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Introduction
This is the report of email discussion:

[105bis#16][NR/mob enh] Interruption time definition (Samsung)
To define an interruption time definition that we can use in our analysis, as discussed in the meeting
Intended outcome: Report to next meeting
Deadline:  Thursday 2019-05-02
 
In this email discussion, we focus on discussing the different definitions available for interruption time, and to arrive at a consensus on which of these definitions is to be considered as baseline for mobility enhancement WI.
Discussion
The definition of interruption time has been captured in different references and there is no common understanding on which of these definitions need to be considered while developing solutions for release 16 mobility enhancement work items. Below are the different references to interruption time definition
Definition 1.  During the study of latency reduction techniques for LTE [1], the handover interruption time was defined as below
‘The interruption time is defined as the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. Interruption time includes target cell search, UE processing time for RF/baseband retuning, derive target eNB specific keys, configure security algorithm to be used in target cell, RACH procedure related (uncertainty delay to acquire RACH opportunity followed by PRACH preamble transmission.’
Definition 2.  During the same study [1], a service interruption time was also defined
‘Service interruption time in handover can be defined as the duration between the time when UE stops transmission/ reception with the source eNB and the time when target eNB resumes transmission/reception with the UE.’
Definition 3.  LTE release 14 RRM specification [2] defines the interruption time as 
‘The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH or on the new PUSCH.’
Definition 4. [bookmark: OLE_LINK1] During NR study phase [3], mobility interruption time is defined as 
‘Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.’
Definition 5.  NR release 15 RRM specification [4] defines the interruption time as
‘The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay’
Definition 6. [bookmark: OLE_LINK2] As per ITU requirements for IMT-2020 [5], mobility interruption time is defined as
‘Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.’
Assessing the contributions submitted towards mobility interruption time reduction for NR mobility enhancements, it has been observed that companies have different assumptions on mobility interruption time definition. It is noted that definition 4 and definition 6 are similar. Among the contributions where mobility interruption time has been explicitly mentioned, it is seen that few companies assume definition 4 [6][7][8][9], whereas few others assume definition 2 [10][11]. Therefore, it is clear that RAN2 does not have a common understanding on the definition of mobility interruption time and we need to arrive at a consensus in order to better evaluate the solutions proposed for reducing interruption time during mobility.
As discussed above, there are several definitions available for interruption time. We need to converge to a common definition that RAN2 considers as baseline in release 16 WI. 
Q1. In companies view, which of the available definition of mobility interruption time is preferred? Companies are invited to provide their input in the following table:
	Company's name
	Definition to consider
	Company's additional inputs

	ZTE
	2/4/6
	In our opinion the above six definitions can be classified into 2 types:
· Type1 ("handover" interruption time): 1/3/5
· Type2 ("user plane" interruption time): 2/4/6
Type1 doesn’t consider the possible user plane data interruption caused by random access in the target cell. So Type2 definitions (i.e. 2/4/6) seem more useful.

	DOCOMO
	2/4/6
	We understand the 0ms mobility interruption time is based on u-plane data transmission. 

	Ericsson
	4, 6
	Defintions 4 and 6 capture what we are aiming for but it might be good to consider UL and DL separately.

	Mediatek
	4/6
	Definition 2/4/6 defines the interruption from the aspect of user plane data; definition 1/3/5 defines the interruption from the aspect of physical layer transmission, which doesn’t include the RRC processing delay and the time duration for random access procedure. The target of the WI is to minimize the user plane data interruption during HO. Definition 4/6 is proper. The term ‘transmission/ reception’ in Definition 2 is too general and unclear, which can be physical layer transmission or user plane data transmission. Furthermore, it implies that resuming data transmission with the target side always performed after stopping data transmission with the source side. 

	Intel
	4/6
	Same view as Mediatek. For definition 2, the meaning of “transmission/reception” is not unclear. So 4/6 is more proper. 

	Qualcomm
	2/4/6
	The 1/3/5 are similar to what is used in RAN4 requirements. As the UE is expected to exchange data during RACH at target in Rel-16 enhancements, they are not suitable for RAN2 evaluations. It will be better to define a start and end of the interruption and, because of that, Option 2 will be a better baseline. We can clarify what layer data transmission is referring to (it should be physical layer). We should also distinguish between UL and DL and define them separately.

