3GPP TSG-RAN WG2 Meeting #103bis
R2-1814024
Chengdu, China, October 8th – 12th 2018
Agenda Item:
11.2.2.2
Source:
InterDigital Inc. (rapporteur)
Title:
Summary of [103#56][NR-U] Connected Mode Mobility (InterDigital)
Document for:
Discussion, Decision

1 Introduction
A Study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. Objectives of the study as listed in [1] includes mobility in connected/inactive/idle mode operation and radio-link monitoring/failure for NR-U stand-alone (SA) deployments.

During RAN2#103 in Göteborg, there was a discussion on challenges for NR-U due to LBT including beam/cell-level mobility use cases, mobility scenarios, possible solutions and their respective benefits based on R2-1812371 [2]. RAN2 agreed to continue the discussion by email to at least ensure TR 38.889 includes all relevant material. The scope of the discussion is as follows, as updated following further discussions during RANP and according to guideline provided by chairmanship:
	[103#56][NR-U] Connected Mode Mobility (Interdigital)


Intended outcome: Report. Description of Connected Mode Mobility Cases and Challenges for NR-U, Tentative Solutions except those covered in the NR Mobility WI, and their expected benefits. Identify Agreeable TP and items for further study.


Deadline: Next Meeting


While not expected unless readily available and handy, please ensure clarity in describing the method and assumptions used if simulation results are provided to support a response to this discussion.
This contribution summarizes the subsequent email discussion for Connected Mode Mobility for NR-U.
The email discussion is structured in two parts:

· Part I: Provision of responses to a questionnaire;

· Part II: Construction of a TP to TR 38.889 [12] based on a possible consensus for each question.

The summary in section 3 includes a proposed way forward. Companion contribution R2-1814024 [15] includes the resulting text proposal to TR 38.889v0.1.0 [12] capturing consensus from the discussion. The TP is also included in section 4 for convenience.

2 Connected Mode Mobility for NR-Unlicensed

RAN2 previously discussed some aspects related to mobility in email discussion [102#69]. The discussion focused on issues that could require changes to:

· Measurement framework (e.g. SMTC configuration and its provisioning, additional measurements such as channel load)

· RRM (e.g. applicability of events and how to guarantee robustness)

· Any changes to the RRC procedures for measurements and handover

· Considerations on Idle/Inactive cell reselection (e.g. changes to cell quality and ranking)

As a result, RAN2 agreed to the following during AH-1807: 

· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

2.1 Mobility Use Cases / Scenarios for NR-U

As a first step, RAN2 should discuss and agree to the mobility scenarios relevant for NR-U. Such may include beam level mobility i.e., scenarios that do not require RRC signalling as well as cell-level mobility i.e., scenarios that do require RRC signalling. 

Based on a survey of contributions [2-11] submitted to RAN2#103, a possible list of mobility scenarios to consider for NR-U is the following:
•
Intra-cell NR-U mobility (beam level mobility) [2][11]
•
Inter-cell handover between NR-U and NR-U [2][3][11]
•
Inter-cell handover between NR-U and NR [2][3][11]
•
Inter-RAT handover between NR-U and LTE [2][3][11]
Question 1: Do you agree that at least the above mobility scenarios be considered for NR-U?

	Company
	Response
	Additional Comments

	Name
	Yes / No
	If negative response and/or to describe additional use cases/scenarios.

	Nokia
	Partially Yes
	Intra-cell NR-U mobility: Our understanding is that it is open if multi-beam operation is in the scope of Rel-16 NR-U

Inter-RAT handover between NR-U and LTE: Our view is that this type of mobility should include LTE cells connected to EPC and LTE cells connected to 5GC.

	LG
	Partially Yes
	Intra-cell NR-U mobility: We think that RAN1 should make progress on this aspect before RAN2 works on it.

