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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:
	· 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
While RAN2 has not yet concluded on the support of RACH-less HO and therefore the need to support it in RAN1 spesifications 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 [36.300]. In the RACH-less HO procedure the UE performs access to the target cell by transmitting directly Msg3 which corresponds to RRC Connection Reconfiguration Complete message, i.e. Msg1 (preamble) and Msg2 (RAR) are omitted.
For transmitting PUSCH (i.e. Msg3), the UE requires an uplink (UL) grant and proper timing advance (TA).  In LTE RACH-less, the HO command can include this information. for UL grant, the allocation can be provided in HO command, or use is required to monitor PDCCH for UL grant. For TA, the HO command includes the TA to be applied, i.e. based on source cell TA or set to zero.
From NR perspective, some additional information and procedures may be needed. Firstly, in NR RACH procedure beam forming is accounted, by determinining RO corresponding to certain SSB or CSI-RS resources i.e. mapping certain UL resources to certain DL RS’es. For RACH-less handover. Thus UE would need to be provided with the spatial relation for the UL grant in HO command. Typically these could be considered to be based (by network) for the measurement reports provided prior the HO. 
Observation: In addition to UL grant and TA information in RACH-less HO, spatial relation is needed for UL resources.
For the case that the HO command does not provide the UL grant directly, but UE is required to monitor PDCCH for the grant, the applied CORESET and SS for the target cell needs to be configured for the UE. One approach is to use CSS configuration provided in HO command, e.g. one intended for RAR, or alternatively new SS configuration can be provided. Correspondingly as for UL grant there is a need a need to determine the TCI state for the PDCCH monitoring, which in general case could be configured by eNB based on the UE measurement reports preceeding the HO. In addon, some time window for PDCCH monitoring could be set/configured to trigger UE to fall-back. The PDCCH TCI state could work as implicit spatial relation also for the scheduled UL grant (as there is no information to base any other selection). 
Observation: For the case that the UL resource is provided by PDCCH in target cell, PDCCH monitoring occasions need to be determined for the UE. Also some time window for UL grant monitoring could be determined
In this context, it could be possible that the configured spatial relation (for UL grant) or TCI state (for PDCCH) that is based on measurements preceeding the HO, could be outdated and sub-optimal. To increase the robustness of the RACH-less HO different approaches could be considered. One approach for UL grant would be to configure UE with multiple UL resources, each corresponding to different DL RS allowing the possible device mobility to be accounted in some level. I.e. UE would determine the best or the RS’es exceeding the set threshold for selecing the UL grant. This of course would increase the handover delay due to the UE measurements required at least for predefined time window and also increase the resource reservation in DL and UL(temporarily). For DL PDCCH based resource allocation, UE could be similarly be configured with multiple PDCCH monitoring occasions associated with different DL RS’es enabling different beams to be attempted for UL scheduling delivery. E.g. in principle similar manner as is determined for SIB1 or paging delivery. Furhthermore, it could be considered if there is a need for enabling UE to carry out RX beam refinement to improve the detection performance of the PDCCH. I.e. it could be considered to configure addition DL RS resources to allowing UE to refine it’s RX beam for PDCCH reception. However, as it could be assumed that RACH-less HO is used in more ‘stabile’ conditions, additioal
Observation: For improving the robustness of RACH-less HO towards spatial domain changes, different mechanisms could be considered. It should be further discussed whether these are needed.
In context of CFRA procedure [38.321], 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 RACH-less handover, so that if the UL resource(s) do not meet the set threshold (based on DL RS), UE woud fall-back to RACH (CBRA) procedure. In case 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 CFRA. 
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.  
DC based HO and MBB
In RAN1#96bis RAN1 responded to RAN2 LS on the feasibility of different simultaneous connectivity scenarios [2]. In this section we discuss the DC based HO and MBB related aspects. 
In context of DC based HO, the is expected to maintain conection to both, source and target cell, simultaneously (to achieve 0ms interruption). This can also be considered for MBB to minimize the interruption. Like raised in earlier meetings, the progress made in multi-TRP work (under MIMO agenda item) can be benefitted for DC based HO. In RAN1#96bis following agreements were made under multi-TRP:
	Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH


Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
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 



Thus, based on the multi-TRP agreements it would seem to be possible to support following functionalities (that are relevant from simultaneous connecitivty for intra-frequency case):
· Configuring different PDCCH to be monitored from different sources (cells/TRPs)
· Receiving PDSCH from different sources (cells/TRPs)
· PUCCH based HARQ-ACK feedback to different targets (cells/TRPs) based on TDM

Observation: Based on multi-TRP agreements following functionalities would be supported in Rel-16, at least for FR1:
· Configuring different PDCCH to be monitored from different sources (cells/TRPs)
· Receiving PDSCH from different sources (cells/TRPs)
· PUCCH based HARQ-ACK feedback to different targets (cells/TRPs) based on TDM

Now it is understood that aforementioned agreement are to be considered mainly in context of FR1, and incase or FR2 there is a need to account possible restriction in spatial domain. This may imply introducing some TDM pattern for reception and transmission.
Observation: Due to possible spatial domain restrictions in FR2, simultaneous connectivity may require some TDM pattern for reception and transmission, if supported.
The aspect that is not (yet) considered under multi-TRP work, is the procedures related to RACH transmission to target cell. Evidently the needed specification support would depend on the UE capability but following aspects would appear to require RAN1 attention:
· If UE support simultaneous transmission to two cells, behaviour and possibly transmit power control would need to be determined for the cases when RACH collides with transmission to other cell
· This could be separetly considered for 4-step and 2-step RACH
· If UE does not support simultaneous transmission, the TDM behaviour would need to be determined.
For power control behaviour NR-DC could provide baseline behaviour, but some further consideration may be needed RACH, especially in case of intra-frequency simultaneous connectivity. 

Conclusion
In this contribution we discussed the physical layer aspects related to Rel-16 mobility enhancements. 
In context of RACH-less HO we make following observations:-
Observation: In addition to UL grant and TA information in RACH-less HO, spatial relation is needed for UL resources.
Observation: For the case that the UL resource is provided by PDCCH in target cell, PDCCH monitoring occasions need to be determined for the UE. Also some time window for UL grant monitoring could be determined.
Observation: For improving the robustness of RACH-less HO towards spatial domain changes, different mechanisms could be considered. It should be further discussed whether these are needed.
Observation: To account possible different UL allocations, Msg3 based approach could be considered for the transmit power definition.  

For the simultaneous connectivity cases, DC based HO and MBB, we make following observations:
Observation: Based on multi-TRP agreements following functionalities would be supported in Rel-16, at least for FR1:
· Configuring different PDCCH to be monitored from different sources (cells/TRPs)
· Receiving PDSCH from different sources (cells/TRPs)
· PUCCH based HARQ-ACK feedback to different targets (cells/TRPs) based on TDM

[bookmark: _GoBack]Observation: Due to possible spatial domain restrictions in FR2, simultaneous connectivity may require some TDM pattern for reception and transmission, if supported.
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