	Samsung
	4/6
	RAN2 work should focus on user plane interruptions, both DL and UL, during mobility 

	OPPO
	2/4/6
	2/4/6 defines the user plane data interruption time which is more proper for 0ms interruption reduction.

	CATT
	4/6
	We think the interruption time definition should be for the user plane data transmission and should be an indication of the perceived quality.

	Xiaomi
	6
	We should focus on user plane interruption reduction

	vivo
	4/6
	We consider that both the user plane data transmission interruption and the interruption due to RF retuning should be considered.

	LG
	2/ 4/ 6
	We think that the definition 1/ 3/ 5 are not much related to user data interruption time.

	Apple
	2/4/6
	Mobility interruption time should be the user plane interruption time 2/4/6. It is useful to distinguish UL and DL. 

	Huawei, HiSilicon
	4, 6
	User experience is impacted by user plane data interruption. Therefore, definitions 4, 6 are useful. Definition 4, 6 represent the requirement of minimum HO interruption achievable by a system. In fact definition 4 is the same as 6 which is really the ITU definition. 

	Vodafone
	2, 4, 6
	2 definitely, 4:is also a valid definition but from service perspective, 6: also portrays a very similar concept


	Sony
	2/4/6
	We also share the view that the interruption should be related to the user plane. 

	ITRI
	4/6
	We understand the objective of the WI is to reduce “user plane” interruption (Definition 2/4/6) and share the same view with Mediatek and Intel that ‘transmission/ reception’ in Definition 2 is unclear. So we think Definition 4/6 is more proper.

	Nokia
	4/6
	We aim at reducing the interruption time on user plane. Definition 2 is not clear with respect to the type of message (user data or control signaling) that is transmitted or received. 


Summary to Q1:
19 (separately considering HiSilicon) companies participated to the email discussion. 8 Companies think definitions 2/4/6 should be considered. 10 companies think definition 4/6 should be considered. One company thinks definition 6 should be considered. Given that definition 4 and 6 are same, which is considered by all companies the following definition is recommended to be considered for the protocol design.
Proposal#1: Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.   
Need for reducing mobility interruption
[bookmark: OLE_LINK5]The key motivation in reducing interruption during mobility is to provide a better and seamless quality of service to the user i.e. the user service/ application is not interrupted (e.g. no buffering delay or no jitter problems) due to mobility. Do companies agree that the intention of reducing mobility interruption time is to provide better QoS for user during mobility
option A : Intention is provide seamless service to user during mobility
option B : Some other intention (please indicate in the Company additional inputs column)
Q2: In companies view, what is the intention of interruption time reduction? Companies are invited to provide their input in the following table:
	Company’s name
	Option to consider
	Company’s additional inputs

	ZTE
	option A
	[bookmark: OLE_LINK6]What really matters in the end is the experience from the user service/application perspective.

	DOCOMO
	Option A
	Agree with ZTE’s view

	Ericsson
	Option A
	Same comment as ZTE.

	Mediatek 
	Option A
	Agree with ZTE that the intention is to provide better user experience during HO. 

	Inter 
	Option A
	Agree with ZTE. 

	Qualcomm
	Option A
	However, we should be careful with the word “seamless” since it is used in different contexts by different groups, e.g. for SA2, this means IP preservation. If the intention is to differentiate service layer here, we can say that “the goal is to minimize or eliminate the data interruption at the service layer due to handover”

	Samsung
	Option A
	Same view as other companies as above

	OPPO
	Option A
	Agree with ZTE.

	CATT
	Option A
	It should be an indication of perceived quality.

	Xiaomi
	Option A
	Agree with other companies

	vivo
	Option A
	It seems different companies could have different interpretation on what the “seamless” means. 

	LG
	Option A
	Providing seamless service should be the most priority to reduce interruption time.

	Apple
	Option A
	“Seamless service” here means UE will not perceive the impact of the data transmission due to handover. 

	Huawei, HiSilicon
	  option A
	From RAN2 perspective, we should do our best to improve the user experience at air interface.

	Vodafone
	Option A
	Uninterrupted service, such as uninterrupted flow of data during what may be interruption period 
Furthermore resumption of the same service QoS flow after the reestablishment of the signal with the network
The resumption of control signalling and flow of data after reestablishment of the connection 

	Sony
	Option A
	

	ITRI
	Option A
	The intention of reducing interruption time is to improve user experience during mobility.

