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Introduction
A number of contributions/proposals from RAN #78/#79 have been submitted for NR mobility enhancements. 
RP-172325          Motivation for SI on mobility enhancements for NR            Samsung
RP-172327          New SI Study on mobility enhancements for NR    Samsung
RP-172414          Motivation for new WI on  mobility enhancement for NR  China Telecomunication Corp.
RP-172515          Motivation for NR Mobility Enhancements for Rel-16         OPPO
RP-172564          Motivation for WI: Mobility Enhancements for NR              Intel Corporation
RP-172563          New WI proposal: Mobility Enhancements for NR                Intel Corporation
RP-180361          Motivation paper for New WID on NR Support for Aerial Vehicles  ZTE Corporation, Sanechips
RP-180359          New WID on NR Support for Aerial Vehicles           ZTE Corporation, Sanechips
RP‑180393          Discussion on NR mobility enhancements in Rel-16             Huawei, HiSilicon

 As per RAN plenary conclusion, we conducted this email discussion to identify usecase/requirement and the scope of item and summarize the oucome of email discussion in this document.  
Step 1
-        Step 1: discuss and identify the use cases and requirements for mobility enhancements (by May 2)
o   The following use cases/requirements are commonly proposed in most of proposals. We can consider as a starting point. [Discussion #1] Please confirm if companies have the same understanding.  
  HO/SCG change interruption time reduction 
        0ms interruption time requirement should be achieved in more cases than in Rel-15.
        Both intra-and inter-frequency should be considered. 
  Improve HO reliability and robustness in high frequency range
        Large pathloss fluctuation in beams or between LOS and non-LOS. Reducing handover failure/large ping-pong rate would be key area for mobility enhancements. 
        Although the main use case is HO, the solution may be applicable to SCG change if it can also beneficial in DC scenario. 
o   The following scenarios are proposed in RP-172515 and RP-180361. [Discussion #2] I would like to get other companies view whether the following scenarios are also considered in the mobility enhancements.  
        In case of high speed scenario e.g. high speed train may cause more handover failure. 
        In Aerial communication, during LTE scenario, it is observed that in some scenario, the mobility performance of Aerial UE is worse compared to a Terrestrial UE.
o   Anything else? [Discussion #3] Please share if you have any other view. 
Discussion 1:
	Company
	Comments

	Samsung
	· We agree that one of the use cases is HO/SCG change catering for 0ms interruption time for both intra- and inter-frequency cases.
· We also agree that robustness is another aspect to address, whereupon we would prefer to consider it for both HO and SCG change. We would also like to note that high- and low-frequency range is a bit subjective criterion. In other words our view is that most valuable solutions are the one which are frequency agnostic (same as for the HO/SCG change).


	Qualcomm
	· HO/SCG change interruption time reduction 
· We agree with considering both intra- and inter-frequency cases although actual 0 ms interruption may not be achievable in all scenarios
· We think it should just be termed “mobility” rather than “HO/SCG change” and clarify the solutions should apply to both MCG and SCG change in NSA and HO in SA (including PCell for CA)
· One further area to consider is dual Rx/dual Tx, dual Rx/single Tx,  and single Rx/Tx options and resulting performance impacts
· Improve HO reliability and robustness in high frequency range 
· We agree with Samsung comments that we should try and solve for all frequencies
· Another area to address is UE power consumption and measurement impacts especially in the presence of multiple beams for both FR1 and FR2
· 

	Nokia
	[Discussion #1]
We see that  the following two scenarios are relevant and important for Rel-16 from the 5G requirements perspective. 
· HO/SCG change interruption time reduction 
· Improve HO reliability and robustness
Like stated already by Samsung and Qualcomm we also see that these enhancements should not be restricted for certain frequency ranges only. For instance, URLLC requires ultra-reliable and ultra-robust mobility both on FR1 and FR2.


	AT&T
	  [AT&T]  We support both intra and inter-frequency HO/SCG change targeting 0ms interruption time.
 [AT&T] We believe reliability/robustness enhancements for both HO and SCG change (EN-DC and NR-NR DC) should be considered for FR2.


