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Introduction
In the RAN4#90 meeting, a Way Forward was agreed for R16 NR mobility enhancements with the following agreement [1]:
Agreement on Handover/SCG change with simultaneous connectivity with source and target cell
· RAN4 to study the feasibility of simultaneous connectivity to both serving and target NR cells in different scenarios
· RAN4 response in LS (R4-1902030) in R16 LTE FeMobility WI can be used as a starting point
· On top of response in LS (R4-1902030) at least the following additional aspects shall be considered:
· Same of different SCS between the source and target cells
· Handover involving cell(s) in FR2, where Tx/Rx beamforming is used

In this paper, we present our views on simultaneous connectivity to serving and target NR cells in different scenarios.
Discussion
The following NR PHY aspects ask for further considerations on the feasibility of simultaneous connectivity with source and target cells compared to LTE:
· Flexible numerology
· Two uplink waveforms (CP-OFDM and SC-OFDM)
· Bandwidth part (BWP) 
· Multi-beam
· Multi-TRP
FR1 Intra-frequency:
Simultaneous Rx (same DL numerology):
In synchronous case, it is feasible to support simultaneous Rx by either sharing a single Rx chain or allocating separate Rx chains for source and target cells. In case of single Rx chain, received timing difference must be limited (e.g., within CP minus some margin for multipath profile of the channel) and power difference must also be limited. In single Rx, target DL BWP must be within source DL BWP and source cell BW should contain target cell BW. In case of single Rx chain, additional baseband resources can be obtained by reducing number of CA/bands/MIMO layers to perform dual baseband FFT.
In case of separate Rx chains, UE’s “baseband and RF resources” may have to be released to aid HO so UE may need to reduce its capability (e.g,. reducing number of CA/bands/MIMO layers) during HO. 
In asynchronous case, cross-interference between source and target cells is higher. Simultaneous Rx is feasible with separate Rx chains for a UE with Dual-connectivity (DC) capability. 

Simultaneous Tx (same UL numerology):
In synchronous case, it is feasible to support simultaneous Tx by using separate Tx chains for UE’s with UL-MIMO capability. In this case, PSD difference and MPR/A-MPR need to be studied and MTTD can be relaxed to portion of CP. 
Supporting simultaneous Tx by using a single Tx chain may be possible with limitations on same waveform (CP-OFDM vs SC-OFDM), PRB allocation FDM/TDM between source and target cells, and MTTD~0. Furthermore, active UL BWP of source cell should contain active UL BWP of target cell and source cell BW should contain target cell BW.
Supporting simultaneous Tx in asynchronous case is not possible with single Tx and is FFS for a UE with ULCA capability (e.g., MTTD needs to be relaxed which impacts other impairments). 
Simultaneous Rx/Tx (different numerology):
One SCS delivers optimal performance per band or multiple bands. Hence, within intra-frequency framework HO between source and target cells with different SCS is not a practical situation to be considered. 
Observation 1. In FR1 intra-frequency:
· Simultaneous Rx in synchronous case is possible with single Rx or separate Rx chains. In single Rx, received timing difference and power difference must be limited. Source cell active DL BWP contains target cell active DL BWP, and source cell BW contains target cell BW.
· Simultaneous Rx in asynchronous case is possible with separate Rx chains for a UE with DC capability.
· Simultaneous Tx in synchronous case is possible with separate Tx chains and UE’s with UL-MIMO capability with considerations on PSD difference and MPR/A-MPR. With single Tx chain, simultaneous Tx may be possible with limitations on same waveform, PRB allocation, MTTD. Furthermore, source cell active UL BWP contains target cell active UL BWP and source cell BW contains target cell BW.
· Simultaneous Tx in asynchronous case is not possible with single Tx chain and is FFS for UE’s with ULCA capability (e.g., MTTD needs to be relaxed which impacts inter-mod IM impairment). 
· Different numerology is not a practical situation to be considered in intra-frequency scenarios.