	Nokia
	Option A
	



Applicability of interruption time during mobility
If the answer to Q2 is option A, then it is important to understand the area where interruption reduction work has to focus. The mobility interruption can be interpreted as one of the following:
option A : Radio level interruption
option B : Application/ service level interruption
Q3: In companies view, what is the interpretation of interruption time? Companies are invited to provide their input in the following table:
	Company’s name
	Option to consider
	Company’s additional inputs

	ZTE
	option A
	Although we agree that the goal is to provide seamless handover from the service level/ application perspective, we think that means to reduce the application/ service level interruption are probably outside the scope of RAN2 and then it’s fine to focus mainly on the radio level interruption time in this WI. 

	DOCOMO
	 Option A
	Application/service level interruption is out of RAN2 scope.

	Ericsson
	Option A
	The interruption time on the application level is what matters (i.e. opion B), however since we don’t have any knowledge of the application or traffic pattern it will be very difficult to evaluate different solutions with this metric. So therefore we suggest to focus on the interruption on the radio level even though it is not ideal.

	Mediatek 
	Option A
	Application/ service level interruption is out of RAN2 scope and hard to be evaluated by RAN2. Reduction in radio level interruption can help to reduce the interruption over application/service level.

	Intel 
	Option A
	The ITU requirement on mobility interruption is defined from RAN level instead of service level although the purpose is to reduce the interruption time for service. From RAN perspective, we should focus on RAN level which is under our control. 

	Qualcomm
	Option A
	RAN2 should focus on Option A since applications and services are not within RAN2 domain. On the other hand, we should also note that a RAN level interruption will not necessarily introduce service level interruption. It is not clear that ITU definition is for RAN level and thus such differentiation between handover and service interruption can become relevant for ITU discussions.

	Samsung
	Option A
	Same view as ZTE

	OPPO
	Option A
	Application/service level interruption time is out of RAN2 scope and we should first focus on radio level interruption.

	CATT
	Option A
	We think that interruption reduction is to aim at improving the perceptual quality. However RAN2 work should target for the radio level interruption reduction. If radio interruption is reduced, that would also improve the perceptual quality in return.

	Xiaomi
	Option A
	Application level interruption is out of 3GPP scope. We can only reduce radio level interruption.

	vivo
	Option A
	We should focus on the RAN level interruption of PDSCH/PUSCH transmission including data (i.e. PDCP SDU).

	LG
	Option A
	Agree with ZTE

	Apple
	Option A
	Same view as ZTE

	Huawei, HiSilicon
	  option A
	The ITU 0ms requirement is on “…a user terminal cannot exchange user plane packets with any base station.” It is clearly a radio level interruption requirement which shall be met by the NR system.  RAN2 should follow the ITU requirement, adopt ITU definition on 0ms interruption, and be focused on minimize the radio level interruption. 

	Vodafone
	Option A
	We agree with other companies that Radio signal interruption may must be minimized in order to provide uninterrupted service to the User. However as a side note, some applications are more susceptible to break in service and flow and may not reestablish service after a break. Our effort should be focused on minimization of radio signal loss.

	Sony
	Option A
	

	ITRI
	Option A
	Agree that application/service level interruption is outside the scope of RAN2 and the ITU requirement on mobility interruption is defined from radio level.

	Nokia
	Option A
	In RAN2, we can only focus on the interruption time in RAN. Interruptions caused by upper layers or other factors are outside of RAN2 scope.



Summary to Q2 and Q3:
All companies agree with the design goal to reduce interruption time at radio level during mobility to improve user experience at service/application layer.
Proposal#2: RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
Impact of radio level interruption time 
If the answer to Q3 is option A (radio level interruption), it is imperative to understand the impact of radio level interruption to the quality of service experienced by the user. Assuming that it is possible to achieve 0 ms interruption at radio level but if there is a few additional ms of interruption/ delay at the radio level would there be visible (i.e. user perceivable) interruption to the user application/ service? Therefore, it is useful to decide if the below options have significant impact compared to the other and which one of these options is considered as design objective for the mobility WI.
option A : Target 0 ms radio level interruption during mobility
option B : Target close to 0 ms (few ms e.g. less than 5 ms) radio level interruption
Q4: In companies view, what is the degree of interruption time preferred and acceptable? Companies are invited to provide their input in the following table:
	Company's name
	Option to consider
	Company's additional inputs

	ZTE
	option B
	[bookmark: OLE_LINK7]As indicated for Q2, what really matters in the end is the interruption from the user service/application perspective. Considering this, a minor interruption at radio level would not be perceived at the service/application level.
 
