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In TSG-RAN#80 plenary meeting [1], a new WID on NR mobility enhancements was approved for Release 16. In RAN1#96bis [2], RAN1 discussed about feasibility of simultaneous connectivity in scenarios such as inter-band inter-frequency, inter-band intra-frequency, intra-band inter-frequency and intra-band intra-frequency in different frequency ranges. RAN1’s LS reply was captured in [3]. In RAN1#97 [4], the following conclusions were reached for NR mobility enhancements:

Conclusion:
· RACH-less HO in NR can at least support TA scenarios where target cell TA is zero or same as one of serving cell TAs in FR1
· FFS: RACH-less HO in FR2 including feasibility
· FFS: whether to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource
· For FR1 intra-frequency HO, further study whether any enhancement on determining TA compared to LTE RACH-less HO is needed and feasible. The following options can be used as a starting point:
· Option 1: Network indicates a timing refinement factor to UE so that UE can use at least the indicated timing refinement factor to adjust the target cell TA from the source cell TA.
· Option 2: UE performs an autonomous TA adjustment
· Option 3: Network indicates the target cell TA that is estimated by the target cell based on SRS transmission to the source cell
· FFS the case of FR1 inter-frequency HO & FR2
· Note: RACH-less alone is not able to achieve 0ms handover interruption time. RAN2 is expected to make the decision whether RACH-less HO is supported in NR.

Conclusion:
· On UL grant for PUSCH transmission in RACH-less HO, further study whether any enhancement for UL grant indication compared to LTE RACH-less HO is needed. 

Conclusion:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 
· For both DC-based and MBB based HO that is feasible in scenarios identified in R1-1905780, 
· it is expected that UE can receive: 
· PDCCH from both source and target cells. 
· PDSCH from both source and target cells. 
· FFS: BWP and CORESET configurations, semi-static PDCCH configuration for source and target cells, PDCCH blind decoding budgets, etc. 
· it is expected that UE can transmit: 
· Multiple PUCCH for HARQ-ACK to both source and target cells. 
· FFS: whether the transmission is TDM or other manners. 
· FFS: multiple PUSCH to both source and target cells.
· FFS: Power Control related aspects.
· Further study dependence of simultaneous transmission and/or reception on UE capability, if any.
· Continue to discuss the feasibility of DC/MBB-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 

[bookmark: _Ref129681832]In this contribution, we provide our views on the components needed to support DC-based HO in NR and the possible RAN1 specification impacts on the identified solutions.
Overview on NR mobility enhancement from RAN1 perspective
1.1 The need for simultaneous NR-PDCCH reception
	In RAN1#97, RAN1 concluded that for DC-based HO and MBB-based HO, the UE is expected to receive PDCCH/PDSCH simultaneously from the source and target cells. Such simultaneous reception of PDCCH/PDSCH has already been agreed in the multi-TRP work, with further details regarding PUCCH transmission being discussed. In RAN1#97, RAN1 sent an LS reply to RAN2 summarizing the progress made on MIMO enhancements for NR, including the following agreements relating to multi-TRP operation:
Agreement:
On multiple PDCCH based multi-TRP/panel transmission, 
· For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability.  



As explained in [5], the main motivation behind the mobility enhancements is to meet the 0ms mobility interruption time requirement. DC-based HO and multi-TRP transmission schemes are both solutions that are based on simultaneous connectivity. First: it is important to understand how HOs work in NR Release 15 before we delve into further details. In the baseline HO mechanism, a UE is first configured with a PCell. Upon receiving a RRC Reconfiguration message with reconfigurationWithSync, the UE flushes its current PCell configuration and replaces it with the servingCellConfig supplied in spCellConfigDedicated provided in the RRC Reconfiguration message. PCells are serving cell configurations that belong to the MCG, whose cellGroupId is 0, and whose servCellIndex is 0. Therefore: in the traditional HO a UE always sees only one PCell, it deletes one PCell configuration to store another one afterwards. Simultaneous connectivity based solutions operate differently in that the UE sees two active serving cell configurations; it stores the target cell configuration before deleting the source cell configuration.
Observation 1: Simultaneous connectivity based solutions require two simultaneously active serving cell configurations to be configured at the UE side.

