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1 Introduction

The following email discussion is to conclude the FFSs mobility challenges and possible solutions for non-terrestrial networks proposed so far in RAN2:
· [107#62][NR/NTN] TP Mobility  (InterDigital)


Intended outcome: TP capturing the remaining FFSs and reviewing the TP in R2-1910962

Deadline:  Thursday, one week before the meeting

The following schedule is proposed:
· Phase 1: Companies are invited to comment on the questions contained within this document addressing the FFSs from the previous baseline text proposal in [1]. RACH enhancements have been moved to the ongoing RACH email discussion [2].

· Deadline for comment: October 7th
· Phase 2: Email rapporteur will generate a draft TP based off company comments by October 7th, after which companies are invited to provide additional input on the draft TP. As per online agreements [3] the TP from R2-1911762 will be merged in the draft TP for review.
· Deadline for comment on summary/Draft TP: October 10th
2 Mobility Issues FFS
2.1 Frequent and unavoidable handover
In the previous email discussion [4] the issue of frequent and unavoidable handover was discussed. Though not captured as a problem for GEO satellites due to cell size mitigating the impact of UE speed, a large majority of companies (19-1) listed this as an issue for LEO due to movement of satellite cells. During the discussion, several companies noted that this scenario may be similar to UE on a high-speed train moving through a terrestrial network, leading to the following FFS:
· FFS: how this scenario compares to terrestrial cases involving frequent HO (e.g. a high-speed train).

For a UE travelling at a constant speed and direction, the maximum time it can remain connected to a cell is approximated by dividing the cell diameter by UE speed. For NTN LEO deployments, the cell size is divided by the relative speed between the satellite and the UE, where a UE moving in the same direction as the satellite subtracts from the relative speed, and a UE moving in the opposite direction increases relative speed, described by the equation below:
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The appropriate values for UE speed, satellite speed, and min/max beam diameter can be found in TR 38.821 [5] (listed in the tables below). As it was previously agreed that a cell can consist of one or more beams, the scenario of cell diameter = one 50 km diameter beam will represent the lower bound (i.e. worst-case scenario for HO frequency). Similarly, it was agreed the maximum LEO cell size is 1000 km, thus will be the value taken as the upper bound (i.e. best-case scenario for HO frequency).
Table 4.2-2: Reference scenario parameters [5]
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	User equipment motion on the earth
	1200 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)

Possibly 1200 km/h (e.g. aircraft)


Table 7.1-1: NTN scenarios versus delay constraints, [5]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km


Substituting these values into the above equation, the maximum time a UE can remain in an NTN cell (i.e. the UE connects immediately at cell edge and leaves at the opposite cell edge) for the min/max cell diameter and relative speed is listed in the table below:
Table 1: Time to HO for min/max cell diameter and varying UE speed.
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28


Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement. Considering UE movement, this will vary by approximately +/- 4%. By neglecting satellite speed and setting UE speed to 500 km/hr as per table 7.1-1, this is equivalent to a terrestrial UE being served by a cell diameter ranging from approximately 0.918 km* to 18.39 km. 
*Note: it is assumed that this is the minimum cell diameter possible (i.e. the UE travels directly through the full cell diameter). Should the UE only travel through an edge portion of the coverage the cell must be larger.
Q1) The above analysis indicates that the typical worst-case HO frequency in a LEO system for a cell with a diameter as low as 50km is approximately equivalent to (i.e., no worse than) the HO frequency of a UE on a high-speed train (500 km/hr) in a terrestrial network as served by a cell with a diameter of roughly 1km. Given this, is it fair to assume that HO frequency in LEO systems are comparable to that of terrestrial networks?

	Company
	Agree/Disagree
	Additional Comments

	Vodafone
	Agree
	As illustrated in our previous contributions we are looking at approximately 7 seconds for cell handover which is similar to a UE on a train travelling fast between the cell. 

	Huawei
	Agree
	It is quite clear according to the mathematical analysis above.

	Sony
	Agree
	

	Thales
	Agree
	According to the analysis above, both scenarios are similar in terms of handover frequency.

	InterDigital
	Agree
	

	MediaTek
	Disagree
	The network deployed for managing a high-speed train is not a typical terrestrial network, but a different one, made exclusively for high-speed trains. Cell-size of high-speed trains are not 1km and hence, HO frequency is not that high. Moreover, mobility in NTN systems is quite deterministic and different from TN.

	Panasonic
	Agree
	

	Nokia
	Agree
	The HO rate in typical LEO scenarios C2/D2 is not an issue. Whereas the impact of the associated signaling delay is.

	Ericsson
	Agree
	We believe that it can be comparable to the worst case in some terrestrial networks, but not that it would be comparable to a typical terrestrial network. 

	ZTE
	Agree
	The HO rate in typical LEO scenarios is similar as the HO rate in a high-speed train scenario in TN in our understanding.
One more question about the relative speed of Satellite with respect to earth (i.e. 7.56km/s in the table), is it the same value for all the LEO satellites or just an example for a LEO satellite in a specific altitude? Maybe satellite companies can confirm that.

	OPPO
	Agree
	Although not typical TN, it could be comparable to the worst case.

	CATT
	Agree
	In the analysis above, it’s clear that the worst-case HO frequency in a LEO system is comparable to that of TN system if considering the worst case also. 


Rapporteur Summary:

Almost all companies (11-1) agree that HO frequency in NTN LEO systems is comparable to a high-speed train scenario in terrestrial networks. Furthermore:

· Several companies clarified that high-speed train is not a typical terrestrial deployment and is more indicative of the worst-case. One company further mentions there are additional differences between NTN systems and TN systems such as the deterministic nature of LEO satellite movement.
· Two companies mention that the relative speed of satellite with respect to the earth may need to be updated pending clarification from satellite companies (e.g. if this is the ground speed, and what altitude this value corresponds to).
2.2 Handover for a large number of UEs

Given the large cell sizes present in NTN, it is assumed many devices will need to be served within a given cell. Considered jointly with the fast movement of LEO satellites, many devices may need to perform handover at a given time, an issue which was captured with priority.