	Charter Communications Inc.
	Partially Yes
	We recommend prioritizing the work in the following descending order:

a) Inter-cell Handover between NR-U and NR-U

b) Inter-cell Handover between NR-U and NR
c) Inter-RAT Handover between NR-U and LTE

d) Intra-cell NR-U (beam-level) mobility

For c) we believe that the scenario of LTE cells connected to EPC should be prioritized over LTE cells connected to 5GC. 

We’d also like to mention that while mmWave (FR2) bands may presently be out of NR-U SID scope, it is our understanding that beam-forming operations still apply to sub-7GHz NR and NR-U. 

	Intel
	Partially Yes
	RAN2 can prioritise study on the first 3 handover scenarios first.

	MediaTek
	Yes
	Intra-cell NR-U mobility should be left to RAN1. 

	Huawei
	Yes
	we agree all the listed scenarios should be within the scope of NR-U. 

	OPPO
	Yes
	Yes, it should be clarified that for the LTE case, whether both eLTE (connected to 5GC) and LTE (connected to EPC) should be considered.

	ITRI
	Yes
	The first 3 handover scenarios should study first.

	vivo
	Partially Yes
	We should focuse on bullet 2 and 3. We consider that the inter-RAT mobility could be deprioritized considering the limited time for this SI, and the beam level mobility can wait for the further inputs from RAN1.

	Ericsson
	Yes
	Inter RAT handover between NR-U and LTE can have lower priority as this need to be discussed in the context of NR licensed first. 

	Panasonic
	Yes
	Intra-cell mobility was one of the RAN2 agenda items in NR licensed. We think for NR unlicensed it should remain the same (within both RAN1 and RAN2 scope).

	Kyocera
	Yes 
	Agree with MediaTek

	ZTE
	Partially Yes
	Intra-cell NR-U (beam-level) mobility should follow NR design as baseline;
Inter-RAT handover between NR-U and LTE should be deprioritized

	Samsung
	Yes
	We consider the possible mobility scenarios as indicated above.

	Apple
	Yes
	Agree all the scenarios should be studied.

	InterDigital Inc.
	Yes
	All scenarios should be studied. RAN2 should prioritize inter-cell mobility with NR-U and NR first, then inter-RAT with LTE. Intra-cell mobility for NR-U can be addressed once RAN1 has sufficiently progressed. 

	
	
	


Possible consensus for mobility scenarios to consider for NR-U:

Most companies seem to agree to the above mobility scenarios. Many companies further suggest some form of prioritization of the mobility scenarios. Prioritization may imply that beam-level mobility scenario remains set aside until RAN1 makes further progress. Consequently, the consensus for now may be limited to inter-cell and inter-RAT scenarios for the TP.
Most companies seems to consider that RAN2 should address scenarios in the following descending order of priority in the RAN2 part of the NR-U SI:
Highest priority:

•
Inter-cell handover between NR-U and NR-U

•
Inter-cell handover between NR-U and NR

Lower priority:
•
Inter-RAT handover between NR-U and LTE (LTE connected to EPC or 5GC)

Lowest priority (or possibly not addressed in RAN2), depending on RAN1 progress:

•
Intra-cell NR-U mobility (beam level mobility) 

Proposed way forward for mobility scenarios, and suggested TP
RAN2 should further discuss whether or not to include intra-cell NR-U mobility in the list of scenarios to consider for mobility.
RAN2 should agree to the following TP to a new section 7.2.2.X in [12] to capture consensus on Q1 (note: the first paragraph is taken from [3] and seems proper for completeness):

	For non-standalone deployments of NR-U, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR).

For standalone deployments of NR-U, the following mobility scenarios shall be supported:

-
Inter-cell handover between NR-U and NR-U;

-
Inter-cell handover between NR-U and NR.
In addition, the following mobility scenarios should be supported, possibly with lower priority:

· Inter-RAT handover between NR-U and LTE connected to EPC;

· Inter-RAT handover between NR-U and LTE connected to 5GC.


2.2 Challenges for Mobility for NR-U
As a second step, RAN2 should discuss and agree to mobility-related challenges, i.e. mainly introduced by ensuring fair channel access across devices possibly operating according to different technologies, such as when using Listen-Before-Talk (LBT), for the relevant mobility scenarios for NR-U.