In [5], we explained that in the context of DC-based operation, a UE is configured with a MCG and a SCG. Each cell group configures a special cell, i.e. that the UE is configured with two servingCellConfig IEs (one for each cell group). For inter-cell multi-TRP operation (required by simultaneous connectivity based HO): as long as the UE can be configured two servingCellConfig IEs, agreements that are specifically targeted for intra-cell multi-TRP do not need to be extended to inter-cell multi-TRP operation.
Let us consider the above agreement from RAN1#97, stating that the maximum number of CORESETs per PDCCH-Config IE will be increased to 5 for multi-TRP operation. This agreement is only applicable to intra-cell multi-TRP operation because CORESETs are configured per PDCCH-Config, which are configured per DL BWP and per serving cell. How inter-cell multi-TRP transmission would be carried out has not yet been discussed in the NR multi-TRP AI. If a UE were to be configured with two servingCellConfig IEs, those serving cell configurations will define 1 DL BWP with up to 3 CORESETs each, i.e. the UE could be configured to monitor up to 6 CORESETs. In other words, although multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages from both source/target cells, there is no urgent need to increase the maximum number of CORESETs per PDCCH-Config to 5 for inter-cell multi-TRP operation. 
Observation 2: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages from both source/target cells.

1.2 Details for simultaneous NR-PDCCH reception from source and target cells
Regarding DC-based HO and MBB-based HO, it was agreed in the last meeting that a UE is expected to receive PDCCHs and PDSCHs simultaneously from the source and target cells. However the agreement did not go in the details of what types of PDCCH messages the UE is expected to monitor while a DC-based HO or MBB-based HO is taking place. As per [6], UEs monitor PDCCH candidates that belong to either common search space sets or UE-specific search space sets. As an example: PDCCH messages scheduling PDSCH carrying SI information are carried in DCI formats with CRCs scrambled using a SI-RNTI. As per [6]: that SI-RNTI corresponds to the PCell (i.e. primary cell of the MCG). Similarly, PDCCH messages scheduling PDSCH carrying Paging information are carried in DCI formats with CRCs scrambled using a P-RNTI, with the P-RNTI corresponding to the PCell. For a UE that is undergoing DC/MBB-based HO, it is beneficial to let the UE receive critical system information or paging information from either the source/target cell so that the NW always has a way to reach that UE quickly and reliably.
Proposal 1: For DC/MBB-based HO, the UE monitors PDCCH candidates for search space sets belonging to the source and target cells in the same slot
· Search space sets are configured for DCI formats with CRC scrambled with identifiers such as SI-RNTI, RA-RNTI, TC-RNTI, P-RNTI, INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, C-RNTI, MCS-C-RNTI, SP-CSI-RNTI and CS-RNTI on the primary cell of the MCG or SCG.

Another development in RAN1#97 was that it was agreed to introduce parameters to control the number of PDCCH blind detections that a UE has to spend for NR-DC operation: pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG. As per [7], pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG are configured per PhysicalCellGroupConfig IE and indicate the reference number of cells for PDCCH blind detection for the corresponding cell group. The UE determines a maximum number of PDCCH candidates per slot based on the number of downlink cells in the corresponding cell group, this behavior is captured in [6]. 
As we explained in [5]: in NR-DC operation a UE is configured with a PCell and a PSCell, respectively belonging to a MCG and SCG. The PCell and the PSCell are configured using servingCellConfig IEs which provide the configuration for the corresponding CORESETs that the UE is supposed to monitor NR-PDCCH messages on. One possibility for supporting DC/MBB-based HO operation is to borrow the DC-based configuration framework and configure the target cell as a PSCell as the source cell is always configured as a PCell by default. There are a number of advantages in using such a framework to enable simultaneous connectivity:
1) RRC configuration is structured such that physical channels such as PDCCH, PDSCH, PUCCH and PUSCH are configured using higher-layer parameters defined within servingCellConfig IEs [7]. Each link can be configured and maintained in independent configuration objects.
2) Each special cell can have its own configurations for CORESETs and PDCCH blind detection assumptions, using the newly agreed pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG parameters to control the UE behavior with regards to PDCCH monitoring for the source and target cells.
3) Unlike SCells which are defined for Carrier Aggregation as part of the same cell group, PSCell is defined in its own cell group, is allowed to respond to RACH transmissions from UEs and have its own Timing Advance group as well. This allows the UE to maintain different TAs and not be restricted to using the same TA value for every cell it is attached to.
Proposal 2: Support of NR-DC and DC/MBB-based HO are reported by separate UE capabilities.
Proposal 3: For DC/MBB-based HO, the UE calculates the BD/CCE limit for the source and target cells separately.