During discussion however, it was noted that currently the number of UEs served within a cell will be limited to the maximum size of the C-RNTI (i.e. up to 65519 UEs per cell), and given the low UE density resulting from large cell size this may not be a problem, leading to the following FFS:

· FFS: A more precise definition of what constitutes a “large number of UEs” in this context.

Assuming the maximum C-RNTI is not extended for NTN, the key issue is the amount of UEs that must perform HO over a given time. Though the actual number will vary based on UE density, a general approximation can be made by observing the time it takes for the cell to move completely out of the original footprint (“c” in Figure 1), at which point all UEs served in the cell at time T (“a” in Figure 1) must be handed over to a new cell. Dividing the total number of connected UEs by the time it takes for the cell to perform this transition can thus provide a general approximation of the average rate UEs must hand-out of a cell for a given cell diameter.
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Figure 1: Transition of UEs as a cell moves completely out of original coverage area. 
However, as UEs are “handing-out” from the area no longer served by the cell, other UEs are also “handing-in” from the new area of coverage (as shown in “b” in Figure 1 above). Assuming for simplicity a relatively uniform distribution of UEs, the rate of UEs leaving the cell will be approximately equal to the rate of UEs entering the cell. Therefore, the total mobility for the cell (hand-in + hand-out) will be approximately 2x the rate of hand-out.
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Figure 2: Comparison of Area requiring UEs to “hand-in” vs. “hand-out” of a cell. 
For the values provided in Table 2, the maximum number of UEs (i.e. 65519) will remain connected to the cell at all times (e.g. the rate of UEs leaving a cell is equal to the rate of UEs entering a cell) to estimate the worst-case scenario, and UE movement is neglected.
Table 2: Average HO rate for a given cell diameter, assuming 65519 connected UEs.
	Cell Diameter (km)
	Approximate Cell Area (km2)
	Average UE density (UE/km2)
	Satellite speed (km/s)
	Time to HO all UEs in cell (s)
	Average “hand-out” rate (UE/s)
	Average HO Rate (in+out) (UEs/s)

	50
	1964
	33.36
	7.56
	6.61
	9912
	19824

	100
	7854
	8.34
	
	13.23
	4952
	9904

	250
	49087
	1.33
	
	33.07
	1981
	3962

	500
	196000
	0.33
	
	66.14
	991
	1982

	1000
	785000
	0.08
	
	132.28
	495
	990


Question 2) Do you agree average HO rate better represents the mobility challenge “HO for a large number of UEs” than UE density in NTN LEO deployments? 
	Company
	Agree/Disagree
	Additional Comments

	Vodafone
	Disagree 
	Few comments:

1- The number of UEs per km2  is less than we have estimated, we estimate to be around 400 users/device 

2- The number of UE per km2 is not consistent and there is no explanation why the device density is decreasing with the size of the cell
3- If we are looking at LEO scenarios then the user densities will increase linearly with the increasing size of the cells
4- For a 50km radius cell, with 65,500 km2 , and 400 devices/ users per km2, the estimated number of users should be around ~26 million devices. And using your calculations the average hand-out rate would be ~ 3.9 million devices per second.
5- The main issue to realize is that due to the motion of the LEO Cells (irrespective of the number of UEs per cell) there would be a huge signaling load on the satellite network , where approximately every 7 seconds the satellite’s baseband/ground station is ‘crushed’ by the immense signaling load. 

6- The main issue to resolve for a moving LEO cell is how to limit the signaling load on the satellite network and similarly on the UEs. 

	Huawei
	Agree
	We think the assumption of a maximum of 65519 connected UEs in one cell makes sense, and it is already a big challenge for us that nearly ten thousand UE need to handover within one second.

	Sony
	Agree
	According to the analysis, signaling overhead and the number of handover UEs are challenges to be addressed. Further investigation/study is need.

	Thales
	Agree
	We agree that average HO rate better represents the mobility challenge, but:

· the result in the table above shows the worst case of systems with moving beams.
In systems with steerable beams, the average number of HO is much lower. But at the satellite change moment for the same cell, the peak number of HO should be also considered.

	InterDigital
	Agree
	Average HO rate better describes this mobility challenge than UE density. For example, assuming 65519 connected UEs per cell, a cell diameter of 250 km has UE density of 1.33 UE/km2 which is easily manageable from a terrestrial perspective, however based on the above analysis results HO of nearly 4000 UEs/s in LEO NTN

	MediaTek
	Agree
	We agree that it is very natural to consider “HO rate” over UE density as the mobility challenge “HO for a large number of UEs”

	Panasonic
	Both are fine
	Agree that average HO rate represents more directly the mobility challenge “HO for a large number of UEs”. However, the average HO rate is proportional to the average UE density according to the table. So we think both are fine. 

	Nokia
	Agree
	The average HO rate must be calculated using practically expected NTN UE density, rather than maximum allowed values by specifications.

However, an extreme scenario could be a hotspot, wherein the HO rate could be significantly higher than the average due to large concentration of UEs in a small area.

	Ericsson
	Agree
	Yes, this table would better represent the challenges. The numbers should be doublechecked however if the “satellite speed” is changed to the “satellite speed on the ground”. 

	ZTE
	Agree
	

	OPPO
	
	

	CATT
	Agree
	We are fine to use average HO rate to represent the mobility challenge “HO for a large number of UEs”, but we also think considering the average HO rate is not sufficient as the peak HO rate may cause more serious signalling storm. 


Rapporteur Summary:

Almost all responding companies (10-1) agree that “average HO rate” better represents the challenge of HO for a large amount of UEs than “UE density”. Furthermore:

· Two companies mention that we should also examine a “peak HO rate” occurring if the satellite passes over a hotspot.

· It was noted that by an operator that estimated UE density is approximately 400 UEs/km2, resulting in a much larger signalling load than that represented in the table.

