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Introduction
[bookmark: _Hlk510705081]A new WID on NR mobility enhancements was agreed in RAN Plenary meeting #80 [1]. The objectives to be considered in the work item are as follows:
	· [bookmark: _Hlk16150552]To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 



In this contribution we discuss the physical layer aspects of different mobility enhancements.
RACH-less HO
In RAN1 meeting #97 following conclusion was made regarding the RACH-less HO:
	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:
· [bookmark: _Hlk16254934]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. 




While RAN2 has not yet concluded on the support of RACH-less HO and therefore the need to support it in RAN1 specifications is pending, in this section we provide preliminary considerations on the physical layer implications of the RACH-less HO. The description of the RACH-less HO in LTE is provided in TS 36.300 [2]. In  this section we discuss first the configuration aspects of RACH-less handover and the the timing advance related aspects.
Resource configuration
For transmitting PUSCH (i.e. Msg3), the UE requires an uplink (UL) grant and proper timing advance (TA). Normally those are obtained from successful random access procedure, but In LTE RACH-less HO, the HO command includes this information:
· The UL grantis either fully provided in HO command (i.e. UE doesn’t need to even read PDCCH for it), or UE monitors PDCCH for UL grant (i.e. UE is configured with the appropriate parameters used for monitoring target cell PDCCH). 
· The TA to be applied is included in the HO command , but can be only either the same as source cell TA or set to zero. 
Like discussed in last meeting, similar principles could be used also in NR: UL grant is required to the target cell and configured grant Type1 and Type2 could be used as a baseline for determine the RACH-less HO configuration in NR (‘ConfiguredGrantConfig’). Configured grant Type 1 could be used for the case when UE is not expected to monitor PDCCH for the UL grant (i.e. no dynamic PDCCH allocation for the UE), and Type 2 could be considered for the case that PDCCH is used to provide the grant (i.e. dynamic PDCCH allocation, requiring UE to first reads PDCCH to determine exact UL grant). Note that in following text, Type1 RACH-less HO is used to refer the case PUSCH is sent to the target cell without dynamic scheduling and the grant is fully defined by higher layers (e.g. Type 1 configured grant) and Type2 RACH-less HO is used to refer to the case when DCI is used to provide the grant.
Observation: Configured Grant Type1 and Type2 could be used as baseline for the two scenarios for delivering the UL grant. 
In context of UL allocation, UE will be provided in part of the handover (i.e. “reconfiguration with synch” in RAN2 terminology) information regarding the UL BWP - related parameters. When executing the handover, UE immediately accesses the cell using the indicated BWP, without requiring to read the SIBs first (i.e. similar as in LTE, the HO command contains all the information needed to establish the connection to the target cell). Also for both UL grant delivery mechanisms (Type1 and Type2 RACH-less HO) UE needs the DL BWP information and correspondingly, common and dedicated BWP configuration (s) are provided part of the reconfiguration. This enables operating the UE at the intended BWP, in DL and UL, directly from the start of the connection (e.g. on ‘firstActiveDownlinkBWP-Id’). 
Observation: The RACH-less HO the UE can use the UL and DL BWP indicated by ‘firstActiveDownlinkBWP-Id’ and ‘firstActiveUplinkBWP-Id’ (i.e. no special BWP is required for the RACH-less HO).
As a part of the HO related configurations UE is also provided with the required CORESET and SS configurations. In both UL grant delivery cases is RACH-less HO, UE will require the information which PDCCH to monitor (e.g. for UL grant). In normal RACH procedure UE will monitor the Type1-PDCCH CSS (in configured CORESET) for RAR. From RACH-less operation perspective Type3-PDCCH CSS or USS could be considered to be used for monitoring (e.g. for C-RNTI), if configured and if not configured, Type1-PDCCH CSS could be monitored. Note that even if these would be different in the target cell than in the source cell, both of those configurations can be provided via the RRC reconfiguration that triggers the RACH-less HO.