Based on a survey of contributions [2-11] submitted to RAN2#103, challenges to consider for NR-U may include the following:

1) Transmission uncertainty for reference signals due to LBT
Baseline NR RRM measurements are based on NR-SS and CSI-RS. Due to LBT, the UE may have fewer samples to measure on. It may be expected that similar reference signals such as the Discovery RS (DRS) used in LAA will be supported in NR-U (RAN1 issue) [2]

 REF _Ref523905365 \r \h 
[3].
The impact of LBT for the transmission of reference signals from the network may lead to less accurate (if too few samples) and/or delayed UE measurements and event triggers.

Additional and varying delay between a reduced number of measurement samples than for NR-licensed may result in an increase in RLF rate for NR-U compared to NR-licensed.

Question 2.1: 
Do you agree that one NR-U specific mobility challenge is the impact of LBT on the transmission of reference signals for mobility-related measurements?

	Company
	Response
	Additional Comments

	Name
	Yes / No
	If negative response, companies may include e.g. further motivations.
If positive response, companies may include e.g. expected consequences. 

	Nokia
	Yes
	

	LG
	Yes
	We think that RAN1 should make progress on this aspect before RAN2 works on it.

	Charter Communications Inc.
	Yes
	

	Intel
	Yes
	RAN1 has already started discussion on this to overcome impact of LBT and has looked into various alternatives to transmit sample dropped due to LBT failure (e.g. shift SSBs in time to the next TX instance etc.). RAN2 can wait for RAN1 to progress on this and RAN 4 on the measurement performance to decide whether any impact to RAN2.

	MediaTek
	Yes
	

	HW
	Partially Yes
	We agree that LBT will impact the transmission of reference singals. However we think this impact should be transparent to RAN2 and should be handled in RAN1/RAN4. Actually in last meeting, we already achieved this kind of agreement for idle/inactive measurement. 

=>RAN2 assumes that the impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications. RAN2 assumes this is studied by RAN1/RAN4 if needed
For connected mode measurement, we also think similar principle applies, i.e., PHY only delivers valid measurement sample to RRC and how to handle the LBT impact is up to RAN1. 

	OPPO
	Yes/but
	But not only on the transmission of reference signals for mobility-related measurements, but also on the RACH for the target cell. Maybe the enhancements to RACH on NR-U can be taken into account to improve the HO performance, but other means for example, RACH-less based HO can also be taken into account.

	ITRI
	Yes
	

	vivo
	Yes
	

	Ericsson
	Yes
	

	Panasonic
	Yes
	Agree with LG that RAN1’s progress on this issue has significant impact to RAN2’s discussion.

	Kyocera
	Yes
	However, the decision on which RS to use for RRM and the impact of reduced number of measurement samples should be decided by RAN1.

	ZTE
	Partially
	We agree that a reduced number of measurement samples compared to NR-licensed band may result in an increase in RLF rate.
But the beam blocked due to LBT failure can be seemed as the overload and unavailability in this direction, similar to the beam blocked case due to fast fading in NR. So the handling of missing measurement samples for RSRQ and RSRP should be consistent with the handling of beam blocked in NR.

	Samsung
	Needs more study.
	We understand and agree that missing RS due to LBT failure needs to be studied. However, so far we are not sure how UE can detect RS reception failure due to LBT. Maybe UE cannot distinguish measurement of missing RS due to LBT failure and measurement of transmitted RS with poor channel quality. In LTE, even if the RS is not detected, higher layer didn’t care how to handle such missed sample. 

	Apple
	Yes
	Since RAN1 already took this into accnount, we could wait for the progress in RAN1 and also the performance evaluation in RAN4.