Furthermore, even if we design a solution to achieve 0 ms interruption at radio level, it would not be perceived as a "0 ms interruption" at service/application level. For instance, even if the UE keeps data reception with the source and the target, it’s very likely that the first packets received from the targets are duplicated. The duplicated packets would be discarded by PDCP and at the service/application level this would be perceived as some kind of interruption at radio level. Similarly, for the uplink, even if the UE keeps data transmission with the source and the target, uplink data can only be delivered to the UPF from one RAN node, either the source node or the target node. The data forwarding delay over the Xn interface would anyway be perceived as some interruption at the service/application level at the end.

In addition, even without handover, it should be noted that the network is not expected to schedule the UE in every slot/ subframe with 0 ms interruption, thus it does not really make sense to target a strict 0 ms radio level interruption during handover. 

	DOCOMO
	Option B
	We think it is difficult to achieve the absolute 0ms interruption (like hardware limitation), the goal is to reach 0ms interruption as close as possible.

	Ericsson
	Option B
	There are extremely few applications where a <5 ms interruption is noticeable. Also agree with ZTE that there are other aspects that impact the user perceived interruption besides the radio level interruption, e.g. data forwarding and duplicated PDCP PDUs.

	Mediatek 
	Option A(and option B)
	This questions determines what kind of UE capability is taken as assumption and starting point to design the protocol and procedures. 0ms interruption during HO over radio level is needed at least for URLLC. If UE is capable of supporting simultaneous Tx/Rx with both the source cell and the target cell, 0ms interruption over radio level can be achieved. But if we target to close to 0ms interruption and the design the protocol/procedures based on such assumption, it is very likely that UE capable of supporting simultaneous Tx/Rx with the source cell and target cell can’t get the full benefit to minimize the HO interruption to 0ms. 
A common solution which can enable all types of UE with different capabilities to minimize the HO interruption is preferred. Therefore, if UE is capable of supporting simultaneous Tx/Rx, 0ms interruption can be achieved; otherwise, the HO interruption can be minimized close to 0ms. 

	Intel
	Option A
	Agree with Mediatek. For the UE who can support simultaneous connectivity, 0ms should be the target. Otherwise close to 0ms. 

As mentioned in TR38.913”Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.The target for mobility interruption time should be 0ms. “ This is also the ITU requirement. We do not think RAN2 should abandon the requirement from SI and ITU.
In addition, as described in the WI, “However, there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios.”, therefore we think there is real requirement on this.


	Qualcomm
	Both
	The target should be 0ms, which is also captured in the justification for this WI. However, as already communicated by RAN1 and RAN4, this is not feasible in all deployment scenarios (e.g. async intra-freq). So RAN2 goal should be to target 0ms when feasible (for which RAN4/RAN1 indicated to be possible) and to minimize it as much as possible when not. 

	Samsung
	Option B
	Share same views as ZTE and Ericsson

	OPPO
	Option A and B
	Agree with Mediatek and Intel.  
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The target of radio level interruption time should be 0ms, while for those UE (e.g. intra-freq and async) not capable for supporting 0ms interruption, the target can be compromise to close to 0ms.

	CATT
	Option A
	There is inevitable interruption contributed by the network interfaces to the data delivered to the application layer. Therefore, a good design is to achieve as best interruption reduction at radio interface in order to compensate for the inevitable interruption at network interface. We think RAN2 should target for 0 ms interruption at the radio interface as much as possible if the deployment scenario and UE capability permitted.  

	Xiaomi
	Option A
	The potential interruption in application level doesn’t justify leaving interruption in AS level. We should target 0ms interruption first.

	vivo
	Option A
	If we reuse the LTE MBB+RACH-less solution, it seems that the interruption could be already less than 5ms. If some new RAN2 solution saves only 1-2ms, it seems we should not target at such solution. Maybe we could also ask RAN4 to enhance the RF retuning interruption requirement for some scenarios for MBB+RACH-less if RAN2 does not want to target for 0ms interruption.