Observation: PDCCH monitoring e.g. for UL grant (Type2) could use the Type3-PDCCH CSS or USS, if configured and if not configured, Type1-PDCCH CSS.
In addition to time and frequency domain allocations, the power control and spatial domain information would be needed to aligned between gNB and UE. In RACH procedure UE can assume the PDCCH (DM-RS) to be QCL’ed with the SS/PBCH block (or CSI-RS) selected during the initial access procedure. In RACH-less operation there would need to be some mechanism determined based on which UE can obtain the spatial relation for UL transmission and the QCL assumption for DL monitoring. In previous meetings it has also been discussed the possibility to enhancing the robustness of the possible RACH-less procedure in multi-beam deployments. Namely considering the scenario where the selected DL beam (e.g. SS/PBCH Block) prior/during the handover procedure could be outdated and/or sub-optimal. 
For Type1 configured grant procedure UE would be informed about DL RS’es (resource indexes) that it should use as the pathloss reference for transmit power determination. It could be considered that these RS’es would also be considered when determining the UL spatial relation. If multiple RS candidates are to be considered, requiring UE to do measurements prior PUSCH transmission, this could be considered by defining multiple pathloss references with fixed mapping to the UL grant time resource occurrence, e.g. similarly as considered for Type0/0A/2-PDCCH monitoring in case of non-default association. 
Observation: For Type1 RACH-less HO, pathloss reference could be used to determine the UL spatial relation. If multiple pathloss references are to be considered, determining association between RS’es and UL grant time occasions could be used. 
For Type2 configured grant operation, the pathloss reference can be given by the scheduling DCI (SRI field). If not provided (no SRI field) pathloss refernce index 0 will be used. For RACH-less operation, similar operation could also be considered. For multibeam operation, where the scheduling PDCCH could come from different directions (i.e. sweeped), there would need to define monitoring occasions with association to selected DL RS’es. In principle this could be achieved it two ways. Using similar approach as e.g. for non-deault association for Type2-PDCCH monitoring the spatial association of a given monitoring occasion determined by the search space could be mapped to the configured DL RS’es (e.g. given by the pathlossReferenceIndex) in sequential manner. Alternative approach would be to use the CORESET configuration with TCI state.
Observation: For Type2 RACH-less HO, pathloss reference determination could follow the same procedure as for Type2 configured grant. For multi-beam operation, the PDCCH monitoring occasion determination could follow the TCI state given in CORESET(s) or be based on the non-default association as e.g. for Type2-PDCCH. 
In context of CFRA procedure (see TS38.321 [3]), if none of the DL RS associated with the dedicated RACH resources meet the set criterion (threshold), UE should fall-back to CBRA procedure. It could seem possible that similar approach would be considered also for Type1 RACH-less handover, so that if the RS’es corresponding to UL resource(s) do not meet the set threshold, UE woud fall-back to RACH (CBRA) procedure. In Type2 RACH-less HO, where the UE is required to monitor PDCCH to acquire the UL grant, it would seem possible to consider similar approach, e.g. if UE has not successfully received valid scheduling within a given time window, it would fall-back to CBRA.
For both of the aforementioned cases (UL grant provided in HO command or scheduled by target cell), transmission power for the Msg3 needs to be determined. Two principle approaches can be considered, i.e. Msg1 based or Msg3 based. As in principle the UL allocation size could be accounted in the transmission power determination, using similar approach as for Msg3 (omitting the unneccesary parameters).
Observation: To account possible different UL allocations, Msg3 based approach could be considered for the transmit power definition.  