	InterDigital Inc.
	Yes
	

	
	
	


Possible consensus for the challenge to the transmission of reference signals for NR-U:

Most companies seem to agree to the description of the challenge.
Most companies expect RAN2 to evaluate the impacts of RAN1’s decision about which RS to use and the number of measurement samples, where a subset of those companies thinks this should wait once further progress is made in RAN1. Some companies mentioned that it may be challenging to distinguish between a missing RS (not transmitted due to LBT) and a transmitted RS with poor channel quality / beam blockage.
Proposed way forward and suggested TP describing the above challenge:
RAN2 should agree to the following TP to the new section 7.2.2.X in [12] to capture consensus on Q2.1:
	· Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and CSI-RS transmission opportunities due to LBT failure.


2) Mobility performance degradation with increasing load / channel occupancy on serving carrier

Baseline NR mobility triggers do not consider channel occupancy in the source cell. Channel occupancy and load in the unlicensed serving carrier frequency may be dependent on other devices, of possibly different technologies.

Increased channel occupancy and load in the serving carrier could result in a sufficient condition for a UE to perform a mobility event despite measurements that may not alone trigger a measurement report.

Question 2.2: 
Do you agree that the impact of increasing channel load in the unlicensed carrier frequency is a NR-U specific challenge for measurements report triggering?

	Company
	Response
	Additional Comments

	Name
	Yes / No
	If negative response, companies may include e.g. further motivations.
If positive response, companies may include e.g. expected consequences.

	Nokia
	No
	If the question is whether increasing channel load should trigger a measurement report our answer is “no”, because we think that periodic CO reporting will be sufficient.
If the question is whether increasing channel load is a challenge in unlicensed, and could lead to mobility, we remind that this can be seen also in periodic reporting. Channel load in itself is not a challenge for report triggering, as the question suggests.

	LG
	Yes
	Periodic reporting of channel occupany could be configured for NR-U. In addition, we could consider channel occupancy as new trigger quantity.

	Charter Communications Inc.
	Yes
	It is our understanding that even though periodic or triggered measurement reports could be used an indication for gNB to perform a mobility event, either the transmission of the such measurement report(s) itself or the resulting gNB’s decision (e.g. Handover Command) could be subject to LBT delays. Therefore, we believe that criteria additional to UE-reported RSSI and Channel Occupancy Ratio (CR) (defined for LTE LAA and identified as beneficial for NR-U in RAN1) e.g. number of failed LBT attempts, a time-based measurement reporting failure etc could prove beneficial to the specific challenges present for NR-U transmissions.

	Intel
	Yes
	RAN2 has agreed that channel load should be reported in RAN2#July Ad-hoc:

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

Whether channel occupancy and load should be a measurement report trigger on its own or as a measurement piggybacked on the existing measurement report trigger (e.g. Event A3) had been discussed in previous meeting and it was thought that it can be discussed in the Stage 3/WI phase depending on the deployment scenarios.

	MediaTek
	Yes
	There may be some benefit in triggering measurement reporting as a function of channel load

	Huawei 
	No 
	We share the same view as Nokia, we don’t think increasing channel load should be a trigger for measurement report as there is no clear benefit and we don’t have such kind of trigger in LTE LAA. Also channel occupancy is defined as the percentage of measurement samples that RSSI value is above a threshold which is for hidden node detection. Upon reception of this, it is up to the NW implementation whether to take it into consideration for mobility. But there is no need to take it as a challenge for report triggering 

	OPPO
	Yes
	We basically agree with Intel

	ITRI
	Yes
	We share the same view as Intel that this can be discussed in the Stage 3/WI phase depending on the deployment scenarios.

	Vivo
	No
	We consider that the channel load can be piggy-backed with other measurements, e.g. RSRP/RSRQ. Only using the channel load to determine the handover may not be proper.

	Ericsson
	Yes
	An increasing channel occupancy and RSSI may lead to the gNB deciding to handover to a less occupied cell. It may therefor be beneficial to add triggers for measurement reporting on channel occupancy and RSSI measurements. 

	Panasonic
	Yes
	At least similar to LTE-LAA, there can be new triggereing events (V1/V2) based on the channel occupancy.