· It was also noted the analysis is representative of a worst-case approximation for a “moving beam” scenario and may be less in a steerable beam scenario. 
· One company mentions the analysis may need to be updated based on further clarification if “satellite speed” is equivalent to “satellite speed on the ground”

Proposal 1: 
“Average HO rate” is included in TR 38.821 as a method to define the challenge “HO for a large number of UEs”.
2.3 Impact of propagation delay difference on Measurements
The issue of propagation delay difference on measurements, originally proposed in [6], was included in Phase 2 of the previous email discussion yet was inconclusive. It has been captured as an FFS based on the offline discussion summary from RAN2#107 [7], with the original issue description summarized below:
Consider a UE served by a LEO satellite S1, however also within coverage of an incoming LEO satellite S2. The UE should perform measurements of the neighboring cells originating from S2 for mobility purposes based on the measurement configuration provided to the UE, however the propagation delay difference from the UE to satellite S1 and the UE to satellite S2 may vary significantly. 

If the SMTC measurement gap configuration does not consider the propagation delay difference, the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals.
Question 3) For each deployment scenario, please indicate whether impact of propagation delay difference on measurements should be addressed as “High Priority”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the “Comments” section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Vodafone 
	Medium priority 
	High priority
	LEO scenarios should be captured as high priority

	Huawei
	Medium priority 
	High priority
	This issue need to be addressed.

	Sony
	Captured
	High Priority
	For both GEO and LEO, the SMTC configuration should consider the propagation delay difference (to serving cell and to neighbouring cell). In addition to that, for LEO, because of the movement of satellite, measurement gap length may need to be extended to compensate the propagation delay difference given by such movement.

	Thales
	Captured
	High Priority
	LEO scenarios should be captured as high priority

	InterDigital
	Captured
	Captured
	This should be further studied to understand the scale of the impact for both scenarios.

	MediaTek
	Not Captured
	Captured
	For maintaining the alignment of SSB within the window, the impact of propagation delay difference on measurements needs to be captured for LEO-NTN. However, for GEO-NTN is not needed, as it is stationary relative to the earth.

	Panasonic
	Captured
	High Priority
	For GEO-NTN, the propagation delay difference might be negligible. For LEO-NTN, the SMTC configuration needs to take into account the delay difference. 

	Nokia
	Not captured
	High priority
	Mobility measurements don’t seem to be relevant for GEO in the context of this question.

	Ericsson
	Captured
	High priority
	We believe that the problem is mainly a problem for LEO but it may also exist in GEO, thus it can be captured being scenario-independent.

	ZTE
	Captured
	Captured
	The problem is common for both GEO and LEO and can be further studied whether it can be handled by NW implementation.

	OPPO
	Not captured
	High priority
	Although the issue may be common for GEO and LEO, mobility measurement is mainly a problem for LEO.

	CATT
	Medium priority
	High priority
	We think this is an essential issue that should be addressed, but the problem for LEO is more serious than that for GEO. More details can be discussed further.


Rapporteur Summary:

Almost all companies (10-2) think “Impact of propagation delay on measurements” should be captured for GEO, and all agree (12-0) this should be captured for LEO. Furthermore: 

· Most companies (9-3) think this is a high priority issue for LEO;

· Several companies suggest that for GEO NTN propagation delay difference may be negligible or not needed, given it is stationary relative to the earth.

Proposal 2: 
“Impact of propagation delay on measurements” is captured in TR 38.821 as an NTN mobility challenge for GEO, and high-priority issue for LEO. FFS the scale of this issue in GEO systems given the stationary nature of GEO satellites
3 Mobility Enhancements FFS
3.1 Inclusion of location information in the measurement report
3.1.1 Impact to signalling overhead
To help address the low RSRP/RSRQ difference in areas of cell overlap experienced in NTN, it was proposed to include UE location information in the measurement report to provide the network additional information when determining HO. During discussion, several companies noted that inclusion of such information will increase the signalling overhead in the measurement report, leading to the following FFS:
· FFS: the impact to signaling overhead

Though positioning work in NR is ongoing, by referring to the following agreements from RAN2#106 [8], the same location information messages defined in E-UTRAN positioning are also applicable in NR, and will thus be used as a baseline for this discussion:
Agreements:

At least the following LPP procedures are also applicable for NR dependent positioning methods in Rel-16:


-
Exchange of positioning capabilities;


-
Transfer of assistance data;


-
Transfer of location information (positioning measurements and/or position estimate);

-
Error handling;


-
Abort;

Existing LPP messages are reused where possible (this does not preclude adding new messages if deemed necessary).

Positioning in E-UTRAN is defined in 36.305 [9] and allows position estimate computation to be made either by the UE (i.e. UE-based) or by the E-SMLC (i.e. UE-assisted, in which measurements are performed by the UE, and transmitted to the E-SMLC to compute the position estimate). Positioning procedures are modelled as transactions of the LPP protocol, where LPP messages may delivered either in response to a request or unsolicited.
Figure 8.1.3.3.2-1 [9] shows an example for Location Information delivery operations for the UE-assisted GNSS method when the procedure is initiated by the UE. The term "location information" applies both to an actual position estimate and to values used in computing position (e.g., radio measurements or positioning measurements). 


[image: image4.emf]
Figure 8.1.3.3.2-1: UE-initiated Location Information Delivery Procedure [9]
(1)
The UE sends an LPP Provide Location Information message to the E-SMLC. The Provide Location Information message may include any UE measurements (GNSS pseudo-ranges, carrier phase-ranges, and other measurements) already available at the UE.

GNSS information transmitted from the UE to the E-SMLC for both UE-based and UE-assisted modes is defined in sections 8.1.2.2.1.1 and 8.1.2.2.1.2 of [9] respectively, where the information that may be signaled from the UE to the E-SMLC is listed below in table 8.1.2.2-1.

