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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 following was the conclusion from RAN2 #105bis.
	Agreements
1	The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)

2	We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.

3	We will define an interruption time definition that we can use in our evaluation of different solutions (starting point is to use one of the definitions that is already available in 3GPP, e.g. 38.913, RAN4, etc).


Agreements
0	CHO is introduced in NR to solve robustness/reliability issue.

1    The LTE agreements below are applicable for NR: 
a) CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
b) Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
c) Support configuration of one or more candidate cells for conditional handover;
· FFS how many candidate cells (UE and network impacts should be clarified).
· FFS how to include the CHO conditions in UE configuration
d) The baseline operation for Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
e) The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE successfully sends RRC Reconfiguration Complete message to target RAN. 
f) RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be considered. Detailed decisions require RAN3 study.

2	Cell level quality is used as baseline for CHO execution condition;
· FFS: on whether beam quality is used as input for CHO execution condition.

3	 RS type SSB can be used
· FFS: CSI-RS, use of more than one RS type

4	Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline
· FFS: on other events

5	Trigger quantity for CHO execution condition (RSRP, RSRQ or RS-SINR) is configured by network. 
· FFS: on multiple quantities.

FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of handovers, RLFs, etc)




2. Discussion on Potential Solutions
In the previous meeting, 5 different potential solutions were identified and discussed in meeting. For each potential solution, RAN1 listed some keyword of issues that needs to be further discussed. In this section, we provide some inputs to the listed issues for the potential solutions discussed in RAN1 #96.
RACH-less HO
RACH-less HO could potentially be feasible for cells that have small or zero TA difference. In practice this would limit the usages for RACH-less HO for small dense cell deployments. The potential possibility of supporting RACH-less HO for larger cells with possible larger TA difference between source and target cell was discussed previously. However, according to RAN4 in August 2016, accuracy of the TA values calculated by the UE cannot met the requirements needed for uplink transmission [2]. We do not believe that the improvements to RF and baseband technology since August 2016 would suddenly enable RACH-less HO for cells with large TA difference, especially given that supported SCS in NR can be smaller than 15 kHz, which is mainly used in LTE. If meeting the TA requirement for 15kHz is challenging, meeting the TA requirements for 30kHz and above would be even more difficult. Therefore, we suggest to focus the discussion for RACH-less HO for cells with zero (or near zero) TA difference.
As for potential support in FR2, there could be additional challenges to RACH-less HO since the Rx beam used for PRACH is either determine from Rx beam sweeping during the PRACH transmission (with repetition PRACH structure) or by PRACH resources itself based on Tx-Rx beam correspondence at the gNB. The gNB allocates PRACH resources for each DL Tx beam used for SSB. Based on the PRACH resource, the gNB could potentially use UL Rx beam that is identical to the DL Tx beam associated with it.
However, for RACH-less HO, gNB may not know the UL Rx beam ahead. To cope with this issue, there could be three options that may not necessarily be used exclusively but together as well:
· gNB pre-allocate resources for RACH-less HO for each DL Tx beam, such that UE may select the appropriate resource.
· RACH-less HO PUSCH transmission are repeated such that gNB can potentially perform UL Rx beam sweeping.
· UE reports best DL Tx beam of the target cell prior to HO, and source cell provide the exact UL Tx beam to use (either implicitly or explicitly).

It should be noted that for the 3rd option, the delay between the UE report and when the UE perform RACH-less HO could potentially make the used UL Tx beam at the UE and the UL Rx beam at the gNB sub-optimal and in  some case not correct at all. All three options listed does have significant impact to physical layer design and system efficiency for operating the RACH-less HO in FR2. Therefore, make the potential solution less attractive for FR2.
Additionally, RAN1 is currently working on 2 step RA procedures, which may able to reduce overall RA procedural latency and is most likely applicable to even wider range of deployment scenarios. Therefore, benefits of RACH-less HO should be also compared with 2 step RA and ultimately decide whether or not to support this feature.