1.3 Uplink-related aspects and the challenges in FR2
Simultaneous transmission towards multiple cells comes with a set of challenges that need to be overcome. For UEs receiving multiple NR-PDSCH transmissions, adequate HARQ-ACK feedback mechanisms need to be defined. 
HARQ-ACK 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 ACK/NAK feedback across the same or different slots. In RAN1#97, the following agreements relating to separate ACK/NAK feedback was made:
	Agreement
· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  
· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1
· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used
· 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.
· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16



	Agreement
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET
· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP
· This does not preclude configuring the index for other purposes
· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 
· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index
· Email discussion on generation of separated ACK/NACK codebook and joint ACK/NACK codebook  - by 31st of May (Min, Huawei)



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 inter-cell multi-TRP transmission, 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 as source and target cells would 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 DC/MBB-based 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 DC/MBB-based HO with minimal to no specification impact.

Proposal 4: For DC/MBB-based HO, support at least PUCCH transmissions to source and target cells carrying HARQ-ACK based on TDM patterns.
· For UEs capable of simultaneous transmission, PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.

Uplink Power Control
When UE maintains simultaneous PUCCH/PUSCH 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 PUSCH 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 the 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. 
How to perform uplink power control during DC-based handover is the same case as NR-NR DC as part of the multi-RAT DC/CA WI [8] for uplink power control issue. 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. If the source and target cells are both in the same frequency range and are using the same DL and UL BWPs, the UE could 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 either dynamic or semi-static power sharing. 
Proposal 5: For uplink power control for DC/MBB-based handover, power sharing is assumed.	
Proposal 6: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC/MBB-based handover. 

Simultaneous PUSCH transmission
For UEs capable of simultaneous transmission to source/target cells (as summarized in [3]), meeting strict 0ms interruption time would require features such as packet duplication and simultaneous PUSCH transmission, which is discussed in our companion contribution [9]. As discussed therein, without packet duplication or simultaneous PUSCH transmission, it would be impossible to achieve strict 0ms interruption time for DC/MBB-based HO and packet loss may happen. 
Observation 3: Without packet duplication or simultaneous UL PUSCH transmission, strict 0ms interruption time for UL cannot be achieved by DC/MBB-based HO.

Challenges in FR2
In FR1, omni-directional reception is sufficient due to friendly propagation conditions, but this will not be true in FR2. In higher frequency ranges, it is widely expected that the UE will have to rely on beamforming in order to receive from and transmit to a base station. Therefore beam management will play a key role in making simultaneous connectivity feasible in FR2. UE architecture will also have to allow for simultaneous beam management to both source/target cells, which is very challenging in FR2. Considering the fact that beam management in NR is a technology that is not fully mature yet and the practical challenges UEs face to accommodate simultaneous connectivity in FR2, it would be better to use TDM patterns for DC/MBB-based HO in FR2.  The work being done in NR eMIMO defines multiple PDCCH reception within the same slot and multiple PUCCH transmission in intra/inter-slot. Simultaneous connectivity is dependent on the level of granularity, e.g. slot-based. If TDM patterns are defined on a granularity smaller than slots: it is still possible to configure UEs to receive PDCCHs and transmit PUCCHs in a manner that appears simultaneous in FR2. In light of the above, we make the following proposals: 
Proposal 7-a: For FR2 UEs, support TDM-based reception of PDCCH/PDSCH from source and target gNBs for DC/MBB-based HO.
Proposal 7-b: For FR2 UEs, support TDM-based transmission of PUCCH/PUSCH to source and target gNBs for DC/MBB-based HO.