Table 8.1.2.2-1: Information that may be transferred from the UE to the E-SMLC [9]
	Information 
	UE‑assisted 
	UE‑based/standalone 

	Latitude/Longitude/Altitude, together with uncertainty shape
	No
	Yes

	Velocity, together with uncertainty shape
	No
	Yes

	Reference Time, possibly together with GNSS-E-UTRAN time association and uncertainty
	Yes
	Yes

	Indication of used positioning methods in the fix
	No
	Yes

	Code phase measurements, also called pseudorange
	Yes
	No

	Doppler measurements
	Yes
	No

	Carrier phase measurements, also called Accumulated Delta Range (ADR)
	Yes
	No

	Carrier-to-noise ratio of the received signal
	Yes
	No

	Measurement quality parameters for each measurement
	Yes
	No

	Additional, non-GNSS related measurement information
	Yes
	No


Question 4) Do you agree that the information contained in Table 8.1.2.2-1 [9] should be used as baseline when evaluating GNSS signaling overhead? Please indicate additional signaling aspects, if any, to be considered.
	Company
	Agree/Disagree
	Additional Comments

	Vodafone
	Agree 
	This table could be good baseline, however other parameters could be added as required.

	Huawei
	Agree
	

	Sony
	Agree
	

	Thales
	Agree
	Good for baseline, other parameters could be added

	InterDigital
	Agree
	This can be used as a baseline, with other parameters added as required

	MediaTek
	Disagree
	The table contains also UE-assisted information, which isn’t applicable to reporting the UE location.  So at most, we could use the UE-based fields as a baseline.

However, the LTE IE LocationInfo is more specific about what fields it includes, and is used for the same purpose as considered here, reporting the UE location along with the measurement report.  We suggest using LocationInfo as a baseline.

	Panasonic
	Agree
	

	Nokia
	Agree
	The number of bits & reporting periodicity must also be considered while including information from the table.

	Ericsson
	Disagree
	We suggest to take the LTE solution where locationInfo is included in the measurement report as a baseline.

	ZTE
	Disagree
	(1) We share the same understanding with MTK and E/// that for UE with GNSS support the following procedure and the content in LocationInfo in LTE can be a baseline for location report in NTN.
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(2) For UE with out GNSS support, UE can also measure the TN cell autonomously and report the TN cell information as a rough UE location information to NW to assist HO decision or help NW decide and apply country-specific policies in NTN.

	OPPO
	Disagree
	We share the view from MTK, Ericsson and ZTE.

	CATT
	Disagree
	In RAN2, we discuss the signal overhead issue on RRC aspect, so we think LTE IE LocationInfo is visible from RRC and should be the baseline.


Rapporteur Summary:

Companies are split (7-5) between using the information contained in Table 8.1.2.2-1 from 36.305 vs. the LTE IE LocationInfo for a baseline to evaluate GNSS signaling overhead. Furthermore:

· Several companies note that other parameters may be added.
· Many companies suggest that the LTE IE LocationInfo is another possible option.
· One company further notes that the number of bits & reporting periodicity must also be considered.
Proposal 3: 
Information contained in the LTE IE LocationInfo will be used as baseline when evaluating GNSS signalling overhead. FFS: if other possible parameters may also be considered e.g. additional parameters, if any, from Table 8.1.2.2-1 in 36.305.
3.1.2 Potential privacy concerns with UE location reporting

In addition to questions about signalling overhead, it was also pointed out that there may be potential privacy concerns associated with transferring the UE position information in the measurement report, leading to the following FFS:
· FFS: any potential privacy concerns with regards to transmission of the UE location information

However, referring to 36.311 [10] (also noted via contribution in [11]) the transmission of UE location information via the measurement report is already supported in LTE. Should NR also adopt including UE location reporting in the measurement report, unless a key difference is present between NR and LTE it seems privacy concerns are already sufficiently addressed.

Question 5) Do you agree that NR does not differ from LTE in terms what needs to be addressed for privacy when including UE location information in the measurement report? If not, please clarify any differences between NR and LTE which would introduce privacy concerns. 

	Company
	Yes/No
	Comments

	Vodafone 
	Yes
	At initial stages , or phase 1 implementation yes we agree, we do see any difference and we could re-use LTE Location information, however this may not be sufficient in the future  

	Huawei
	No
	It doesn’t mean NR need to support the same mechanism when it is already supported in LTE. NR R16 MDT supports UE reporting its location information only after UE gives its consent. If gNB requires UE to report its location directly the user consent mechanism need to be supported first.

	Sony
	Yes but
	Further study on enhanced UE location reporting should be addressed.

	Thales
	Yes
	NR has the same needs as LTE in terms of privacy policy.

	InterDigital
	Yes
	This can be the assumption.

	MediaTek
	Yes
	The MeasurementReport is already sent only after security activation, to protect the privacy of the UE.  In LTE this is considered adequate protection for the location information and we don’t see any reason it would be different in NR.

	Panasonic
	Yes
	

	Nokia
	Yes
	However, SA3 inputs would be needed.

	Ericsson
	Yes
	

	ZTE
	No 
	We share the same understanding with HW. Since the UE location information is a kind of private information, an LS should be sent to SA2 and SA3 to ask if some kind of authorization from the User is needed before collecting the UE location information based on RAN-embedded and RAN-external positioning techniques.

	OPPO
	Yes
	But also we are fine with LS checking to other WG, e.g., SA2/3.

	CATT
	Yes
	In LTE, reporting UE location info is subject to user consent, so it’s better to check with SA3 for our understanding.


Rapporteur Summary:

Almost all companies (10-2) think at this stage that NR does not differ from LTE in terms of privacy when including UE location information in the measurement report, and additional privacy concerns are not introduced. Furthermore,

· Several companies suggest further input from other working groups (e.g. SA2/SA3) may be needed.
· One company mentions that NR MDT supports reporting only after UE gives its consent, and this mechanism may need to be introduced as well.

· One company clarifies that the measurement report is only sent after security activation, and this is adequate in LTE so should be okay for NR.
Proposal 4: 
RAN2 working assumption is that privacy concerns are adequately addressed in NR when including UE location information into the measurement report (as in LTE).
3.2 Conditional Handover

In the previous email discussion [4], three NTN-specific conditional handover triggering enhancements (measurement, location, and time/timer-based), were captured and described. A comment was made that the advantages and disadvantages of each triggering method should be evaluated, leading to the following FFS:

· FFS: Pros and Cons of various triggering conditions.