	Oppo
	[OPPO] As mentioned in our contribution, we support the proposals for achieving 0ms latency requirements to include both intra-and inter-frequency cases.
 [OPPO] We also support to include the HO reliability and robustness part in the WID for FR2


	Ericsson
	  HO/SCG change interruption time reduction 
Ericsson: RAN2 discussed 0ms interruption to satisfy ITU requirements and addressed the requirement by beam switching. We consider that there is no urgent need to introduce more solutions with respect to this requirement. In principle, HO delay with RACH should be designed in such way that it provides sufficiently short latency (does not need to be 0ms).  0ms HO interruption is useful only in some limited scenarios where the end-to-end delay is less than 1ms.  

  Improve HO reliability and robustness in high frequency range
Ericsson: It is very important to understand mobility performance in NR in high and mid frequencies. We consider that 3GPP should evaluate mobility performance (by simulations and field experiments) and then solve issues. Conditional HO was discussed in Rel-15 but will most probably be postponed due to lack of time. So that is one candidate solution for Rel-16. In addition, in Rel-15, split SRB was introduced allowing to send HandoverCommand over two paths. However, for UL, some shortcuts were taken due to lack of time.  Thus diversity with split SRB should be enhanced in Rel-15. This topic can be discussed in this SI or in the separate work in MR-dual connectivity.


	Huawei
	1.      We agree that the ITU mobility (HO/SCG change) 0ms interruption time requirement should be achieved in more (practical) scenarios than in Rel-15, and for both intra-and inter-frequency.
2.      We agree that the mobility reliability and robustness should be improved for both low frequency and high frequency, low speed and high speed UEs.
3.      We would prefer a common solution to meet both above 1. & 2. requirements. The goal is to meet service requirements and improve the user experience during the mobility.




	Vivo
	[vivo’s view on Discussion #1]: We agree that 0ms interruption time for both intra-f and inter-f should be considered in HO and SCG change cases. We also agree that HO reliability and robustness should be improved in Rel-16. We don’t see any motivation to restrict to one frequency range. Thus, we support to study reliability and robustness improvement in both FR1 and FR2. 


	LG
	We think that it is important to support 0ms interruption time requirement in handover for REL-16. However, SCG change interruption time reduction seems not essential.
In addition, we agree to consider improving HO reliability and robustness in high frequency range for REL-16.


	MTI
	To fulfill IUT requirements, we support to achieve 0ms interruption time for at least HO case. Moreover, we think the enhancements for improving HO reliability and robustness in both low and high frequency are both important for REL-16. For high speed scenario and aerial communication case, we could use the solutions for improving HO reliability and robustness as the baseline, and see if these solutions are sufficient or not.

	SKT
	We agree that HO/SCG change interruption time should be reduced and minimized to satisfy ITU-R requirement of 0ms interruption time in both intra-/inter-frequency mobility scenarios. In addition, as Qualcomm described above, “mobility” term is adequate instead of “HO/SCG change” and a solution should be clarified to apply both MCG/SCG change in NSA and HO in SA.
We also agree to improve HO reliability and robustness particularly for high-band range (FR2).

	
	

	
	



Proposal 1:  the mobility enhancement item should support the following use cases/requirements:
·  HO/SCG change interruption time reduction 
· Improve HO reliability and robustness

Proposal 2:  the mobility enhancements should be applicable to both inter-/intra-frequency HO/SCG change.
Proposal 3:  the mobility enhancements should not be limited to the high frequency range although challenges/channel characteristic in high/med frequency should be considered. 
 

Discussion 2:
	
	

	Samsung
	· At the moment we have a slight preference not to consider high-speed and aerial communication as special scenarios. 
· Our view is that technical solutions we develop can cover a large scope of use cases and scenarios, including e.g. aerial terminals.  


	Qualcomm
	· We agree with Samsung that our preference is not to consider high-speed and aerial communication as special scenarios 


	Nokia
	
[Discussion#2]
We agree with Samsung and Qualcomm that there is no need to consider high-speed and aerial communication as special scenarios in Rel-16 mobility enhancement work. But naturally developed solutions can be utilized in these use cases as well.



	AT&T
	[AT&T] We think high-speed train and aerial UE scenarios can be considered but with lower priority than the traditional mobility scenarios.


	Oppo
	[OPPO] We consider high speed scenarios is quite important for NR, since one of the NR requirements is to support UE travelling at 500km/h (In TR38.913, it was mentioned that "The target for mobility target should be 500km/h."), therefore, we prefer to have the high speed scenario in the WID.


	Ericsson
	    In case of high speed scenario e.g. high speed train may cause more handover failure.