1.4 The case of intra-band intra-frequency DC operation
DC operation is typically associated with inter-band or inter-carrier operation: the PCell and the PSCell are independently maintained so that the physical links can co-exist in parallel. As of Rel-15 NR, NR-NR DC is supported in inter-band scenarios where the PCell and the PSCell are on different frequency bands in different frequency ranges, this line of thought is similar to what we described above and in this section we will discuss about its application to more traditional scenarios. Intra-band intra-frequency operation was discussed during the last RAN1 meeting and the response regarding feasibility of simultaneous connectivity 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. 



RAN1 states that simultaneous connectivity is feasible in FR1 intra-band intra-frequency scenarios provided that some conditions are met. One of the conditions for simultaneous Tx/Rx to be feasible is that the common PRB grids between the PCell and PSCell are aligned. In line with our proposal above, intra-band intra-frequency operation can be defined as the PCell and the PSCell using the same carrier definition and the same active DL and UL BWP definition. In the case of the PCell, the carrier information is provided using frequencyInfoDL-SIB and frequencyInfoUL-SIB IEs as part of SIB1; in the case of the PSCell, the carrier information is provide using frequencyInfoDL and frequencyInfoUL IEs supplied as part of dedicated signalling during the PSCell addition. As mentioned in RAN1’s response above: the common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible. Therefore, for DC/MBB-based operation the PCell and PSCell need to be using the same point A reference for downlink and uplink carriers respectively. The inter-cell multi-TRP transmission discussed in the eMIMO agenda can be configured using a PCell and PSCell, as we would do in DC. Such a signalling framework allows us to easily configure physical links with multiple base-stations while at the same time configure the spectrum of scenarios that was discussed in [3]. Hence, it is straightforward to have the transmission/reception schemes designed in multi-TRP work as the starting point for further discussion of DC/MBB-based handover. 
Proposal 8: The transmission/reception schemes designed in multi-TRP work are used as the basis of DC/MBB-based HO in intra-frequency case.

RACH-less HO
1.5 Feasibility of RACH-less HO in FR2 and with non-zero/non-equal TA
As indicated in the incoming LS [10], RAN4 has reached the following conclusion on feasibility of RACH-less HO in FR2 and is still discussing feasibility of RACH-less handover with non-zero and non-equal TA.
	· From RAN4 perspective, RACH-less handover with 0 or equal TA is feasible in FR2 if the source and target cells are well synchronized. But it is up to RAN2 to decide if the handover can be supported in this work item. 
· RAN4 is still discussing the feasibility of RACH-less handover with non-zero and non-equal TA.



With this input, it seems there is no need for RAN1 to further discuss feasibility of RACH-less HO with zero or equal TA in FR2. In the case of non-zero/non-equal TA: it seems better to wait for RAN4 conclusion. Before RAN4 reaches a conclusion, RAN1 should be cautious on making decisions.
Observation 4: There is no need for RAN1 to further discuss feasibility of RACH-less HO with zero or equal TA in FR2, as RAN4 already concluded it is feasible if source and target cells are well synchronized.
Observation 5: RAN1 does not need to spend time on RACH-less HO with non-zero and non-equal TA as RAN4 is still discussing its feasibility.

1.6 Indicating different TA for different SSB/CSI-RS
As indicated in the incoming LS [10], RAN4 has reached the following conclusion on indicating different UL grant resources for different SSB/CSI-RS.
	· Furthermore, it is preliminarily observed in RAN4 that if the source cell can configure multiple UL grant resources associated with different DL RS (SSB or CSI-RS) in target cell, handover successful rate can be increased. Note this also increase resource overhead in the target cell. However, the gain in handover successful rate over the resource overhead may need further study. RAN2 can decide if to support this.



