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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 feasibility of simultaneous connectivity.
Feasibility of simultaneous connectivity
RAN2 has sent an LS to RAN1 in relation to the feasibility of simultaneous connectivity [2]. As indicated in LS, this aspect has been discussed already in context of LTE, and the main question from RAN2 is whether the earlier responces from RAN1 in context of LTE applie [3]. 
In following we consider the simultaneus reception for intra-frequency and inter-frequency cases, in synchornous and asynchronous cases from the perspective of NR. The excat timing and power difference related requirements for simultaneous reception and transmission are more under the RAN4 jurisidiction and could be seen to be party covered by existing CA requirements, we focus more to the impact of numberology and BWP of each cell.
Intra-frequency

Simultaneous connectivity for synchronous intra-frequency cells
Simultaneous reception from two cells could be considered to be feasible for UE using single receiver chain assuming that the cells are synchronous and with the requirement that sufficient base-band processing capability is supported (and available), covering PDCCH and PDSCH reception related capabilities. When receiving from two cells, it could be considered to simplify the single receiver chain UE operation if equal size and full overlap on BWPs can be assumed on both cells. However this is not seen absolutely necessary, as UE could configure the reception based on the widest BWP as long as the total BW is within the UE capability. If UE does support simultaneous reception of multi-numerology, it also could be considered that it would be possible, while not typical, that the numberologies configured for the BWP in each cells could be different. If UE does not support reception of different numerologies, the numerologies applied in both cells should be the same. In this case it would also seem rather likely that the BWPs would be same as well. Note that for the synchronous intra-frequency it is assumed that the sub-carrier rasters are aligned between the cells, while the scs-carrier defintions (and pointA location) could be different for different cells. 
From transmission perspective simultaneous connectivity is also feasible, with certain side conditions. It is evident that for single transmitter chain UE some TDM pattern is required to enable simultaneous connectivity. TDM pattern could also benefit and simplify the operation of dual transmitter UE, by not requiring to consider the power sharing. It would simplify the operation from UE perspective if the numerology and BWP can be assumed to be the same. Accounting TDM based transmission, to two cells the applied UL timing should be aligned (to avoid GPs). 
Spatial domain impact would need to be accounted also for reception (and transmission) in FR2, if UE is not able to receive from multiple antenna panels simultaneously. For ‘single panel’ UEs this could be solved by applying TDM pattern for reception. 
Simultaneous connectivity for asynchronous intra-frequency cells
When the cells are asynchronous, i.e. timing difference between the cells is undefined and may drift freely, in order to UE to be able to have simultaneous reception, it could be seen to require allocating independent receiver chains for each cells, at least from base-band up-to having independent FFT processing for each cell. As the processing of each cell can be considered to be more independent in this case, the BWP on each cell could be different and non-overlapping (as long as limited to total UE capability), and numerologies of the cells could also considered to be independent. 
For asynchronous transmission to two cells, UE would be required to support two fully independent transmitted chains and the power would need to be limited. There can be also further intermodulation related issues e.g. due to transmissions not sharing same frequency and timing source. 
For asychornous case, in FR2, the UE should be able to receive (and transmit to simultaneous) spatial directions simultaneously/independently. 
Observation: For UE with single receiver chain simultaneous reception from two intra-frequency cells can be considered to be feasible, assuming that the UE has sufficient baseband processing capability and that the cells are sufficiently synchronized, further facilitated if the sub-carrier spacing of the cells is same. For UEs with full dual receiver chain, simultaneous reception from two intra-frequency cells is feasible even if the cells are asynchronous. For single transmitted chain UE the support of simultaneous connectivity to two intra-frequency cells would require that some TDM pattern is defined and that the UL timing is sufficiently aligned. For UEs supporting two transmited chains, simultaneous transmission to two intra-frequency cells would be feasible if the power is split, but it would be preferable to have some level of synchronisation between the cells.
Inter-frequency
To enable simultaneous reception in inter-frequency cases, UE would need to support DL CA in the frequencies of the two cells in question. Thus assuming that the UE has capability support CA between the said cells, and that this capability is not in use, it could be considerd to be feasible to support simultaneous reception, with certain side conditions. For inter-band and intra-band simultaneous reception cases, it could be assumed that the timing requirements would follow those that have been defined for corresponding CA cases (in 38.133). Also similarly as in CA operation, the configurations of the BWPs on the two cells could be considered independent (BW and numerology).
Correspondingly, from transmission perspective, simultaneous connectivity would require UE to support UL CA between the said cells/frequencies. For UE with single UL support only, some TDM operation could be envisioned, but if large timing difference between cells needs to be supported, this may not be feasible. As for DL, the UL BWPs could considered to be independent.
Observation: For UE supporting corresponding DL CA capability, the simultaneous reception from two inter-frequency cells is feasible as long as the cells are sufficiently synchronized. Correspondingly, UE supporting corresponding UL CA capability, the simultaneous transmission can be supported as long as the cells have sufficiently aligned UL timing. 

Conclusion
In this contribution we discussed the feasibility of the simultaneous connectivity as raised in RAN2 LS [2]. We make following observations and propose that they are accounted in possible LS response to RAN4:-
Observation: For UE with single receiver chain simultaneous reception from two intra-frequency cells can be considered to be feasible, assuming that the UE has sufficient baseband processing capability and that the cells are sufficiently synchronized, further facilitated if the sub-carrier spacing of the cells is same. For UEs with full dual receiver chain, simultaneous reception from two intra-frequency cells is feasible even if the cells are asynchronous. For single transmitted chain UE the support of simultaneous connectivity to two intra-frequency cells would require that some TDM pattern is defined and that the UL timing is sufficiently aligned. For UEs supporting two transmited chains, simultaneous transmission to two intra-frequency cells would be feasible if the power is split, but it would be preferable to have some level of synchronisation between the cells.
Observation: For UE supporting corresponding DL CA capability, the simultaneous reception from two inter-frequency cells is feasible as long as the cells are sufficiently synchronized. Correspondingly, UE supporting corresponding UL CA capability, the simultaneous transmission can be supported as long as the cells have sufficiently aligned UL timing. 

References
[1] [bookmark: _Ref769929]RP-181433, New WID: NR mobility enhancements, 3GPP TSG RAN#80
[2] [bookmark: _Ref4763489]R1-1903863, LS on NR mobility enhancements, RAN2
[3] [bookmark: _Ref4763572]R1-1814411, Reply LS on the Interruption time during mobility in LTE, RAN1