	LG
	Option A
	Even though 0ms interruption time cannot be achieved in all deployment scenarios, RAN2 should target to achieve 0ms interruption time over radio level. If RAN2 focus on seamless data transmission on Physical layer, it is possible to make easy to conclude this discussion. Then target definition can be below:
· 0ms DL Interruption time: During mobility procedure, seamless DL data transmission is performed in the UE PHY level point of view.
· 0ms UL Interruption time: During mobility procedure, seamless UL data transmission is performed in the N/W PHY level point of view.
· 0ms Interruption time: During mobility procedure, seamless DL/UL data transmission is performed in the PHY level point of view.

	Apple
	Option B
	We agree with Ericsson. Moreover, we prefer to prioritize solutions applicable to both FR1 and FR2. Give the challenge of simultaneous Tx/Rx at least in FR2 (per received LSs from RAN1/4), we prefer a solution providing close to 0ms in all frequency ranges over Option A applicable only to FR1. 

	Huawei, HiSilicon
	Option A
	0ms radio level interruption should be the target. Although at network there are other factors impacting the service interruption, at air interface system should at least achieve ITU 0ms interruption requirement under certain radio configurations (e.g. under FR1) so that the high service interruption requirement will not be compromised at the air interface.  
Option B could make system design following a running target and introduce the question on how much interruption reduction is enough, given different application may have different requirement. How to measure the minimum interruption of a particular system design becomes another issue not only for RAN2 but also for RAN1/4. 

	Vodafone 
	Ideally Option A but practically we have to settle for Option B 
	Achieving 0ms interruption across the entire network would be ideal however this may mean significant investment in the network which may be unnecessary, however we should aim to create features and technologies that uses the network resources smarter

	Sony
	Option A
	Agree with Intel and Mediatek 

	ITRI
	Option A
	Agree with Intel. 
We should aim at 0ms radio level interruption, which is the ITU requirement, when feasible.

	Nokia
	Both
	Agree with Qualcomm



Adhere to 0 ms mobility interruption time 
If the answer to Q4 is Option A, then it is useful to understand if UE should strictly adhere to achieving 0ms interruption during mobility from a performance and user service point of view, or is it only to meet the IMT 2020 requirement. In R15, RAN2 discussed how to realize 0ms interruption, and agreed the following:
	Agreements from RAN2#101
For NR the 0ms interruption at mobility is possible:
i	intra-cell using beam mobility
ii	For CA operation, addition and release of SCell in response to mobility. No change to PCell.



Strict 0 ms interruption time on radio level has to be achieved in order to:
option A : Satisfy IMT 2020 requirement
option B : To meet other performance targets
Q5. In companies view, what is the real need/ objective to achieve strict 0ms interruption time on radio level and whether it is already satisfied according to RAN2#101 agreements? Companies are invited to provide their input in the following table:
	Company's name
	Option to consider
	Company's additional inputs

	ZTE
	Option A

	As indicated in Q2&Q4, we don’t see the need to support strict 0 ms interruption time in a real network.

	DOCOMO
	Option A
	

	Ericsson
	-
	We acknowledge that, as agreed in RAN2#101, 0 ms can be achieved using e.g. beam based mobility and SCell add/release.

	Mediatek
	
	Rel-15 NR doesn’t optimize the HO interruption, i.e. mobility between different nodes, although 0ms interruption can be achieved in physical layer through beam management and CA operation for mobility within the same node according to RAN2#101 agreements. Close to 0ms interruption (few ms e.g. less than 5 ms) can’t meet the latency requirement for URLLC services e.g. factory automation, transport Industry, etc. 

	Intel
	
	As described in the WI, “However, there is demand to achieve 0ms interruption time in more scenarios especially in URLLC type of service which requires 1ms of end-to-end delay in some scenarios.”, therefore we think there is real requirement on this.

	Qualcomm
	Both
	The support of 0ms in Rel-15 does not extend to more important mobility scenarios which are the motivations for Rel-16 work. The actual latency and interruption requirements needed by applications very much depend on their traffic patterns and characteristics (e.g. survival time in IIoT). Thus, it is not easy to have “performance targets” driven by current applications. Furthermore, NR is considered to serve many verticals which are still being developed. RAN2 should try to minimize handover interruption as much as possible unless limited by PHY and RF issues determined by RAN1 and RAN4.

	Samsung
	Option A
	Most companies acknowledge the IMT 2020 requirement is met with Rel-15. The Rel-16 work intends to provide seamless service to user by reducing the user plane interruptions during mobility on radio level. The strict 0 ms interruption on radio level may be possible in certain scenarios and may not be possible in certain scenarios due to PHY/RF limitations. Based on our answer to Q4, we should focus our work for close to 0 ms interruption.     