In the following two questions, companies are invited to list the pros and cons of each triggering method as described in [4].

Question 6a) Companies are invited to list the pros for each respective conditional handover triggering method:
	Company
	Enhanced measurement-based triggering
	Location-based triggering
	Time(r)-based triggering

	Vodafone 
	Similar to terrestrial cellular network, the UE performs cell selection and re-selection based on cells’ signal strength. This approach required neighboring cell list to be available between the terrestrial and non-terrestrial networks 
	This approach would be useful for areas where the boundary of Satellite cells are dispersed or are undefined e.g. GEO Cells. With this method the cell selection is ‘forced’ even though the signal strength has not reached a Rx_lev_min threshold 
	This method is useful if the UE doesn’t have neighboring cell list and has wondered off the terrestrial cellular network, has lost connection to the terrestrial network and based on its internal timers, would look for the Satellite network after timer expiry 

	Huawei
	Basically same as legacy measurement based triggering, the pro is less specification impact.
	It can enable mandatory handover decision based on UE location, and is suitable for pre-determined ephemeris.
	It can enable mandatory handover decision based on timing, and is suitable for pre-determined ephemeris. And network can configure different timer lengths to different UEs, so that they will not start handover at the same time to avoid RACH congestion.

	Sony
	1. Comply with on-going CHO discussion in mobility WI
	1. Location is a relatively precise indicator to trigger HO in NTN, as both satellite and UE’s position can be acquired with high accuracy.

2. Satellite’s trajectory is predictable and its movement is much faster than UE, therefore it is easy to predict/configure the location where UE needs to perform handover. 


	1. The satellite’s trajectory is deterministic, we can roughly estimate when next satellite is going to cover a UE. 

2. If UE’s trajectory (location, direction, speed) is predictable, timer will be a good candidate to trigger HO.

	Thales
	Similar to implemented method in terrestrial network, so less impact
	The UE could begin the HO procedure before the signal quality decreases. 
	

	InterDigital
	Less specification impact
	Would be beneficial given the low RSRP/RSRQ differences in regions of NTN cell overlap.
	Would be a useful way to exploit deterministic movement of satellites

	MediaTek
	This is the baseline and hence, will already be there in R.16
	-
	-

	Panasonic
	This should be the baseline, as it will have less specification impact
	Specifying this will needs some extra efforts, but can address the issue caused by the very small RSRP/RSRQ variation due to the very long distance between the UE and GEO-NTN satellite
	-

	Nokia
	Baseline. 

Relies on available UE measurements and established channel estimation techniques.
	Enhancement. 

Could be used to better estimate target cells.
	Further enhancement. Needs to be combined with measurement based or location-based triggering.

	Ericsson
	If what is referred to here is the rel-16 baseline procedures, then pros would be less specification impact.
	Could be very useful in a GEO deployment, where the cell overlap is large, to ensure that UEs are connected to the correct cell since RSRP/RSRQ uncertainty might be large.
	For LEO this could be useful as the satellite trajectories are relatively deterministic and this should be exploited to reduce handover interruptions and reduce signaling, the details on how this is done must be studied.

	ZTE
	This should be the baseline as the measurement result shows the receiving power and quality of a cell.
	The location can be used as a supplement and trigger UE to perform HO (e.g. to HO UE to a cell in a specific country) earlier when the A3/A5 is not satisfied.
	With this information (i.e. the time when UE will perform HO), the NW can predict the requirement on the radio resource and take this into account in the admission control.

	OPPO
	Should be the baseline since less spec effort.
	Useful as complementary method considering RSRP/RSRQ inaccuracy.
	-

	CATT
	In TN system, the CHO mechanism is measurement based way, so it’s more easy to enhance for NTN system
	This method is more suitable for NTN system when considering ephemeris as UE may do less measurements for HO.
	No need to do frequent measurements for HO purpose


Rapporteur Summary:

The following pros have been listed by companies regarding the various CHO triggering conditions:

· Measurement-based:

· Less specification impact (i.e. similar to terrestrial network);

· Is supported in Rel-16 mobility enhancements WI;
· Relies on UE estimates and established channel estimation techniques;
· Is based on receiving power and cell quality.
· Location-based:

· Useful when cell boundaries are dispersed/undefined;
· Can enable mandatory HO based on UE location;
· A precise trigger as UE location can be known with a high degree of accuracy;

· Able to predict/pre-emptively configure triggering condition using satellite ephemeris and deterministic satellite movement;

· Would be useful to overcome issue of small RSRP/RSRQ variation in regions of cell overlap;
· UE may need to perform fewer measurements for HO purposes.
· Time/Timer based:

· Can be useful to maintain service continuity if UE loses terrestrial coverage;
· Can enable mandatory HO based on timing;
· Network can configure different timing lengths to mitigate possible RACH congestion;

· Can work with satellite ephemeris and exploit the deterministic movement of satellites;
· UE may need to perform fewer measurements for HO purposes.
Question 6b) Companies are invited to list the cons for each respective conditional handover triggering method:
	Company
	Enhanced measurement-based triggering
	Location-based triggering
	Time(r)-based triggering

	Vodafone 
	The limitations of this approach , particularly with the NTN networks are that 1- the neighboring cell lists on both terrestrial and non-terrestrial networks must be available to the UE during a handover or when the UE crosses the network boundaries, which may be a problem for fast moving LEO cells
2- if the cell coverage of the non-terrestrial deviate or is inconsistent see Figure 1 below
	Also see Figure 1, if the UE crosses into a NTN coverage and the NTN cell has deviated or absent, the UE will trigger a cell selection even though the cell is absent , without checking whether the cell is available or not
	Also see Figure 1, if the UE crosses into a NTN coverage and the NTN cell has deviated or is absent, the UE will trigger a cell selection when a timer has expired without checking whether the cell is available or not 

	Huawei
	Due to very similar RSRP/RSRQ of the source cell and neighbor cells, event A3 may not work, but event A5 can still be triggered if network sets appropriate thresholds.
	If network sets the wrong triggering condition, UE may find the target cell is unavailable which will leads to handover failure.
	If network sets the wrong triggering condition, UE may find the target cell is unavailable which will leads to handover failure.