Ericsson: we acknowledge that in high speed scenario there might be additional challenges and this needs investigation and work (if time permits). It is then another discussion if this work is done in this SI/WI or in some other study.

        In Aerial communication, during LTE scenario, it is observed that in some scenario, the mobility performance of Aerial UE is worse compared to a Terrestrial UE.

Ericsson: We consider that aerial communication is important area to investigate. Due to specific environment, aerials may see lots of different base stations and interference and thus mobility performance. Conditional HO as solution is discussed also Aerial work.  So same solution can be used in multiple scenarios. In addition, there are aerial specific mobility enhancements could be discussed either in this mobility work or in a separate SI/WI related to aerials.


	Huawei
	[Discussion #2]
1.      We acknowledge for very high speed UEs it is more challenge to meet ultra-reliable and low latency requirement. We also think Aerial communication is a special scenario. 
2.      After works for [Discussion #1] are completed, if time allows, more evaluations maybe done to see if additional work is needed for these scenarios.


	Vivo
	[vivo’s view on Discussion #2]: For this part, we have the similar understanding as Samsung and Qualcomm that there is no need to consider this special use cases for mobility enhancement. If the solutions based on the above requirement can satisfy part of use case for high speed scenario or Aerial communication, it can be considered. Otherwise, it is not needed to optimize these special scenarios in this WID. 


	LG
	
[Discussion #2]
We think that enhanced mobility procedure which we may specify in REL-16 could be generic and applied to most of scenarios including high speed and Aerial communication.


	MTI
	For high speed scenario and aerial communication case, we could use the solutions for improving HO reliability and robustness as the baseline, and see if these solutions are sufficient or not. Agree with AT&T that high speed scenario and aerial UE case can be considered but with lower priority.

	SKT
	We consider high speed scenario as one of important cases and aerial communication case may go with lower priority. 

	
	



Observations: 
- 4 companies thinks that high speed train and aerial use case are not included in this item. 
- 3 companies think that these can be considered in this item as lower priority. 
- 1 company prefer to support these use cases in this mobility enhancement item. 
- Further evaluation is needed for high speed and Aerial use cases. 
- Solutions for 0ms interruption reduction and mobility robustness would be also beneficial to high speed trains and aerial use case. 
Proposal 4: high speed train and aerial use case are NOT considered explicitly in this item.

Discussion 3:
	
	

	China Telecom
	We also want to discuss the service based mobility enhancement. 
The use case is that there are functionalities which are supported by 4G system but not supported by 5G System. In case desired service could not be provided by 5G system, there is no means to trigger mobility to other system, since currently the mobility is performed based on signal quality not based on service. The requirement is NG-RAN could perform mobility taking service related information into account.
As you may know we have proposed this enhancement in LTE side, which could be found in RP-180221. 


	Qualcomm
	
[Discussion#3]
· We believe the use case of service based mobility enh.  should be covered separately and can be addressed once the SA2 SID (SP-180122) completes since this is likely to be enabled with CN input


	Nokia
	[Discussion#3]
Considering that in RAN4 TS38.133 is still lacking lots of important mobility related UE requirements, especially for FR2, we see that these RAN4 UE requirements are important focus area also in Rel-16.


	AT&T
	Anything else? [Discussion #3] Please share if you have any other view. 
[AT&T] The mobility enhancements work should also consider leveraging solutions for intra-cell mobility developed in other SI/WIs (e.g. beam failure recovery enhancements).


	Huawei
	
[Discussion #3]
We think this WI/SI should have a focused scope on the radio aspects of the mobility. Service based mobility enhancement may be discussed in other items (and we also need to see SA2 progresses on this).


	Vivo
	
· Anything else? [Discussion #3] Please share if you have any other view. 
[vivo’s view on Discussion #3]: For service based mobility, it can be addressed after SA2 SID completion. 


	
	

	
	

	
	

	
	

	
	

	
	



Observations: 
- Service based mobility was proposed but most of companies think that RAN should wait until SA2 SID is completed. 
Proposal 5: Service based mobility is not considered in the mobility enhancements item. 