FR1 Inter-frequency Intra-band:
Simultaneous Rx (same DL numerology):
For synchronous scenarios, simultaneous Rx in intra-band with single Rx chain may be feasible as long as the carrier frequency separation between source and target cells and total BW (source plus target BW) are limited. Dual baseband processing (FFT, tracking loops) is required so additional baseband resources can be obtained by reducing number of CA/bands/MIMO layers. Simultaneous Rx in intra-band with more than a single Rx chain is possible if carrier frequency separation is beyond a TBD limit for a UE capable of DLCA. 
For asynchronous scenarios, simultaneous Rx is not possible with single Rx chain. It is feasible with separate Rx chains if carrier frequency separation is beyond a TBD limit and UE is capable of DC.
Combinations of supported source and target frequencies depend on UE’s band combination capabilities.  
Simultaneous Tx (same UL numerology):
For synchronous scenarios, simultaneous Tx in intra-band with single Tx chain is feasible for ULCA capable UE’s. With single Tx chain, MTTD is restricted to ~0, PSD delta must be limited, and allocation in frequency domain must be contiguous. With separate Tx chains, MTTD can be relaxed to portion of CP. PSD delta and MPR/A-MPR need further study.
For asynchronous scenarios, simultaneous Tx in intra-band with single Tx chain is not feasible. The feasibility with separate Tx chains for ULCA capable UE’s is FFS. 
Combinations of supported source and target frequencies depend on UE’s band combination capabilities.  
Simultaneous Rx/Tx (different numerology):
One SCS delivers optimal performance per band or multiple bands. Hence, within intra-frequency framework HO between source and target cells with different SCS is not a practical situation to be considered. 
Observation 2. In FR1, inter-frequency intra-band:
· Simultaneous Rx in synchronous case is possible with single Rx if carrier frequency separation and total BW of source/target cells are limited. With separate Rx chains, it is feasible for a DLCA capable UE if carrier frequency separation is beyond a TBD limit.
· Simultaneous Rx in asynchronous case is not possible with single Rx. It is possible with separate Rx chains if carrier frequency separation is beyond a TBD limit for a DC-capable UE. 
· Simultaneous Tx in synchronous case is possible for ULCA capable UE with single Tx chain if MTTD is restricted (~0), PSD delta is limited and allocation in frequency domain is contiguous. With separate Tx chains, MTTD can be relaxed but PSD delta and MPR/A-MPR need further study.
· Simultaneous Tx in asynchronous case is not possible with single Tx chain and is FFS for ULCA capable UE’s. 
· Different numerology is not a practical situation to be considered in intra-band scenarios.
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  

FR1 Inter-frequency Inter-band:
Simultaneous Rx:
For synchronous scenarios, simultaneous Rx is feasible for DLCA capable UE’s with separate Rx chains and different or same numerology between source and target cells.
For asynchronous scenarios, simultaneous Rx is feasible for DC capable UE’s with separate Rx chains and different or same numerology between source and target cells.
Combinations of supported source and target frequencies depend on UE’s band combination capabilities.  
Simultaneous Tx:
For synchronous scenarios, simultaneous Tx is feasible for ULCA+mTAG capable UE’s with separate Tx chains and different or same numerology between source and target cells.
For asynchronous scenarios, simultaneous Tx is feasible for DC capable UE’s and different or same numerology between source and target cells. 
Combinations of supported source and target frequencies depend on UE’s band combination capabilities.  
Observation 3. For F1 inter-frequency inter-band:
· For synchronous scenarios, simultaneous Rx is feasible for DLCA capable UE’s with separate Rx chains and different or same numerology between source and target cells.
· For asynchronous scenarios, simultaneous Rx is feasible for DC capable UE’s with separate Rx chains and different or same numerology between source and target cells.
· For synchronous scenarios, simultaneous Tx is feasible for ULCA+mTAG capable UE’s with separate Tx chains and different or same numerology between source and target cells.
· For asynchronous scenarios, simultaneous Tx is feasible for DC capable UE’s and different or same numerology between source and target cells. 
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  