	Sony
	1. It may not be effective as the cell quality difference between cell center and edge is not obvious.

2. It is not easy to configure a specific threshold to trigger the HO, considering the difference between GEO and LEO, footprint size etc.
	1. Some UEs are not equipped with positioning capability. 
	1. It may not be precise trigger, depending on the assistant information on UE’s potential trajectory.

	Thales
	The HO threshold for various kinds of satellites (GEO, LEO, beam /cell size) needs to be defined.

The frequency of measurement should be adapted for LEO with moving cells or with fast moving UE
	This solution is not available for UE without positioning capability unless the UE position could be provided by the network
	For mobile UE, this solution could have trigger error due to the precision of UE estimated trajectory



	InterDigital
	Applying the same thresholds/events as terrestrial networks may be inadequate in a NTN environment, considering large cell overlap and low RSRP/RSRQ differences
	This would require up-to-date knowledge of UE location. As well, not all UEs may have positioning capability.
	UE movement may render the triggering conditions invalid.

	MediaTek
	-
	UE needs continuous tracking of all satellites’ trajectory. This will be a very big overhead for UEs.
	Maintaining multiple timers for every UE will incur huge overhead.

	Panasonic
	Very small RSRQ/RSRQ variation could be a challenge
	-
	This might only work under the assumption that UE’s trajectory is predictable.

	Nokia
	The effectiveness of this is subject to propagation channel effects (including propagation delay).
	Requires a reliable location information at RAN before being used in any RRM function. It would also have additional signaling overhead.
	Requires time synchronization at some level. Does not handle unexpected changes in the channel conditions.

	Ericsson
	It might be difficult as the cell overlap may be large and RAN4-defined uncertainty in RSRP/RSRQ measurements can be in the order of several dB. 
	The placement of the reference locations may need careful considerations.
	The time might need to be set carefully to not cause too early or too late handovers.

	ZTE
	May not be effective to HO UE to a specific country when needed.
	(1) Since not all the UE location is available at the NW side, the location based triggering is not applicable for all the UE.
(2)The location triggering  may be configured based on the prediction of the UE movement and satellite movement and it is not clear how accurate the prediction will be. Both inaccurate prediction and unexpected changes in the channel conditions may lead to a inappropriate triggering condition and HO failure.
	The time based triggering  may be configured based on the prediction of the UE movement and satellite movement and it is not clear how accurate the prediction will be. Both inaccurate prediction and unexpected changes in the channel conditions may lead to a inappropriate triggering condition and HO failure.

	OPPO
	RSRP/RSRQ inaccuracy is the main issue.
	Not applicable to UE without position information.
	The prediction of UE movement is questionable.

	CATT
	Small RSRQ/RSRQ variation in the cell overlapping area could be a challenge
	This method is subject to UE location
	The HO accuracy  is  the main challenge.
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Figure 1 Inconsistent NTN Cell Coverage on the ground
Rapporteur Summary:

The following cons have been listed by companies regarding the various CHO triggering conditions:

· Measurement-based:

· Would require neighbouring cell lists, which may be difficult given the fast-moving nature of LEO satellites or under inconsistent/deviating cell coverage;
· Small RSRP/RSRQ differences in regions of cell overlap and propagation delay may make measurement-based triggering (e.g. A3 events) unreliable;
· May be difficult to ensure UE performs handover to a specific country.
· Location-based:

· The UE may trigger HO to an unavailable cell (e.g. the NTN cell has deviated or is inconsistent, under varying channel conditions, or if the network sets the wrong triggering condition);
· Some UEs may not have positioning capability.
· UE must continuously track the satellites trajectory, and the network will need up-to-date UE location information which may introduce high overhead.

· Time/Timer based:

· The UE may trigger HO to an unavailable cell (e.g. the NTN cell has deviated or is inconsistent, varying channel conditions, or if the network sets the wrong triggering condition);

· Depending on the accuracy of the ephemeris data and mobility of the UE, this may not be an accurate trigger which could, e.g. result in early/late HO;
· Maintaining multiple timers for every UE could introduce high overhead.

3.3 Advanced preparation based on footprint information
In the previous email discussion [4], the following description was provided for advanced preparation based on footprint information, originally proposed in [12]:

· Advanced preparation based on footprint information: the UE can be provided with beam footprint information (I.e. the size of the beam footprint, focus and movement). Once the UE reaches the cell edge, the serving gNB can start to perform HO preparation with the neighbouring target gNB, and forward the UE context in advance to pre-configure the radio resources. 

From the description provided above, there are two main aspects to consider regarding the proposed enhancement:
1. The UE is provided with beam footprint information (i.e. the size of the beam footprint, focus and movement), and once it reaches the cell edge, reports its location to the gNB.

2. Once the gNB receives this information, detecting the UE is at cell edge, it begins HO preparation with the target cell in anticipation of HO. 

During discussion, many companies were unsure of the relation and difference to HO/CHO, specifically noting that this solution may be covered by means already captured, leading to the following FFS:

· FFS: if this enhancement may be achieved by other already captured means e.g. conditional HO.
Addressing the first point, beam movement can already be determined via satellite ephemeris data. Providing additional information to the UE regarding beam center and size may be useful to indicate the UE is at beam edge, although such a solution will need to consider that a cell may be comprised of multiple beams. Furthermore, the UE may also be able to detect it is at cell edge via measurements, and given the large cell overlap in NTN there should be sufficient time to inform the gNB of its location without explicit calculation. Such a solution would be supported, for example, by including location information in the measurement report.
Regarding the second point, should the serving gNB be aware that the UE is at cell edge, advanced HO preparation could occur, however as pointed out in [13], source gNB informing target gNB is under the purview of RAN3. Should this advanced preparation have already occurred (i.e. UE obtains the target cell configuration ahead of time) triggering HO based on the UE detecting it is at cell edge is already defined by location-based conditional HO.