	Kyocera
	Yes
	Agree with Intel

	ZTE
	Partially Yes
	It is beneficial to support event-triggered report of RSSI and channel occupancy to discover the heavy interference timely.

But it is not necessary to introduce any new triggering criteria to combine RSRP, RSRQ, RSSI and channel occupancy into an event.

	Samsung
	No
	Load of the unlicensed channel is extremely difficult to predict and we are not sure the unlicensed channel load would increase ‘linearly’ like path-loss. If there is large amount of buffer to be transmitted, it will just happen along with LBT. There would be no possible measurement which can predict such transmission to happen

	Apple
	No
	If this question is about whether channel load status should be considered as a factor to trigger mobility, we think it’s not necessary for now.

	InterDigital Inc.
	Yes
	We agree with Ericsson. Channel Occupancy in combination with RS measurements (RSRP/RSRQ) may enable efficient mobility decisions. It is not clear if periodic CO reporting provides timely enough information to trigger a mobility event. Means to trigger CO reporting either piggybacked or standalone should be considered.

	
	
	


Possible consensus for challenges related to channel load for mobility to consider for NR-U:

11 companies seem to think that increasing channel load may be a challenge related to mobility, such that it may be beneficial to consider it in the mobility decision. 5 companies seem to think that it may  not be a challenge as it is either already visible in periodic CO reporting, that channel load may be difficult to interpret (or predict), or that is no a necessary factor for mobility.
Proposed way forward and suggested TP describing the above challenge:

RAN2 should agree to the following TP to the new section 7.2.2.X in [12] to capture consensus on Q2.2:
	· Modifications to mobility-related measurements and/or triggers considering limitations related to high channel occupancy. NR-U needs to develop techniques to handle increased interference levels in the unlicensed channel for mobility-related decisions.


3) Additional delay for control plane signalling for the handover procedure due to LBT
Baseline NR mobility procedures are based on the UE’s measurement and event trigger configuration for initiating the transmission of a measurement report, and on the reception of a RRC Connection Reconfiguration with reconfigurationWithSync IE i.e., handover command to initiate a change of serving cell.

LBT may however add latency to the transmission of the UE’s measurement report and/or to the time of reception of the handover command by the UE, thereby increasing the probability that the UE fails to perform the handover procedure before it determines that a radio link failure has occurred.
More specifically, the impact of LBT for mobility-related procedures is a possible increase in transmission latency for the control plane signalling for measurement reports in the uplink and for the handover command in the downlink.
Additional delay to mobility-related control plane signalling due to LBT may result in an increase in RLF rate for NR-U SA compared to NR-licensed.
Question 2.3: 
Do you agree that one NR-U specific mobility challenge is the impact of LBT on the transmission latency of the control plane signalling for mobility-related procedures?

	Company
	Response
	Additional Comments

	Name
	Yes / No
	If negative response, companies may include e.g. further motivations.
If positive response, companies may include e.g. expected consequences.

	Nokia
	Yes
	Note that this does not mean that the solution should be NR-U specific.

	LG
	Yes
	

	Charter Communications Inc
	Yes
	

	Intel
	Yes
	Improving the latency/robustness are challenge that are generally faced by mobility related procedures. For NR-u, the latency are further affected by LBT delay, other than the latency incur via sending the measurement report, the network delay and the transmission delay in sending the handover command. Hence techniques studied for licensed NR to improve latency/robustness in mobility in Rel-16 WI (i.e. mobility enhancement WI) can also be used to improve the latency for NR-u. There is no need to replicate the work here.

	MediaTek
	Yes
	

	Huawei
	Yes
	We share the same view as Intel. 

	OPPO
	Yes
	

	ITRI
	Yes
	

	vivo
	Yes
	

	Ericsson
	Yes
	We think methods to mitigate these delays should be investigated. 

	Panasonic
	Yes
	

	Kyocera
	Yes
	

	ZTE
	Yes
	RAN#81 has agreed that solutions overlapping with the NR mobility WI will be handled in the NR mobility WI, so, NR-U could follow the research of NR.