	OPPO
	
	Although 0ms can be achieved for intra-cell beam mobility and CA Scell change, We should target on more mobility scenarios for 0ms interruption.  

	CATT
	Option B
	If the target is to achieve option A, that is already satisfied by the agreement at RAN2#101. We think this WI is agreed to investigate other possibilities and performance target.

	Xiaomi 
	Option B
	IMT-2020 requirement has been fulfilled even without this WI. The main goal is to meet stringent delay requirement for URLLC servcice.

	vivo
	
	We consider that the 0ms interruption should be considered for the handover and SCG change.

	LG
	
	IMT 2020 requirement can be baseline. However RAN2 should discuss further if there is a need to make more realistic requirement. Thus, when not prevented by RAN1/4 requirements, 0ms should be the target at least for some mobility cases. For intra-frequency async mobility case, close-to-0ms is the maximum we can achieve.

	Apple
	Option A
	We think supporting some scenarios such as close to 0 ms interruption time for inter-cell mobility in FR2 is in the scope of WI and can be evaluated in the context of option A.

	Huawei, HiSilicon
	Option A
	The ITU 0ms interruption requirement is clearly a radio level requirement which can be achieved to the best for a NR system. RAN2 should do our best to meet the 0ms interruption requirement. Whenever there is radio level 0ms interruption requirement from an application which is supported by the UE capability (i.e., feasible under certain radio configurations), the system should be able to support and meet such a requirement.  

	Vodafone 
	Option A

	We ought to be focusing our efforts on reduction of the interruption to as close to 0ms as possible,

	Sony
	Option B
	We also think option A should not be discussed because IMT 2020 requirement has been fulfilled already. Agree with others that interruption for a URLLC service is the new requirement.

	ITRI
	
	Agree with Intel that there is real requirement on 0 ms interruption, e.g. for URLLC services.

	Nokia
	Both
	We think the solution(s) should both satisfy the IMT-2020 requirements and also address some other, demanding use cases, such as URLLC, IIoT, etc.



Summary to Q4 and Q5:
9 companies think strict 0ms interruption time on radio level (if feasible) should be design target. 5 companies think close to 0ms interruption on radio level should be targeted for the protocol design taking practical considerations. 5 companies think “both” design targets should be addressed considering UE capability and deployments scenarios.
Proposal#3: RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
Solution approach for 0ms interruption time at radio level
It has been argued that there are scenarios where UE cannot simultaneously support transmission/ reception between source and target, close to 0ms interruption can be supported [12]. What approach needs to be followed while designing solutions for mobility interruption reduction in release 16 WI:
option A : One solution that can be applied to some scenarios where 0 ms interruption at radio level is feasible 
option B [bookmark: OLE_LINK8]: Another solution that can be applied to all scenarios where close to 0 ms interruption at radio level is feasible  
Q6: In companies view, which of the above approaches are preferred while devising solution to reduce mobility interruption time? Companies are invited to provide their input in the following table:
	Company’s name
	Option to consider
	Company’s additional inputs

	ZTE
	option B
	As indicated in Q2&Q4, in our opinion what really matters in the end is the user service/application experience. With this in mind, our opinion is that we don’t need to target strict 0 ms interruption at radio level. So we think we should target a solution that can be applied to all scenarios where close to 0 ms interruption at radio level is feasible. It should be noted that this does not prevent that, in some particular scenarios, this single solution can also achieve true 0 ms interruption.

	DOCOMO
	Option B
	We think user experience is the first priority, if the u-plane data transmission interruption can reach as close as 0ms, then it is not necessary to adhere to some particular scenario.

	Ericsson
	Option B
	We should not design a complicated solution that can only be used in a few limited scenarios.

	Mediatek 
	
	We are not sure whether it’s a reasonable way to pick solutions only relying on the application scenarios. The rule to select solution is generally a tradeoff between performance and complexity (in different scenarios). It’s not objective to compromise performance first without evaluating the exact the complexity, e.g. where the complexity comes from, how severe it is. 
As commented in Q4, a common solution which can enable all types of UE with different capabilities to get the full benefit of interruption reduction is preferred. If UE is capable of supporting simultaneous Tx/Rx, 0ms interruption can be achieved; otherwise, the HO interruption can be minimized close to 0ms.