Step 2
-        Step2: identify objectives, time plan and related WGs (To be initiated after Step 1)
o   Potential solution directions based on the identified uses cases and requirements.
Objectives
As proposed in Step 1, this item will focus on HO/SCG change interruption time reduction and Improve 
HO reliability and robustness. 
The following solutions have been proposed until now. Please feel free to add if there is any missing item.
· Solution 1: Make before break (LTE Rel-14 MBB with potential enhancements)  [RAN2/RAN1/RAN4]
· Solution 2: RACH-less handover [RAN2/RAN4]
· Solution 3: Conditional HO [RAN2/ RAN4/RAN3]
· Solution 4: Dual-connectivity based HO [RAN2/RAN1/RAN4/RAN3] (e.g. duplicated RRC and data transmission during handover, dual/multiple-connectivity)
· Solution 5: Fast handover failure recovery [RAN2/RAN3]
· Solution 6: Enhancement of mobility state estimation mechanism considering different cell size e.g. beamforming environment. [RAN2/RAN4]
· Solution x: anything else? 

Please provide your input on the above potential solutions. From moderator point of view, we should practically limit our scope given that RAN2 will be busy due to late drop by December 2018 and the potential time for Rel-16 SI/WI will be limited this year. Please also confirm if the relevant WG of each solution is correct. 
	Company
	High priority solution(s)
	Comments 

	Huawei & HiSilicon
	Dual (or Multi)-connectivity based HO (DC-HO). 

	The two goals of mobility enhancement in Rel-16 are: to achieve 0ms service interruption and improve the handover reliability. DC-HO is the only technique which can serve the both purposes. True 0ms service interruption in normal mobility scenarios can be achieved by simultaneous transmissions at both the source and target cells. With more than one connection leg enabled during the HO, the chance of ping-ponging can be significantly reduced, more legs have much higher chance to survive than a single leg. The release of a PSCell only depends on the radio link condition rather than the limited data from an artificial buffer. Therefore, DC-HO should be the core mobility technique developed first in Rel-16 then possibly further enhanced by other techniques. 

For example, pre-preparation can be used for DC-HO to pre-configure and adding a potential HO target cell as the PSCell. The pre-configured PSCell can be activated by the network to start the dual-connectivity during the HO. This can further improve the HO reliability for high speed UEs.


	MTI
	Solution 3 & 4
	We think both solutions could be promising to fulfill 0 ms interruption time.

	CATT
	· Solution 2: RACH-less handover [RAN2/RAN4]
· Solution 4: Dual-connectivity based HO [RAN2/RAN1/RAN4/RAN3]

	For solution 2: considering the network is mostly a synchronized network, RACH less HO can be supported easily and it has the least impact to specifications.

For solution 4: it has benefits on 0ms interruption and high reliability. So we prefer to support this solution in NR Rel-16.

	SKT
	· Solution 1: Make before break [RAN2/RAN1/RAN4]
· Solution 2: RACH-less handover [RAN2/RAN4]
· Solution 4: Dual-connectivity based HO [RAN2/RAN1/RAN4/RAN3]
	We think Solutions 1, 2, and  4 help to achieve 0ms interruption time. 

	AT&T
	Solutions 1/4/5
	These solutions should be considered with the highest priority since they can be beneficial for meeting 0ms interruption and high reliability requirements applicable to multiple other Rel.16 WI/SI including URLLC, IAB, and V2X.

	vivo
	Solution 3/4/5
	These solution have benefit for the requirements of 0ms interruption or high reliability. 

	
	
	

	Qualcomm
	Solution 1: highest priority
Solution 2: high priority
Solution 5: high priority

	· Solution 1: Make before break (e.g. duplicated RRC and data transmission during handover, multiple connectivity) [RAN2/RAN1/RAN4]
· Highest priority - We see this as fundamental to enable “HO/SCG change interruption time reduction” as the source link has to be maintained while the target is being established
· We do not see a need to mandate duplicated RRC and data (as this can be implementation) and prefer not to use the term multiple connectivity to avoid terminological confusion with the DC feature
· Solution 2: RACH-less handover [RAN2/RAN4]
· High priority – We see this as important in certain HO scenarios to reduce interruption to almost 0 ms such as intra frequency for “HO/SCG change interruption time reduction” – we do not see this as sufficient without solution 1 (and likely inter frequency deployment) to actually achieve 0 ms interruption
· Solution 3: Conditional HO [RAN2/ RAN4/RAN3]
· Medium priority - We see this as an enhancement to “Improve HO reliability and robustness” in cases of RLF and orthogonal to solutions 1 and 2
· Solution 4: Dual-connectivity based HO [RAN2/RAN1/RAN4/RAN3]
· Medium priority – Solution 4 only works for scenarios with available coverage from two separate channels while solution 1 works in all scenarios. However, we are okay to also specify Solution 4 also in order to have the option of a solution with lower overall complexity.  
· We would like to include non-co-located CA as well as DC in this solution family.
· Solution 5: Fast handover failure recovery [RAN2/RAN3]
· High priority – again this falls into “Improve HO reliability and robustness” category and should not be considered as a method to achieve 0 ms interruption but still worthwhile to study further
· Solution 6: Enhancement of mobility state estimation mechanism considering different cell size e.g. beamforming environment. [RAN2/RAN4]
· Not needed – this can be deferred to a later release until the above solutions performance is understood and determined if further optimizations are needed
· Solution x: anything else? 
· Solution 7 UL based mobility or other solutions to reduce power for multi beam mobility – we see this as another solution to “Improve HO reliability and robustness”