	Samsung
	Yes
	Obviously this is one of the main reason that may induce increased latency, in case the unlicensed channel is occupied.

	Apple
	Yes
	

	InterDigital Inc.
	Yes
	We think that the robustness and latency of the NR-U mobility procedure should be comparable to the baseline NR mobility. Even though NR mobility enhancements could benefit NR-U, any enhancement that are identified to be specific to NR-U should be investigated.

	
	
	


Possible consensus for the challenge related to latency for control plane signalling for NR-U:

Most companies seem to agree that transmission of mobility-related control plane signalling may be challenging in NR-U due to LBT, in terms of latency and reliability.
Proposed way forward and suggested TP describing the above challenge:

RAN2 should agree to the following TP to the new section 7.2.2.X in [12] to capture consensus on Q2.3:
	· Modifications to mobility-related procedures and/or triggers considering limitations related to the transmission of control plane signalling due to LBT. NR-U needs to develop techniques to handle additional delays to the transmission of measurements reports in the uplink and/or to the transmission handover commands in the downlink due to LBT failure.


4) Additional handover delay due to LBT during the random access procedure in the target cell.

Baseline NR random access procedure may require one LBT per message. The impact of LBT may thus be additional delay for the transmission of each message for the random access procedure.

Additional delay to the transmission of the preamble, MSG2, MSG3 and MSG4 for random access due to LBT may increase the access latency (and possibly T304 expiry) for NR-U SA compared to NR-licensed.

Question 2.4: 
Do you agree that one NR-U specific mobility challenge is the impact of LBT on the overall latency of the random access procedure in the target cell?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	If negative response, companies may include e.g. further motivations.
If positive response, companies may include e.g. expected consequences.

	Nokia
	Yes
	Note that this does not mean that the solution should be NR-U specific.

	LG
	Yes
	Using 2-step RACH would be beneficial to overcome this challenge in transmission of handover complete at a target cell.

	Charter Communications Inc
	Yes
	

	Intel
	Yes
	Again, reducing the latency of random access procedure to reduce interruption is a challenge that is also faced by licensed NR. Hence again it is not unique to NR-u. Latency due to LBT impact is just another factor to consider in the case of NR-u.  To use 4-step CBRA for mobility, there is a need the study mechanism to overcome the transmission delay of each Msg due to LBT. RAN2 should also study 2-step CBRA which reduces the number of LBT but the mechainsim should be common to both licensed and unlicensed operation.

	MediaTek
	Maybe
	The use of CFRA will reduce latency impact. But we expect LBT will impact handover interruption time.

	Huawei
	Yes
	I think that’s the motivation we would like to have 2-step RACH. 

	OPPO
	Yes
	

	ITRI
	Yes
	

	vivo
	Yes
	

	Ericsson
	Yes
	A 2-step RACH procedure may help when contention free RACH is not possible. 

	Panasonic
	Yes
	Although this impact can be relieved by using the 2-step RACH.

	Kyocera
	Yes
	

	ZTE
	Yes
	The enhancement of four step RACH is NR-U specific. But the two step RACH is also applicable for NR.

	Samsung
	Yes
	As an example, four-step RACH requires also four successful LBT which induce the increased latency. 

	Apple
	Yes
	

	InterDigital Inc.
	Yes
	

	
	
	


Possible consensus for challenges related to random access due to LBT for NR-U:

Most companies seem to agree that transmissions related to the random access procedure may be challenging in NR-U due to LBT, in terms of additional latency to the procedure. This is already reflected in section 7.2.1.3.2 of TR 38.889 v0.1.0 [12].
Proposed way forward and suggested TP describing the above challenge:

Additional text may not be necessary to reflect the challenge to random access for Q2.4.
5) Additional challenges.
Question 2.5: 
Is (are) there other NR-U specific challenge(s) to the mobility-related procedures that should be considered for connected mode for NR-U (e.g. PCI collision [5], etc.)?

	Company
	Response
	Additional Comments

	Name
	Yes / No
	If positive response and/or to describe additional challenges. 