Dual connectivity (DC) based HO
DC based HO is potentially the only solution that can provide 0msec HO interruption latency a reality. Although, it should be noted that DC based HO might not be feasible in all scenarios and heavily depends on UE capability and whether the UE has spare Tx/Rx chains available for simultaneous reception and transmission. Near 0msec HO interruption latency could be feasible with some form of TDM of reception or transmission between source and target cells. Further investigation is needed on feasibility of TDM of data reception and transmission processes between cells, especially in TDD systems as the DL and UL transmission is not always available.
Additionally, to keep the UE complexity reasonable, further investigation into how to split or share the blind decode hypothesis available for PDCCH monitoring in the source and target cells is needed.
The power control aspects of DC based HO could potentially be based on DC power control currently being discussed for Rel-16. It is likely all the necessary functional components would be available and could be directly applied to DC based HO. Therefore, no separate study may be required at this point. RAN1 could investigate into this issue once RAN2 has concluded on the support of the solution and NR-DC has progressed further in Rel-16.
The Tx/Rx beam related aspects (that could be relevant for FR2) has larger overlap with multi-TRP operations currently being discussed in Rel-16 eMIMO, and it is likely that necessary functional components would be available from eMIMO and eURLLC work being performed for Rel-16.

Make-before-break (MBB)
The make-before-break for LTE leaves the instant the UE stops transmission and reception with the source cell to UE implementation as described in TS36.331 Section 5.3.5.4 (see below).
	[bookmark: _Toc535571162]5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)
--- text omitted ---
1>	if makeBeforeBreak is configured:
2>	perform the remainder of this procedure including and following resetting MAC after the UE has stopped the uplink transmission/downlink reception with the source cell(s);
NOTE 1a:	It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell, as specified in TS 36.133 [16], if makeBeforeBreak is configured.




Additionally, in many instance of the MBB description, for example TS36.300 or TR24.914, MBB is described as UE stopping connection with the serving cell as soon as UE executes “initial uplink transmission” (see below).
	TS36.300

	[bookmark: _Toc535274906]10.1.2.1.1	C-plane handling
--- text omitted ---
If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell.
NOTE:	If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE.

	TR24.914

	11.4.1.3	Further mobility enhancements in LTE Make-Before-Break:
--- text omitted ---
The Make-Before-Break solution is to reduce the mobility interruption time by keeping the source connection after the reception of the handover/SeNB change command and before the first transmission/reception on the target cell. The Make-Before-Break solution is only applicable for the intra-frequency scenario. The following components are specified to support the Make-Before-Break solution:
-	Delay the layer-2 reset after stopping the transmission and reception on the source cell(s)
-	The source eNB (or source MeNB for the SeNB change) determines the Make-Before-Break handover/SeNB change by requesting the target eNB to add the make-before-break indication in the RRC message which is used for the mobility event. The target eNB adds the make-before-break indication in the RRC message which is sent to the UE via the source eNB when the handover/SeNB change is accepted.



In case the UE stops connection with the serving cell at the instant UE performs CFRA to the target cell, the interruption time reduction benefit is the time when the UE receives the HO command to the start of the PRACH transmission in the target cell. For NW with frequency PRACH resource configuration to reduce the PRACH transmission latency, MBB techniques as defined in LTE may provide sufficient latency reduction.
If the MBB for NR mandates that UE maintain connection longer, potentially even after the initial transmission to the target cell, it starts to creep up to the DC based HO realm and the potential solution for MBB and DC based HO begin to blur. Therefore, in the context of the discussion for potential solutions, any “enhanced MBB” technics that may require some form of DC based HO should be discussed under the DC based HO category instead of MBB.
Assuming that MBB solutions for NR also leave the serving cell connection stopping instant to UE implementation, it is questionable whether it provides meaningful benefits in reducing HO interruption latency. Especially more so if DC based HO were to be supported in NR for the same scenario. Therefore, MBB techniques should be carefully compared with other potential solutions in order to assess whether the potential solution is worth pursuing in NR Rel-16.