	Intel
	
	Same view as Mediatek. We should consider two types of UEs, capable of simultaneous connectivity, and non-capable of simultaneous connectivity, and also need to consider URLLC which requires 0ms interruption time. 

	Qualcomm
	Both
	This goes into the UE capability domain. If the UE can’t support simultaneous transmission/reception, there should be a new solution better than Rel-15 (e.g. based on TDM transmission which is already used in Rel-15 for a different purpose) to minimize interruption. However, we should not disallow actual 0ms interruption just for the sake of simplifying the specification. 

	Samsung
	Option B
	We should target for a simple and elegant solution which can meet the objectives of Q2 and Q4. This is regardless of UE capability.

	OPPO
	Option A
	We share the same view with Mediatek. 0ms interruption time performance should not be compromised first. The solution can take both types of UEs into account, i.e. 0ms for the UE capable for simultaneous transmission/reception, and close to 0ms for the UE not capable for simultaneous transmission/reception.

	CATT
	
	Option A and B can be interpreted in the same way. 
Ideally RAN2 should target for one solution which could achieve 0ms interruption at least in some scenarios while the same solution can achieve close to 0ms in other scenarios.

	Xiaomi
	Option A
	We think interruption reduction is the first priority of this WI. It’s better to have a simple solution only if the 0ms interruption is achieved.

	vivo
	
	We agree with Mediatek that the solution could be UE capability dependent.

	LG
	
	At least for now, we need to focus on achieving 0ms interruption time from RAN perspective. More general solution applicable for more number of scenarios is preferred but 0ms-achieving solution for less number of scenarios should not be ruled out from the first place.

	Apple
	Option B
	We prefer to prioritize option B as addressing the requirement for FR2 is only feasible through that.

	Huawei, HiSilicon
	
	Firstly, this question is out of the scope of this email discussion.
Secondly, whether one solution is feasible for 0ms interruption and other solution is feasible for close 0ms interruption and how close it is have to be determined by RAN1/4. 
As for the RAN2 mobility enhancement strategy, to meet the ITU requirement, RAN2 need to adopt a 0ms solution that can be applied to radio scenarios where 0 ms interruption is feasible. In the other radio scenarios it would be simpler to adjust the solution also working to achieve close to 0ms interruption performance. For example, for the 0ms interruption solution based on the simultaneous connectivity, pre-configured TDM pattern for source and target in FR2 for intra-frequency HO can be used. While the same solution at the upper layer for 0ms interruption can be maintained. This will have much less complexity and standardization efforts than developing a separate solution in this case. 

	Vodafone
	Both A and B
	The description of the options are not clear, however, adopting a simple solution for the sake of simplicity may not get us the 0ms interruption that we are looking for, therefore options should be open to have a ‘toolbox’ of options to achieve 0ms target

	Sony
	
	Same view as Intel

	ITRI
	
	UE capability should be considered. We share the same view with Mediatek. A common solution that takes both types of UEs into account is preferred. For the UEs capable of simultaneous connectivity, 0ms interruption should be achieved; for the other UEs, minimized interruption is acceptable.

	Nokia 
	Both options
	We should aim at designing a solution where 0 ms interruption time can be achieved in specific scenarios and for certain UE capabilities. 

In cases where 0 ms cannot be achieved, we can aim at improving the conventional handover scheme to achieve close to 0 ms interruption time as much as possible.



Summary to Q6:
9 companies think we should aim for common approach which can achieve strict 0ms (if feasible depending on UE capability and deployment scenario). The common approach also applies for achieving close to 0 ms interruption time. 5 companies think that a single solution which achieves close to 0ms interruption time on radio level in all scenarios. 5 companies think a solution for achieving strict 0 ms interruption time in specific scenarios and for certain UE capabilities can be designed separately than a generic solution that achieves close to 0ms in most scenarios. 