In our understanding, the ‘UL grant resource’ in RAN4 LS represents ‘granted UL resource for indicating RRC reconfiguration complete’.
While RAN1 discussed about different TA, in the meantime, RAN4 discussed about different granted UL resources, associated with different SSB/CSI-RS. These two parts are actually related, i.e., each granted UL resource is associated with one specific DL RS (furthermore, a pair of gNB Tx beam and UE Rx beam), together with the corresponding TA value.
In our view, at least for the case with beam correspondence at UE side, supporting such beam-pair-specific granted UL resource and TA, as well as power control (PC), are beneficial. How to handle the tradeoff between handover success rate and resource overhead can be left to NW implementation, while the corresponding UE complexity can be handled by UE capability reporting. With this in mind, we propose:
Proposal 9: Support indicating different granted UL resources and TA/PC values for different DL RS (SSB or CSI-RS) in target cell, assuming beam correspondence at UE side in FR2. 

1.7 TA enhancements over LTE RACH-less HO
	· For FR1 intra-frequency HO, further study whether any enhancement on determining TA compared to LTE RACH-less HO is needed and feasible. The following options can be used as a starting point:
· Option 1: Network indicates a timing refinement factor to UE so that UE can use at least the indicated timing refinement factor to adjust the target cell TA from the source cell TA.
· Option 2: UE performs an autonomous TA adjustment
· Option 3: Network indicates the target cell TA that is estimated by the target cell based on SRS transmission to the source cell
· FFS the case of FR1 inter-frequency HO & FR2



Regarding TA enhancements over LTE RACH-less HO, among the listed options: it is our understanding that autonomous TA adjustment (i.e. Option 2) is already supported as per [11]. RAN4 specifies gradual TA adjustment whereby a UE can make autonomous time adjustments when the transmission error between the UE and the reference timing exceeds +/- Te as can be seen below:
	7.1.2.1	Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.



Similarly, RAN4 also specifies one-shot TA adjustment whereby the UE adjusts its transmission timing in one adjustment provided certain conditions are met. These solutions were discussed during RAN4#90 in the context of UE switching Rx/Tx beams and the following way forward was agreed in RAN4#90 [12]:
	· Discussion: 
· Upon RX beam switch or active TCI state change the UE shall adjust its transmit timing as follows:
· Option 1: timing adjustment in one shot if the magnitude of the change in the downlink timing (T) at the UE between the old and new beam is greater than Te i.e. gradual timing adjustment shall NOT be applied.
· Option 2: gradual timing adjustment if T is less than or equal to threshold (H) but greater than Te; otherwise one shot timing adjustment (i.e. if  T> H).
· Requirement will be based on one of the above two options:
· RAN4 decision will be based on BS and UE impact, complexity and implementation.  
· Other solutions are not precluded. 
· It is FFS whether the beam switch will cause any interruption. 
· FFS whether one shot timing adjustment is in the same or opposite direction of DL timing change. 



It should be noted that although gradual TA adjustment and one-shot TA adjustment are solutions that were designed for UEs switching Rx/Tx beams within the same cell, such mechanisms can be readily extended to support switching Rx/Tx beams that belong to different cells. In light of the above we make the following observation:
Observation 6: Option 2 is already supported in NR Release 15 in the form of gradual TA adjustment and one-shot TA adjustment. RAN1 should send an LS to RAN4 to check whether any further modifications are needed in order to support gradual TA adjustment and one-shot TA adjustment between Rx/Tx beams targeting different cells.

We can now turn our attention towards Options 1 and 3. First of all it should be noted that Option 1 and 3 are not mutually exclusive, in other words, they can be used together. In addition, we noticed that in positioning WI, it is actually allowed for NW to indicate to UE to transmit SRS towards neighbour cell. With this in mind, we suggest RAN1 to continue discussing option 1 and 3, together with input from positioning WI (i.e., the possibility of NW to indicate UE to transmit SRS to neighbour cell for TA estimation). 

	Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options



	Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.



	Agreement:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
· Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)



Proposal 10: Regarding TA enhancements over LTE RACH-less HO, RAN1 continues discussing option 1 and 3, taking into account the possibility of NW to indicate UE to transmit SRS to neighbour cell for TA estimation. 