Question 7) Can the benefits of advanced preparation based on footprint information be achieved by other already captured means (e.g. measurement reporting enhancements, location-based CHO)? Otherwise, please indicate what aspects might not covered by existing solutions.
	Company
	Agree/Disagree
	Additional Comments/Considerations

	Vodafone 
	Agree
	Considering the long round trip delay particularly with the GEO satellites, advanced handover preparation would shorten the handover process. However’ this should occur during a hand-out scenario, where the UE is moving out of the terrestrial into the non-terrestrial network. The hand-in procedure should be much shorter so there is no need. 
For LEO moving cells. this approach could also be beneficial as it will prepare the UE to ‘jump’ on the next approaching cell. 

	Huawei
	Agree
	We don’t need to consider this enhancement separately.

	Sony
	Agree
	We think the benefits of advance preparation could be covered by location based CHO and together with location reporting if necessary.

	Thales
	Agree
	The advanced preparation based on footprint information could be covered by Location-based triggering CHO and UE location reporting.

	InterDigital
	Agree
	It seems the benefits can be realized by other already captured means or are out of RAN2 scope.

	MediaTek
	Agree
	We believe that using measurement reporting enhancements can be used to achieve the benefits of advanced preparation.

	Panasonic
	Agree
	The benefits of such enhancement seem to be covered by other means (CHO mentioned in section 3.2) already

	Nokia
	Agree
	The measurement reporting enhancements together with location based conditional HO could be enough.

The geometrical size of the beam footprint is not practical; this would require further assumptions and agreements on the satellite antenna/beam radiation patters, etc. The TR 38.811 only specifies a simplified model, while the beam shape is implementations specific and might even vary from satellite to satellite in the same network.

	Ericsson
	Agree
	

	ZTE
	Agree
	

	OPPO
	Agree
	

	CATT
	Agree
	


Rapporteur Summary:

All companies (12-0) agree that the benefits of “advance preparation based on footprint information” are supported by other already captured means.

3.4 Broadcast/groupcast signalling overhead
To reduce HO signalling overhead, it was proposed that that HO signalling common to all or a group of UEs may be broadcast/groupcast. During discussion, several companies noted however that the HO command is UE specific and requires dedicated signalling, leading to the following FFS:
· FFS: Impact to signaling overhead considering HO command is UE specific and requires dedicated signaling

The original contribution proposing the broadcast configuration enhancement [14] analysed the HO signalling content, specifically highlighting the ReconfigurationWithSync message:
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Although the UE ID must be delivered in a dedicated manner, it was proposed that two aspects of this message, T304 and spCellconfigCommon may be delivered to UEs in a broadcast manner. Such broadcast signaling would avoid redundant signaling should multiple UEs share the same value due to the deterministic movement of LEO cells. It is further noted that that this does not preclude the network provided dedicated configuration to specific UEs to override the broadcast configuration.
For transmission of this broadcast message, two options were considered: SIB or an MBMS/SC-PTM multicast-type solution. Given MBMS/SC-PTM has yet to be adopted for NR, the former solution (i.e. via SIB) was preferred, especially considering ServingCellConfigCommonSIB is pre-existing and similar.

As a detailed description of the solution has yet to be determined, it is difficult to analyze the impact on signaling overhead. Assuming a method to broadcast common HO signalling is supported in NTN (e.g. via SIB), it is instead proposed to define a set of criteria to be used to evaluate the impact of the solution. It is suggested an evaluation should consider at least the following:

1. Will enough UEs share the same value of common signaling (e.g. T304 and spCellconfigCommon) to justify broadcasting values vs. dedicated signaling?
2. Will these values remain valid for long enough such that they will not require frequent modification (either via dedicated signaling or updated broadcast message) thus reducing signaling overhead savings? 

Question 8a) Can the two above evaluation criteria be used as baseline to evaluate the signaling overhead benefits of broadcast signalling? Companies may list additional considerations (e.g. other common signalling, additional evaluation criteria etc…) relevant to signaling overhead in the “Additional Comments/Considerations” section.

	Company
	Agree/Disagree
	Additional Comments/Considerations

	Vodafone 
	Partially Agree
	As Satellite service have not been launched, it is difficult to predict whether broadcasting a mass common signalling would be beneficial instead of dedicated SIBs to UEs. This commons signaling could be useful where the UEs are at the edges of the terrestrial network and about to hand-out to the NTN network  and not on the entire terrestrial network.  
One thing to emphasize here, for the moving LEO case, is that this hand-in and hand out signaling overhead is insignificant compared with the massive signaling that the UE would experience when the cells and LEO satellites pass over their heads. 

	Huawei
	Partially agree
	Actually, the whole handover command is generated by target gNB, which includes entire RRCReconfiguration message. So we need to evaluate how much signaling can be common within RRCReconfiguration message, only evaluating ReconfigurationWithSync field is not enough. 

	Sony
	Agree
	We need further study/evaluate these aspects.

	Thales
	Agree
	Liste of parameters to be completed, not only parameters from 5G NR but also specific to NTN.

	InterDigital
	Agree
	Could be used as baseline, but as noted by other companies there may be further aspects to consider such as other common signalling, which would need to be further studied.

	MediaTek
	Agree
	These two criteria can be used as a baseline to start with.

	Panasonic
	Agree
	

	Nokia
	Agree
	Potential additional information that need to be signaled (e.g. common delay etc.) and at what rate, would be an FFS. 

Further, it needs to be analyzed, how long would it take the UE to receive all the minimum required information for NTN access.

	Ericsson
	Agree
	If the groupcast/broadcast solution should be considered, then the actual benefits in terms of signaling reductions need to be clear as there are still some information that needs to be UE-specific. 

	ZTE
	Disagree 
	It is still not quite clear to us how such a method can reduce signaling overhead.

In NR R15 HO, the HO command is generated by the target gNB and delivered to the source gNB which will then forward it to UE.

