Agreement
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
Agreement
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 
Agreement
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.




In early stage of NR deployments, it is possible that UEs may have simultaneous reception capability without simultaneous transmission capability. Another aspect to keep in mind is that RAN4 informed RAN1 simultaneous connectivity is infeasible in FR2 and it is widely expected that there will be numerous technical challenges to overcome with regards to beamforming. In light of the above, one way to ensure proper HARQ-ACK feedback is to rely on TDM-based solutions. 
Rel-15 NR already has mechanisms such as HARQ-ACK codebook type 2 (also known as dynamic codebook) that allow the UE to combine HARQ-ACK bits together based on the DAI index in DCI format 1_0 or DCI format 1_1. In RAN1#97, the multi-TRP AI discussed how to generate HARQ-ACK codebook and determine PUCCH resources for transmitting HARQ-ACK bits. The main point of concern in those discussions was that in the case of intra-slot HARQ-ACK codebook generation, the UE behavior is ambiguous and requires the introduction of an index to generate separate HARQ-ACK codebook as the agreement above shows. For the case of inter-slot HARQ-ACK codebook generation, the UE behavior becomes that of a TDM-based solution where there is no ambiguity in HARQ-ACK codebook generation.
For the case of intra-frequency DAPS-HO, it is sufficient to re-use the agreements relating to HARQ-ACK feedback in the multi-TRP framework. HARQ-ACK codebook generation can simply be performed on a per-slot basis in a TDM manner and there is no ambiguity at the UE in terms of HARQ-ACK codebook generation. For the case of DAPS-HO, it is already known that the UE will have a source PCell and target PCell, therefore there is no ambiguity in HARQ-ACK codebook generation as source and target cells will be configured in different RRC objects to begin with, i.e. different CORESETs, different QCL indications, etc. This allows us to extend this solution towards DAPS-HO and have the UE track NR-PDCCH messages based on different properties such as CORESET identities and transmit NR-PUCCH carrying HARQ-ACK to source and target cells during DAPS-HO with minimal to no specification impact.
Proposal 9: PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot.

1.7 Uplink Power Control
UL Power Control for PUCCH/PUSCH/SRS is another one of the aspects of DL/UL procedures for DAPS-HO that was agreed to discuss in the last meeting. While RAN2 ruled out simultaneous UL PUSCH transmission, no such restriction was made for UL PUCCH transmission. When UE maintains simultaneous PUCCH transmission to source and target gNBs during DC-based handover procedure, how to perform uplink power control needs to be identified/specified. 
As of Rel-15 there is no mechanism specified in RAN1 for how the UE performs power control across cell groups for channels such as PUCCH, PUSCH and PRACH in NR-NR DC as Rel-15 only supports NR-NR DC with two cells being deployed in FR1 and in FR2, respectively. Taking the PUCCH transmit power as an example:
[image: ]
PLb,f,c(qd) is the downlink path loss estimate based on a DL reference signal that the UE measures on the active DL BWP. Rel-15 does not support NR-NR DC in a single frequency range, so it is unclear yet how to perform UL power control when both are intra-frequency, e.g., how to pick DL reference signals to determine PLb,f,c(qd) for NR-NR DC when both the PCell and PSCell are in FR1 or FR2. As an example: the target PCell configuration can include all of the relevant CSI-RS configurations so that the UE can perform DL path loss estimation for PUCCH transmission towards the target PCell. 
How to perform UL power control during DAPS-HO can be designed in a similar fashion to how NR-NR DC UL power control is being designed in the multi-RAT DC/CA WI.  RAN1 is currently discussing the options of supporting UL power control for NR-NR DC, with proposals for supporting dynamic and semi-static power sharing operations in FR1-FR1 band combinations. In RAN1#98, RAN1 converged on two alternatives for supporting semi-static UL power control [9]. If the source and target cells are both in the same frequency range and are using the same DL and UL BWPs, the UE can determine downlink pathloss estimates separately for each cell based on RSs by those cells but UL Power Control would eventually be performed in a joint manner using semi-static power sharing. 
Proposal 10: For DAPS-HO, power sharing is assumed for Uplink Power Control for PUCCH for UEs indicating DAPS-HO with simultaneous transmission capability.	
Proposal 11: Power sharing mechanism supported in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DAPS-HO. 

Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: RAN2 has agreed to design DAPS-HO solution for UEs that support simultaneous reception at the physical layer and is designing DAPS-HO solution for UEs that support simultaneous transmission at the physical layer.
Observation 2: Simultaneous reception of various DL channels/signals from source and target cells implies receiving different DL channels/signals within one OFDM symbol.
Observation 3: RAN1 procedures described in specifications 38.211, 38.212 and 38.214 do not need to be revised to accommodate for DAPS-HO.
Observation 4: The features supported in the multi-TRP framework are applicable to the intra-frequency DAPS-HO case in general. 
Observation 5: Agreements (A1) and (A2) can be applied to intra-frequency DAPS-HO where each PDCCH scheduling a PDSCH comes from the source and target cell respectively.
Observation 6: Agreements (A3) to (A5) can be applied to intra-frequency DAPS-HO where each PUCCH carries HARQ-ACK feedback to either the source or target cell.

Proposal 1: RAN1 should revert the working assumption about UL channel dropping under DAPS-HO operation.
· DAPS-HO capable UEs can receive DL channels and signals from source and target cells within the same OFDM symbol.
· DAPS-HO capable UEs can transmit UL channels and signals to source and target cells within the same OFDM symbol.
Proposal 2: In order to be aligned across RAN WGs, use DAPS-HO as the feature name in RAN1.
Proposal 3: If the UE is configured with more than one MCG, the UE shall apply all the procedures in 38.213 for all MCGs.
Proposal 4: Revise sections in 38.213 mentioning “the primary cell of the MCG” to “the primary cell”.
Proposal 5: DAPS-HO capability is reported per band and/or per band combination
· For each supported band or band combination, the UE reports a set of supported features, e.g. simultaneous PDCCH reception, PDSCH with full/partial/no overlap, simultaneous PUCCH transmission, multiple Timing Advance, dynamic or semi-static UL power control, etc.
Proposal 6: Co-existence of DAPS-HO and NR-DC/CA/SUL/DRX operation is left for RAN2 to decide.
Proposal 7-a: Intra-frequency DAPS-HO at least supports reception of PDCCH/PDSCH overlapping in time in non-overlapping PRBs.
Proposal 7-b: PDSCH DMRS configuration for intra-frequency DAPS-HO is left to NW implementation.
Proposal 8: For DAPS-HO, the maximum number of BD/CCE is subject to UE capability and could use Rel-15 capability as the baseline and may consider other relevant features in Rel-16 if necessary.
Proposal 9: PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot.
Proposal 10: For DAPS-HO, power sharing is assumed for Uplink Power Control for PUCCH for UEs indicating DAPS-HO with simultaneous transmission capability.	
Proposal 11: Power sharing mechanism supported in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DAPS-HO. 
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