	MediaTek 
	Yes
	(1) For inbound mobility, how is the UE expected to find a cell?

(2) How to avoid PCI collisions?

(3) How to avoid PCI confusion?

	Kyocera
	Yes
	We should also consider the challenges in RRC Re-establishment procedure in case of HOF and RLF.

	ZTE
	Yes
	Since LBT failure causes the delay of control plane, the enhancement could be considered, such as SRB duplication in RRC.

	Apple
	Yes
	PCI confusion should be considered in mobility.

	
	
	


Possible consensus for mobility scenarios to consider for NR-U:

2 companies (Mediatek and Apple) think that PCI confusion is a further challenge for NR-U. One company (ZTE) reiterates the challenge related to control plane latency while mentioning a possible solution (duplication).
Rapporteur’s note: Kyocera’s comment is probably better addressed in the RLM/RLF part of the discussion for AI 11.2.2.2 at RAN2#103bis.
Proposed way forward and suggested TP describing the above challenge:

RAN2 should further discuss the specific challenge related to PCI collision/confusion for mobility.
2.3 Possible Solutions Specific to NR-U
As a third step, RAN2 should discuss possible solutions that are specific to NR-U that may address any of the identified mobility-related challenges. Each solution should be described including their potential benefit.

Question 3: 
What NR-U specific solutions should be considered in light of the above mobility scenarios and list of challenges? 

	Company
	Solution
	Additional Comments

	Name
	Solution name, (if any).
	Please briefly describe the solution, its benefits and which challenge it addresses. 

	LG
	New trigger/reporting quantity
	Channel occupancy can be considered as new trigger quantity e.g. for A1, A2 and A4, and report quantity for periodic/event-triggered reporting.

	MediaTek
	Channel occupany metrics
	The use of channel occupany and RSSI, as well as additional metrics (e.g., WLANs detected in the vicinity) that can help the gNB take improved handover decisions needs to be investigated.

	Ericsson
	Conditional handover measurements

2-step RACH
	The gNB can provide the UE with measurement configuration that triggers an earlier report compared to normal operation, and the gNB can then prepare a conditional handover for the UE and send the conditional handover to the UE. gNB may also blindly configure a conditional HO where the trigger may be RSSI/CO. If the conditions in the UE are fulflled, the UE can execute the prepared handover to a new cell. As these conditions may be on measurements that are specific for NR-U, we think we need to investigate them in this study item. 
The 2-step RACH may help when contention free RACH is not possible.

	ZTE
	a mechanism to trigger fast carrier switch 
	The missing transmission of RS may happen frequently, which means that gNB has little chance to serve UE and send a handover command. It is too late for UE to trigger RRC reestablishment via legacy RLF procedure.

UE could switch to other carriers in order to reduce the latency through a fast switching mechanism.

	Apple
	SIB1 reading during RRM measurement
	In order to solve the PCI collision issue, we could have UE read SIB1 during RRM measurement or during TTT to acquire PLMN info of target cell. 

	InterDigital Inc.
	NR-U specific triggers for:

a) measurement reporting
b) Conditional Handover 
	We agree with Ericsson regarding measurements. In addition, we think that:
Triggers based on channel occupancy for transmission of a measurement report should be considered.

Triggers specific to NR-U to apply a stored RRC reconfiguration should be considered. Such triggers may include channel occupancy measurements, maximum number of LBT failures, or failure to transmit a measurement report within a time period.