	Intel
	Solution 4/5
	Solution 4 will provide fundamental gain to reduce HO interruption time. Solution 5 will improve HO robustness with simple modification in case of  RLF during HO. 




Companies’ preference in one shot
	
	
	total votes

	1
	SKT, AT&T, Qualcomm 
	3

	2
	 CATT, SKT, Qualcomm
	3

	3
	 MTI, Vivo, Oppo, Ericsson, KT, Samsung, LG
	7
	

	4
	Huawei, MTI, CATT, SKT, AT&T, Vivo,  Intel
	7

	5
	AT&T	Vivo,	Qualcomm, Intel , LG
	5

	6
	No 
	0



Proposal 6: Solution 4, solution 3 and Solution 5 are considered as first priority.
Proposal 7:  Solution 1 and Solution 2 are considered as second priority.
SI or WI?
Please share your view whether we need any study item or we can go directly with WI. 
	Company
	SI or WI
	Comments 

	Huawei & HiSilicon
	WI
	The solutions are well studied and on the table for long time. There is no need for a SI. 

	MTI
	WI & SI
	The solutions with high priority could go to WI, others could be  part of REL-16 SID.

	CATT
	WI
	These solutions have been studied for a long time and some of them have been supported in LTE. So can go for WI directly.

	SKT
	WI & SI
	Solution 1 and 4 can go for WI and Solution 2 could be part of Rel. 16 SI

	AT&T
	WI
	Many of these solutions have been proposed since the Rel. 15 NR SI. 

	vivo
	WI
	The use cases and requirements are quite clear for the mobility enhancement. Besides, the above solutions have been studied in Rel-15. Thus, there is no need to have SI phase. We can discuss the solutions for different scenarios directly. 

	
	
	



Proposal 8: NR mobility enhancements is proposed as WI.

Conclusion
 Step 1: discuss and identify the use cases and requirements for mobility enhancements 
Proposal 1:  the mobility enhancement item should support the following use cases/requirements:
·  HO/SCG change interruption time reduction 
· Improve HO reliability and robustness
Proposal 2:  the mobility enhancements should be applicable to both inter-/intra-frequency HO/SCG change.
Proposal 3:  the mobility enhancements should not be limited to the high frequency range although challenges/channel characteristic in high/med frequency should be considered. 
Proposal 4: high speed train and aerial use case are NOT considered explicitly in this item.
Proposal 5: Service based mobility is not considered in the mobility enhancements item. 
Step2: identify objectives, time plan and related WGs (To be initiated after Step 1)
Proposal 6: Solution 4, Solution 3 and Solution 5 are considered as first priority.
· Solution 4: Dual-connectivity based HO [RAN2/RAN1/RAN4/RAN3] (e.g. duplicated RRC and data transmission during handover, dual/multiple-connectivity)
· Solution 3: Conditional HO [RAN2/ RAN4/RAN3]
· Solution 5: Fast handover failure recovery [RAN2/RAN3]
Proposal 7:  Solution 1 and Solution 2 are considered as second priority.
· Solution 1: Make before break (LTE Rel-14 MBB with potential enhancements)  [RAN2/RAN1/RAN4]
· Solution 2: RACH-less handover [RAN2/RAN4]
Proposal 8: NR mobility enhancements is proposed as WI.
Proposal 9: to have study phase to identify the exact mechanism how to enable to the proposed solutions and ensure commonality for the solutions that are introduced in LTE and in NR commonly.  
Based on the above agreements, we provide a draft WID in RP-181329 [1]. 
Reference
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