1.8 UL grant enhancements over LTE RACH-less HO
	· On UL grant for PUSCH transmission in RACH-less HO, further study whether any enhancement for UL grant indication compared to LTE RACH-less HO is needed. 



Regarding UL grant enhancements over LTE RACH-less HO, note that grant-free transmission is introduced in NR to reduce latency and improve reliability, which may be leveraged for HO purposes. In LTE RACH-less HO, UL resources for PUSCH transmission are explicitly provided to the UE as part of the RACH-skip-r14 IE, this was because LTE only supported grant-based UL resource allocation mechanisms. In NR, grant-free UL resource allocation mechanisms already exist: the NW can configure the UE with a ConfiguredGrantUplink IE (also referred to as configured grant type I). Any UL resources, HARQ processes and SRSs the UE needs to use for UL transmission are indicated in the ConfiguredGrantUplink IE. In general, we believe it is beneficial to allow for grant-free resource configuration (i.e., configured grant type I) to be used for transmission to target cell in the HO command from source cell. 
Proposal 11: Support configuring grant-free resource(s) (i.e., configured grant type I) to be used for transmission to target cell in the HO command from source cell.

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: Simultaneous connectivity based solutions require two simultaneously active serving cell configurations to be configured at the UE side.
Observation 2: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages from both source/target cells.
Observation 3: Without packet duplication or simultaneous UL PUSCH transmission, strict 0ms interruption time for UL cannot be achieved by DC/MBB-based HO.
Observation 4: There is no need for RAN1 to further discuss feasibility of RACH-less HO with zero or equal TA in FR2, as RAN4 already concluded it is feasible if source and target cells are well synchronized.
Observation 5: RAN1 does not need to spend time on RACH-less HO with non-zero and non-equal TA as RAN4 is still discussing its feasibility.
Observation 6: Option 2 is already supported in NR Release 15 in the form of gradual TA adjustment and one-shot TA adjustment. RAN1 should send an LS to RAN4 to check whether any further modifications are needed in order to support gradual TA adjustment and one-shot TA adjustment between Rx/Tx beams targeting different cells.
Proposal 1: For DC/MBB-based HO, the UE monitors PDCCH candidates for search space sets belonging to the source and target cells in the same slot
· Search space sets are configured for DCI formats with CRC scrambled with identifiers such as SI-RNTI, RA-RNTI, TC-RNTI, P-RNTI, INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, C-RNTI, MCS-C-RNTI, SP-CSI-RNTI and CS-RNTI on the primary cell of the MCG or SCG.
Proposal 2: Support of NR-DC and DC/MBB-based HO are reported by separate UE capabilities.
Proposal 3: For DC/MBB-based HO, the UE calculates the BD/CCE limit for the source and target cells separately.
Proposal 4: For DC/MBB-based HO, support at least PUCCH transmissions to source and target cells carrying HARQ-ACK based on TDM patterns.
· For UEs capable of simultaneous transmission, PUCCH transmissions to source and target cells carrying HARQ-ACK are sent in the same slot.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.
Proposal 5: For uplink power control for DC/MBB-based handover, power sharing is assumed.	
Proposal 6: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC/MBB-based handover. 
Proposal 7-a: For FR2 UEs, support TDM-based reception of PDCCH/PDSCH from source and target gNBs for DC/MBB-based HO.
Proposal 7-b: For FR2 UEs, support TDM-based transmission of PUCCH/PUSCH to source and target gNBs for DC/MBB-based HO.
Proposal 8: The transmission/reception schemes designed in multi-TRP work are used as the basis of DC/MBB-based HO in intra-frequency case.
Proposal 9: Support indicating different granted UL resources and TA/PC values for different DL RS (SSB or CSI-RS) in target cell, assuming beam correspondence at UE side in FR2. 
Proposal 10: Regarding TA enhancements over LTE RACH-less HO, RAN1 continues discussing option 1 and 3, taking into account the possibility of NW to indicate UE to transmit SRS to neighbour cell for TA estimation. 
Proposal 11: Support configuring grant-free resource(s) (i.e., configured grant type I) to be used for transmission to target cell in the HO command from source cell.
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