	
	
	


Possible consensus for describing NR-U specific aspects of possible mobility-related solutions:
4 companies seem to think that NR-U specific measurement quantities using channel occupancy and RSSI are possible solutions to investigate in this study item. 3 companies further think that NR-U specific mobility (e.g., reporting, or conditional handover) trigger using channel occupancy and RSSI RSSI are possible solutions to investigate in this study item. In addition, one company proposes to investigate solutions for PCI collision and another one proposes to investigate UE-autonomous change to a different carrier as a possible alternative to the RRC re-establishment procedure. At a high-level, the list of possible NR-U specific solutions to consider in this study item may be as follows:
· New reporting quantity (periodic/event-triggered): channel occupancy and RRSI, WLAN detection;
· New reporting trigger: channel occupancy (e.g., A1/A2/A4);

· New mobility condition: channel occupancy and RSSI;

· New UE-autonomous cell/carrier change mechanism;

· New SIB1 acquisition mechanism.
Proposed way forward and TP describing NR-U specific aspects of mobility:
RAN2 should agree to the following TP to the new section 7.2.2.X in [12] as a baseline to capture the list of possible NR-U specific solutions space:

	Potential modifications to the measurement reporting quantities, to the measurement reporting triggers and to the condition used by the UE when delaying the time at which it applies a reconfiguration for mobility that are based at least on channel occupancy and RSSI should be identified and studied.


RAN2 should further discuss additional text for re-establishment and PCI collision, if RAN2 agrees that those represent a challenge for NR-U based on previous questions.
3 Summary of Discussions and Proposed Way Forward

This contribution provides a summary of all comments received during the email discussion.

Companion contribution R2-1814024 [15] includes the resulting text proposal to TR 38.889v0.1.0. The TP is also included in section 4 for convenience.

RAN2 should discuss and agree to the following proposed way forward which tries to capture some form of possible consensus based on the received feedback: 

Proposal 1:
Agree to the TP in section 4 for the new section 7.2.2.X in TR 38.889 [12].

Proposal 2:
Agree that existing text in section 7.2.1.3.2 of TR 38.889 [12] is sufficient for the challenge related to random access.

Proposal 3:
Further discuss whether or not to include intra-cell mobility to the list of mobility scenarios to consider for NR-U in section 7.2.1.3.2 of TR 38.889 [12].

Proposal 4:
Further discuss the specific challenges related to PCI collision/confusion for mobility in NR-U and how to identify NR-U target cell(s).

If any additional text is deemed useful to capture outcome of further discussions based on the above, the rapporteur can volunteer to provide such upon request.

The text proposal for TR 38.889 [12] corresponding to the above can be found in section 4. Guidance from chairmanship further stated that a TP should “not contain recommendations for the use/non-use of specific solutions that will (tentatively) be addressed in the NR mobility WI” but however that “NR-U specific adaptations of any solution can of course be discussed in the NR-U SI”.
4 Text Proposal to TR 38.889 v0.1.0
/// Unmodified text not included
/// Start of proposed changes
7.2.2
Higher layer aspects
7.2.2.X

Control Plane Impacts
7.2.2.X.1

RLM/RLF and Mobility (conn mode)Connected Mode Mobility
For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR).

For standalone NR-U deployments, the following mobility scenarios shall be supported:

-
Inter-cell handover between NR-U and NR-U;

-
Inter-cell handover between NR-U and NR.

In addition, the following mobility scenarios should be supported, possibly with lower priority:

· Inter-RAT handover between NR-U and LTE connected to EPC;

· Inter-RAT handover between NR-U and LTE connected to 5GC.

For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signalings due to LBT failure.
The following modifications to mobility-related procedures have been identified as beneficial:

· Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and CSI-RS transmission opportunities due to LBT failure.

· Modifications to mobility-related measurements and/or triggers considering limitations related to high channel occupancy. NR-U needs to develop techniques to handle increased interference levels in the unlicensed channel for mobility-related decisions.

· Modifications to mobility-related procedures and/or triggers considering limitations related to the transmission of control plane signalling due to LBT. NR-U needs to develop techniques to handle additional delays to the transmission of measurements reports in the uplink and/or to the transmission handover commands in the downlink due to LBT failure.

Potential modifications to the measurement reporting quantities, to the measurement reporting triggers and to the condition used by the UE when delaying the time at which it applies a reconfiguration for mobility that are based at least on channel occupancy and RSSI should be identified and studied.
.
7.2.2.X.2

RLM/RLF

7.2.2.X.3

Other
/// End of proposed changes
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