FR2 Inter-frequency Intra-band or Intra-frequency:
For FR2 inter-frequency intra-band or intra-frequency, synchronous deployment is assumed. It is also assumed that source and target cells are non-co-located (and therefore non-QCL’ed). Furthermore, one numerology delivers the best performance per band or multiple bands. Hence, in FR2 intra-frequency and inter-frequency intra-band, different numerology between source and target cells is not of practical consideration. 
For simultaneous Rx, UE needs to support reception of two gNB beams simultaneously with separate Rx chains and multi-TRP capability which is under discussion in Rel-16.  
For simultaneous Tx, the topic is currently under discussion in RAN1. 
Observation 4. For FR2 inter-frequency intra-band or intra-frequency:
· Synchronous deployment is assumed. 
· Different numerology between source and target cells is not of practical consideration.
· Simultaneous Rx is possible for UE w/ separate Rx chains and Rel.16 multi-TRP capability
· Simultaneous Tx is under discussion in RAN1



Conclusions
Observation 1. In FR1 intra-frequency:
· Simultaneous Rx in synchronous case is possible with single Rx or separate Rx chains. In single Rx, received timing difference and power difference must be limited. . Source cell active DL BWP contains target cell active DL BWP, and source cell BW contains target cell BW.
· Simultaneous Rx in asynchronous case is possible with separate Rx chains for a UE with DC capability.
· [bookmark: _GoBack]Simultaneous Tx in synchronous case is possible with separate Tx chains and UE’s with UL-MIMO capability with considerations on PSD difference and MPR/A-MPR. With single Tx chain, simultaneous Tx may be possible with limitations on same waveform, PRB allocation, MTTD. Furthermore, source cell active UL BWP contains target cell active UL BWP and source cell BW contains target cell BW.
· Simultaneous Tx in asynchronous case is not possible with single Tx chain and is FFS for UE’s with ULCA capability (e.g., MTTD needs to be relaxed which impacts inter-mod IM impairment). 
· Different numerology is not a practical situation to be considered in intra-frequency scenarios.

Observation 2. In FR1, inter-frequency intra-band:
· Simultaneous Rx in synchronous case is possible with single Rx if carrier frequency separation and total BW of source/target cells are limited. With separate Rx chains, it is feasible for a DLCA capable UE if carrier frequency separation is beyond a TBD limit.
· Simultaneous Rx in asynchronous case is not possible with single Rx. It is possible with separate Rx chains if carrier frequency separation is beyond a TBD limit for a DC-capable UE. 
· Simultaneous Tx in synchronous case is possible for ULCA capable UE with single Tx chain if MTTD is restricted (~0), PSD delta is limited and allocation in frequency domain is contiguous. With separate Tx chains, MTTD can be relaxed but PSD delta and MPR/A-MPR need further study.
· Simultaneous Tx in asynchronous case is not possible with single Tx chain and is FFS for ULCA capable UE’s. 
· Different numerology is not a practical situation to be considered in intra-band scenarios.
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  

Observation 3. For F1 inter-frequency inter-band:
· For synchronous scenarios, simultaneous Rx is feasible for DLCA capable UE’s with separate Rx chains and different or same SCS between source and target cells.
· For asynchronous scenarios, simultaneous Rx is feasible for DC capable UE’s with separate Rx chains and different or same SCS between source and target cells.
· For synchronous scenarios, simultaneous Tx is feasible for ULCA+mTAG capable UE’s with separate Tx chains and different or same SCS between source and target cells.
· For asynchronous scenarios, simultaneous Tx is feasible for DC capable UE’s. 
· Combination of supported source and target frequencies depend on UE’s band combination capabilities.  

Observation 4. For FR2 inter-frequency intra-band or intra-frequency:
· Synchronous deployment is assumed. 
· Different numerology between source and target cells is not of practical consideration.
· Simultaneous Rx is possible for UE w/ separate Rx chains and Rel.16 multi-TRP capability
· Simultaneous Tx is under discussion in RAN1

References
[1] R4-1902547

8

4