Conditional HO and Fast RLF recovery
Conditional handover (CHO) and fast RLF recovery are solutions being considered in RAN2 for improving robustness of the NR mobility. It is not currently clear if there would be any specification impact from RAN1 perspective from these solutions. According to RAN2 agreements, CHO is to be supported in NR and furthermore it would be based on cell-level quality measurements based on SSB. Given that cell level quality measurement definition is defined in L2, there may not be any RAN1 specification impact from support of CHO.

3. Suggestions for conclusions in RAN1

Given the special nature of the RAN2 lead NR mobility enhancement WI, it would be difficult for RAN1 develop specification for some mobility enhancement WI without input and guidance from RAN2. RAN2 has not yet concluded on which of the HO interruption latency reduction techniques to be supported. It would be difficult for RAN1 to agree on specifics of HO interruption latency reduction techniques as it has significant impact to L2 and L3, especially on radio bearer aspects. 
Based on the current situation, it is suggested that RAN1 try to make useful conclusions on observations on potential RAN1 specification impact, potential benefits and drawback from RAN1 perspective on the discussed mobility enhancement solutions. Additionally, it would be good to also get a good understanding on whether introduction of CHO, which has been agreed in RAN2, would have any RAN1 specification impact or not.
Additionally, in the LS sent to RAN2 regarding feasibility of DC based HO, there were still many scenarios that RAN1 mentioned that it has not been concluded. Most notably the following scenarios have not been concluded in RAN1.
Table 1. RAN1 conclusion availability of feasibility on DC based HO for various scenarios
	Source Cell Frequency Range
	Target Cell Frequency Range
	Frequency operation 
	Band operation 
	Deployment operation
	Feasibility Input from RAN1

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Synchronous
	RAN1 conclusion available.

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Asynchronous
	RAN1 conclusion available.

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Synchronous
	RAN1 conclusion available.

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Asynchronous
	RAN1 has not concluded.

	FR1
	FR1
	Intra-Frequency
	Intra-band
	Synchronous or Asynchronous
	RAN1 conclusion is available, but impact from BWP has not been investigated.

	FR2
	FR2
	Intra-Frequency
	Intra-band
	Synchronous
	RAN1 has not concluded.

	FR2
	FR2
	Inter-Frequency
	Intra-band
	Synchronous
	RAN1 has not concluded.

	FR1
	FR2
	Inter-Frequency
	Inter-band
	-
	RAN1 conclusion available.

	FR2
	FR1
	
	
	
	



In summary, we recommend RAN1 to focus its discussion and suggest to draw conclusions on the following:
· Complete the feasibility study on DC based HO for:
· FR1 inter-frequency intra-band asynchronous deployment scenario
· FR2 intra-frequency deployment scenario
· FR2 inter-frequency deployment scenario
· Complete the feasibility impact from BWP configurations for FR1 intra-frequency deployment scenario
· Physical layer impact from support of CHO, which has been agreed in RAN2 (including whether there is no physical layer impact)
· Observations & recommendation on MBB based solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· Observations & recommendation on DC based HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· Observations & recommendation on RACH-less HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)





4. Conclusions
	In this contribution, we discussed issues on NR mobility enhancement WI. Our proposals are summarized as below:
Proposal 1:
· Continue discuss on the potential solutions for NR mobility enhancement, and collect specification impact and feasibility information further in RAN1. we recommend RAN1 to focus its discussion and suggest to draw conclusions on the following:
· Complete the feasibility study on DC based HO for:
· FR1 inter-frequency intra-band asynchronous deployment scenario
· FR2 intra-frequency deployment scenario
· FR2 inter-frequency deployment scenario
· Complete the feasibility impact from BWP configurations for FR1 intra-frequency deployment scenario
· Physical layer impact from support of CHO, which has been agreed in RAN2 (including whether there is no physical layer impact)
· Observations & recommendation on MBB based solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· Observations & recommendation on DC based HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· [bookmark: _GoBack]Observations & recommendation on RACH-less HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
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