Proposal#4: For achieving the aim of Proposal 3, RAN2 to discuss whether to target:
a) Common approach; OR
b) Two separate approaches
Applicable scenarios for 0ms interruption time at radio level
The solutions submitted to RAN2 widely focusses on reducing mobility interruption time in the downlink direction. However, it is useful to clarify if the interruption time applies to uplink direction as well. Companies are reminded of RAN4 LS [13] and RAN1 LS [14], [15] that there are limited scenarios where 0ms interruption is feasible in uplink. Companies are requested to provide their view on applicability of interruption time reduction solutions based on the following:
option A : Downlink Only
option B : Both downlink and uplink. 
Q7: In companies view, to what scenarios does 0ms mobility interruption time apply? Companies are invited to provide their input in the following table:
	Company’s name
	Option to consider
	Company’s additional inputs

	ZTE
	Option A
	Since 0 ms interruption in the uplink seems feasible in limited cases (considering the LSs from RAN1/RAN4) and also considering the interruption caused by the SN status transfer (i.e. neither the source node nor the target node can deliver the packet to the core network if the SNStatusTransfer is on the fly over the Xn interface), we think it is not worth spending too much effort on the UL and prefer to prioritize the downlink interruption in the WI.

	DOCOMO
	Option A
	Better to prioritize DL first.

	Ericsson
	-
	We don’t think strict 0 ms interruption is necessary for either UL or DL. It’s fine to target ~0 (i.e. close to 0 ms interruption time) if it leads to a simpler solution.

	Meidatek
	Option A
	DL should be prioritized

	Intel
	Option A
	Agree to prioritize DL first. 

	Qualcomm
	Both
	Based on RAN4 input, UL is more problematic. Therefore, it will be acceptable to focus on DL first until further decisions are made in RAN4.

	Samsung
	
	We share Ericsson view.

	OPPO
	Option B
	0ms interruption time should be targeted for both UL and DL if UE is capable for simultaneous transmission and reception.

	CATT
	Option B
	We think solution should target for DL and UL. However, DL interruption reduction can be prioritized over UL interruption reduction.

	Xiaomi
	Option B
	UL is used to carry DL HARQ feedback. If UL is interrupted, DL transmission may not be successful, which would result in user plane interruption in both UL and DL.

	vivo
	Option B
	Regarding the DL interruption, as the gNB by implementation is already able to schedule the downlink PDSCH transmission blindly during the handover, then the UE could already be able to have 0ms DL interruption in some specific handover scenarios (e.g. intra-frequency handover without RF retuning). Thus it seems that the uplink data transmission is even more important.

	LG
	Option B
	DL can be prioritized first but UL also need to be discussed together.

	Apple
	
	If question also includes “close to 0 ms” solutions, we think DL should be prioritized but UL can also be addressed separately.

	Huawei, HiSilicon
	Option B
	Again, this question is out of the scope of this email discussion.

For 5G system, there can be mobility requirement of UL 0ms interruption at air interface. The ITU requirement is for both DL and UL. If it is feasible with acceptable complexity, for both DL and UL, 0ms interruption should be supported. If in certain radio scenarios only DL 0ms interruption is feasible, support DL solution and apply the comparable upper layer solution also for the UL, with low layer enhancement to achieve close to 0ms solution for UL. 

	Vodafone
	Option A first and then B
	We should focus our efforts on the DL scenarios initially as this may be an easier problem to solve. And as stated by other companies here, we await RAN4 discussion for the UL case. 

	Sony
	Option B
	Both UL and DL should be the target. There are use cases as mentioned above by companies which cannot be handled if UL is not considered. We are ok to prioritize DL initially considering the reply from RAN4.

	ITRI
	Option A
	Agree to prioritize DL first. 

	Nokia 
	Option B 
	The interruption time in both UL and DL shall be reduced. However, we are ok to prioritize first DL and check later if some enhancements can be performed for the UL.



Summary to Q7:
6 companies think prioritizing interruption time reduction in DL (i.e. Option A) 11 companies think both DL and UL should be considered (i.e. Option B). However 6 out the 11 companies are OK to prioritize DL over UL. 2 companies don’t think strict 0 ms interruption is necessary for either UL or DL. Based on majority view following is proposed:

Proposal#5: Interruption time reduction in DL to be prioritized. UL can also be addressed separately.
Conclusions
Rapporteur thanks to all companies participating in the email discussion. Based on the summary to the questions raised in the email discussion, the following proposals are recommended.

Proposal#1: Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.   
Proposal#2: RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
Proposal#3: RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
Proposal#4: For achieving the aim of Proposal 3, RAN2 to discuss whether to target:
c) Common approach; OR
d) Two separate approaches    
[bookmark: _GoBack]Proposal#5: Interruption time reduction in DL to be prioritized. UL can also be addressed separately.
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