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1. Introduction
In this contribution, we discuss suggested guidance for RAN1 for NR mobility enhancements and also discussion on the feasibility aspects of simultaneous connectivity.
	The objectives of the NR mobility enhancements is given in [1]. The following are the objective of the WID.
	The following objective are considered in this WI:
1. To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
0. Handover/SCG change with simultaneous connectivity with source cell and target cell. 
0. Make-before-break 
0. RACH-less handover 
1. 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. 
1. Conditional handover 
1. 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. 

1. To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]

Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies



2. Discussion on the focus of RAN1 for NR mobility enhancement WID
The objective of the WI are mainly to support smaller interruption time and to provide better reliability for HO/SCG change. Given that many aspect of the HO/SCG change require high layer support and that this is a RAN2 lead WI, it would be logical for RAN2 to determine the high level features that would be supported as part of this WI. In RAN1, the focus should be providing physical layer specification support and potentially improvements in the physical layer that enhance the high level features that RAN2 agreed to standardize.
In our companion contribution in RAN2 [2], we provide overall work plan for the NR mobility enhancement, including high level work plans for RAN1 and RAN4. We suggest the overall following guidance for RAN1. More detailed description of work plan for RAN2, RAN1, and RAN4 is provided in [2].
	Quarter
	Work Plan

	Q1, 2019 
	RAN2 to work on detailed features for the candidate solutions on reduction of interruption time and improvement of reliability 

	
	RAN1 to investigate physical layer impact from supporting potential mobility enhancement solutions, including feasibility study on simultaneous connectivity 

	Q2, 2019
	RAN2 to finalize the detailed features for the candidate solutions and conclude on candidate solutions with possibility of down-selection of candidates

	
	RAN1 to conclude investigation of physical layer impact from supporting potential mobility enhancement solutions including feasibility study on simultaneous connectivity

	Q3, 2019
	RAN1 to study required physical layer support and potential physical layer enhancements for candidate solutions determined by RAN2.

	Q4, 2019
	Finalize stage 3 work 


  
Based on the proposed work plan, we suggest RAN1 to focus on providing potential physical layer impact from various candidate solutions to improve interruption time and reliability for HO/SCG change. Additionally, if there are other physical layer enhancements that RAN2 consider, investigate into those potential enhancements and provide input to RAN2. This would be with the understanding that for any higher layer impacted features will be ultimately determined by RAN2.
The immediate goal for RAN1 should be providing the specification impact and possibly technical analsysi from the physical layer perspective on the candidate solutions to RAN2 by the before end Q2 2019. This would allow for RAN2 receive RAN1 analysis (and possibly some recommendations) and complete the decision on set of features that would be supported as part of NR mobility enhancement.
Once RAN2 has concluded on the high level feature set to be supported, RAN1 can work in Q3 and Q4 of 2019 to finalize and complete the physical layer aspects of the feature set to be supported.
Proposal 1:
· Discuss what the RAN1 work plan should be and coordinate the work plan with RAN2.


3. Feasibility of simultaneous connectivity 
RAN1 has agree to a reply LS regarding the interruption time during mobility in LTE [3]. Responses provided in the reply LS to RAN2, were mainly kept at high level and for some aspects, RAN1 has not fully provided answers to the issues mainly regarding simultaneous connectivity in intra-band cases.
Similar to the email discussion that was conducted over the RAN1 email reflector, we suggest to divide the issue into intra-band inter-frequency, and intra-band intra-frequency cases. Furthermore, break down each case to maximum transmit/reception time difference (MTTD, MRTD) above a certain value or not. Instead of focusing on whether cells are synchronous or asynchronous, we believe it is much more important from the physical layer processing the actual MTTD and MRTD values for the two cells. For example, two cells may be completely synchronized, but due to cell size and relative position of the UE to each of the cell, the uplink transmit time and the downlink receive time may not be synchronized at all. Whether or not UE is able to support transmission or not may depend on MTTD and MRTD.
Additionally, for cases when it is difficult for the UE to simultaneously transmit or receive signals to two cells, it may be still possible to have a pseudo connectivity by TDM transmit or receiving signals to each cell. This may require some interruption of downlink and/or uplink transmission for each cell. However, UE may be able to establish pseudo connectivity to both cell. If support of simultaneous connectivity is important to be supported in all inter/intra-band intra/inter frequency scenarios, RAN1 should further investigate into whether TDM approach of transmit/reception is feasible or not.
Finally, for cases when it is conditionally feasible to perform simultaneous transmission and reception to two cells, RAN1 should further investigate into the exact conditions in which it is feasible and its related performance.
Based on above discussion, we suggest to use a generic template, similar to what was used in the email discussion for simultaneous connectivity for LTE, for collection of input from various sources (i.e. companies) and summarize the situation in more detail. The following is suggested template for gather input from companies. The MRTD and MTTD thresholds that may be important to the discussion may strictly does not need to be determined by RAN1. RAN1 may work with the assumption that either MRTD/MTTD is sufficient small or large, and get feedback from RAN4 on the exact values that would need to be assumed for various UE behaviors.
	
	Simultaneous Tx to two cells
	Simultaneous Tx from one cell, and Rx from another cell
	Simultaneous Rx from two cells

	Inter-frequency
Inter-band
	MRTD/MTTD is smaller than X1/Y1 usec
	
	
	

	
	MRTD/MTTD is larger than X1/Y1 usec
	
	
	

	Inter-frequency 
Intra-band
	MRTD/MTTD is smaller than X2/Y2 usec
	
	
	

	
	MRTD/MTTD is larger than X2/Y2 usec
	
	
	

	Intra-frequency 
Intra-band
	MRTD/MTTD is smaller than X3/Y3 usec
	
	
	

	
	MRTD/MTTD is larger than X3/Y3 usec
	
	
	


 
Proposal 2:
· Initiate collection of input from companies on feasibility of simultaneous Tx/Rx to/from two NR cells.
· Classify collection of the information into 2 categories, inter-frequency inter-band, inter-frequency intra-band, and intra-frequency (intra-band). Further subcategorize each cases depending the MRTD and MTTD expected for the UE to handle.


4. Conclusions
[bookmark: _GoBack]	In this contribution, we discussed RAN1 work plans and our suggested guidance for RAN1 for the NR mobility enhancement WI. Our proposals are summarized as below:
Proposal 1:
· Discuss what the RAN1 work plan should be and coordinate the work plan with RAN2.

Proposal 2:
· Initiate collection of input from companies on feasibility of simultaneous Tx/Rx to/from two NR cells.
· Classify collection of the information into 2 categories, inter-frequency inter-band, inter-frequency intra-band, and intra-frequency (intra-band). Further subcategorize each cases depending the MRTD and MTTD expected for the UE to handle.
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