TA related enhancements
The transmit timing requirements are defined in in Section 7.1.2 of [4] as follows:
Table 1. UE transmit timing Error Limit from [4]
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 



These are based on the assumption that UE has received at least on SS/PBCH block in last 160ms, and the reference point in UL being the set transmission timing (accounting the TA) and in DL the first detected path (in time). 
When UE does handover based on CBRA or CFRA, the Msg1 will be sent proper timing according to the aforegiven requirement (with NTA=0) and Msg3 similarly, accounting the TA provided in RAR. In RACH-less handover the PUSCH would be expected to meet the same accuracy requirements. I.e. accounting any possible change in DL timing reference point due to different ‘first detected path’ between source cell and target cell, UE is expected to transmit the PUSCH at correct timing (based on the TA) using the target cell DL timing as a refernce. 
In last meeting it was concluded that RACH-less HO is feasible at least in cases when source and target cell TA’s are equal or target cell TA is zero. RAN4 has reached similar conclusion in [5]. In addition few different options were considered for the TA enahancement to extend the use cases of RACH-less handover, quoted below for reference:
	· 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.



The first option proposes in principle to allow source cell to indicate to the UE what TA value to apply in RACH-less HO in the target cell. This would seem rather simple extension of the LTE case where use of same TA (as source) or TA=0 are considered. Further, the TA may not always be used in practice even in very small cells, and could be another constant (but small) value. In priciple two approaches could be considered: Either network gives directly the TA to be applied in the target cell including the timing advance offset (NTA_offset), or alternatively, network provideds amount of TA steps to adjust the current (source cell) TA before applying it in target cell. How network determines the applied TA would be left for network implementation (i.e. doesn’t need to be discussed in RAN1). 
Observation: Enabling network to indicate the TA to be applied could be considered as an extension for RACH-less HO.
[bookmark: _GoBack]For autonomous UE TA adjustment, it would require that the UE would measure the RSTD between the source and target cell to obtain the step needed to correct the TA. In LTE the RSTD is defined based on PRS, with accuracy ranging from 4-15*Ts with different number of measurement sub-frames and number of PRBs (for PRS) with suffiently long measurement period (>1,2s). Thus, before concluding the feasibility of UE autonomous TA adjustment it should be understood how accurately UE can determine the received timing differente between source and target cell, based on SS/PBCH block. This should not cause significant increase in the UL transmit timing error to be practical. The accuracy of this would be some thing that RAN4 would need to determine. It would be good to account that in LTE, where CRS can be used to assist, RAN4 did not consider this feasible [6] (in the given timeframe). Also to enable autonomous UE TA adjustment, UE would require further assistance information from network; any difference in timng advance offset between the cells and possible difference in transmit timing. It is good to observe that in order to firmly establish the difference in transmit timing, would in practise require cells to be synchronized. 
Observation: Feasibility of UE autonomous TA adjustment depends heavily on the achievable accuracy of RSTD measurement. 
In the third considered option, SRS is used a “pre-preamble” to provide the target cell some means to determine the TA. In principle, if mechanism to provide the TA for target cell is supported, it would not be necessary to determine how the network obtains the TA. Also as the SRS will take some time, it might be that 2-step RACH could be used, enabling the TA to be obtained.
Feasibility of simultaneous connectivity
In RAN1#96bis RAN1 responded to RAN2 LS on the feasibility of different simultaneous connectivity scenarios [7]. In this section we discuss some of the open issues on FR1.
One of the open issue that was not concluded was the impact ot BWP configurations in case of FR1 intra-band intra- and inter-frequnecy. The feasibility simultaneous transmission and reception in these cases was based on the assumption that the UE supports the considered band combination as part of CA and/or DC. For inter-frquency case, for a device that supports the said carrier combination e.g. based on CA, it would appear to be possible to configure the bandwidth of the BWP also independently. 
Observation: For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently.
In case of intra-frequency, it would seem neccesary that the BWP configuratons would overlap, while it does not yet imply that the BWPs need to have the same bandwidht. I.e. one  
Observation: For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth.
For intra-frequency case, it was noted part of the feasibility analysis that the PRB grid needs to be aligned. It was left open whether this assumption implies that also the PointA would need aligned or whether it is enought that these are separated by integer number of PRBs (to align). Correspondingly it was not concluded whether SCS-SpecificCarrier(s) for the given numerology (or other numberologies would need to be aligned. As this is not currently required for intra-frequency cells (SS/PBCH block frequency location and scs are of course to be aligned), and if the BWPs on the two cells are overlapping, it does not seem neccesary that the SCS-SpecificCarrier nor PointA location to be aligned between the cells.
Observation: In FR1 intra-band intra-frequency case, it would not seem neccesary to align SCS-SpecificCarrier nor PointA location between the cells.
For the simultaneus transmission it would appear also that the DC sub-carrier location would need to be aligned for the two cells, i.e. txDirectCurrentLocation in the UplinkTxDirectCurrentBWP configurations would need to be aligned.
Observation: For simultaneoues transmission to two cells in case of intra-band intra-frequency, the DC locations need to be aligned.


Conclusion
In this contribution we discussed the physical layer aspects related to Rel-16 mobility enhancements. 
In context of RACH-less HO configuration we make following observations:-
Observation: Configured Grant Type1 and Type2 could be used as baseline for the two scenarios for delivering the UL grant. 
Observation: The RACH-less HO the UE can use the UL and DL BWP indicated by ‘firstActiveDownlinkBWP-Id’ and ‘firstActiveUplinkBWP-Id’ (i.e. no special BWP is required for the RACH-less HO).
Observation: PDCCH monitoring e.g. for UL grant (Type2) could use the Type3-PDCCH CSS or USS, if configured and if not configured, Type1-PDCCH CSS.
Observation: For Type1 RACH-less HO, pathloss reference could be used to determine the UL spatial relation. If multiple pathloss references are to be considered, determining association between RS’es and UL grant time occasions could be used. 
Observation: For Type2 RACH-less HO, pathloss reference determination could follow the same procedure as for Type2 configured grant. For multi-beam operation, the PDCCH monitoring occasion determination could follow the TCI state given in CORESET(s) or be based on the non-default association as e.g. for Type2-PDCCH. 
Observation: To account possible different UL allocations, Msg3 based approach could be considered for the transmit power definition.  
For TA enahancements to RACH-less HO following observations are made:-
Observation: Enabling network to indicate the TA to be applied could be considered as an extension for RACH-less HO.
Observation: Feasibility of UE autonomous TA adjustment depends heavily on the achievable accuracy of RSTD measurement. 
For the simultaneous connectivity cases, we make following observations:
Observation: For FR1 intra-band inter-frequency case it should be possible to configure the BWPs independently.
Observation: For FR1 intra-band intra-frequency case the BWPs should overlap, but not neccesarily have same bandwidth.
Observation: In FR1 intra-band intra-frequency case, it would not seem neccesary to align SCS-SpecificCarrier nor PointA location between the cells.
Observation: For simultaneoues transmission to two cells in case of intra-band intra-frequency, the DC locations need to be aligned.
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