In this solution, the HO command is divided into two parts: common part and UE specific part. The common part will then be broadcast from the source gNB via BCCH and the UE specific part will be transmitted from the target gNB to UE via DCCH. The total signaling overhead is not reduced at all if signaling between UE and both the source and target gNB is taken into account.
To reduce the signaling overhead, some typical or common configurations can be specified in advance and each is linked to a index. The index instead of detailed configuration will then be provided via system information or dedicated signaling. The delta configuration (i.e. the different part from the typical configuration identified by a index) can be provided from the source gNB or the target gNB via dedicated signaling. 

	OPPO
	Agree
	

	CATT
	Agree
	The two above evaluation criteria can be considered at least as a baseline.


Rapporteur Summary:

Almost all companies (11-1) agree or partially agree to use the above evaluation criteria as a starting point to evaluate signalling overhead benefits of broadcast signalling. Furthermore:

· It was noted by several companies that other parameters may also be included in broadcast signalling (e.g. that the entire RRCReconfiguration message should be evaluated when analyzing common signalling, common delay etc..).
· One company suggests a further criteria could be how long it would take the UE to receive the minimum required information for NTN access.

· One company mentioned that this may be most beneficial in certain areas of the network (i.e. at the border between terrestrial and non-terrestrial coverage).
· One company is still unsure of the benefit of broadcast HO, as overhead may not be reduced if all signalling between the UE and both source/target cell is considered.
Proposal 5: 
The following criteria will be used as a starting point to evaluate the signalling overhead benefits of broadcast/groupcast signalling:

1. Will enough UEs share the same value of common signaling to justify broadcasting values vs. dedicated signaling?

2. Will these values remain valid for long enough such that they will not require frequent modification (either via dedicated signaling or updated broadcast message) thus reducing signaling overhead savings? 

Question 8b) Should the common HO messages instead be groupcast, are there additional signaling overhead considerations compared to broadcast signaling?
	Company
	Yes/No
	Additional Comments/Considerations

	Vodafone
	Partially agree
	As in the answer above, this ‘assisted’ handover signallling would only be useful at the edges of the terrestrial network, therefore it should  be sent to UEs about to hand-out or physically close to the network boundary.
This is an implementation decision.    

	Huawei
	No
	At least in R16, groupcast is not supported in NR. Due to lack of baseline groupcast mechanism, it’s hard to analyze the difference from broadcast signaling.

	Sony
	No
	

	Thales
	No
	No additional signaling compared to broadcast.

	InterDigital
	Yes
	Evaluation of signalling overhead should consider the signalling required to assign UEs to a group (e.g. as per the proposed method of grouping in 3.5 the network would require UE location information, signalling to provide/maintain the UEs group RNTI etc…)

	MediaTek
	No
	The same signaling (no additional) overhead considerations can be used.

	Panasonic
	No
	

	Nokia
	May be (Subjected to further analysis)
	We would like to better understand the concept of groupcast as being considered here.

It needs further analysis to understand the feasibility.

	Ericsson
	No
	The benefits would need to be very clear as groupcast is currently not supported and there some details missing to understand whether this is feasible.

	ZTE
	No
	We would like to better understand what is the groupcast signaling here and what is the benefit compared to broadcast signaling.

	OPPO
	
	No group-cast in Rel-16 NR, so hard to do the evaluation.

	CATT
	No
	


Rapporteur Summary:

A majority of companies (8-2, with two unsure) think that no additional signalling overhead considerations are necessary for groupcast signalling as compared to broadcast signalling
· Several companies mention that it is difficult to analyze the differences as a groupcast mechanism has yet to be finalized, and further analysis is needed to fully understand the impact/benefit/feasibility of groupcast HO.
3.5 Groupcast signalling: efficient grouping of UEs
In addition to broadcast HO signalling, groupcast HO signalling was captured as a potential alternative. During discussion several companies noted that groupcast HO configuration has the additional complexity of efficiently grouping UEs, leading to the following FFS:
· FFS: How to efficiently group UEs together

Noting that NTN cells are large and radio conditions may be similar for many UEs, the original contribution [15] proposes that UEs may be grouped based on UE location or if UEs share similar capabilities. UEs within a group would be provided a group RNTI for PDCCH addressing for the HO Command message, and various methods such as CFRA or RACH back-off can mitigate the impact of RACH storms.
Question 9) For each currently proposed method of grouping (i.e. location and UE capability), please indicate either “Supported” or “Not Supported”. Companies may propose additional methods of UE grouping in the “Other” section.
	Company
	Method of Grouping
	Comments

	
	Location
	Capability
	Other
	

	Vodafone 
	Supported 
	Not supported
	
	This feature would only be useful if the UEs are at the edges of the terrestrial network and a ‘support’ hand over signaling is transmitted to these UEs
Grouping UEs with capability is irrelevant for this application as the assumption is that conventional UEs will be able to use the non-terrestrial services! 
This feature is an implementation decision.    

	Huawei
	supported
	Not supported
	
	Location can be used for grouping UE as illustrated in Fig.2, the UEs in the cell edge can be in the same group. There is no direct logic between UE capability and handover, so we don’t think UE capability can impact UE grouping.

	Sony
	Supported
	Not sure
	
	For capability, not sure whether it works on its own or need to combine with other factors.

	Thales
	Supported
	Not Supported
	
	UEs that are close to the cell edge are more likely realize a HO, so grouping theses UE is the simplest solution.

Grouping UE by capability is not necessary. 

	InterDigital
	Supported
	Not Supported
	
	Agree with Thales

	MediaTek
	Supported
	Not Sure
	
	We agree with Thales and others.

	Panasonic
	Supported 
	Not supported
	
	Not sure how the capability thing works

	Nokia
	
	
	
	As commented in the previous question, we would like to better understand the concept of groupcast before we could comment on this.

	Ericsson
	
	
	
	See response to Q8b.

	ZTE
	
	
	
	We cannot see clear need to support groupcast signaling when the broadcast signaling is supported.

	OPPO
	
	
	
	See response to Q8b

	CATT
	
	
	
	We don’t support groupcast signaling method if broadcast signaling way is supported.


Rapporteur Summary:

All companies that provided a response (7-0, 5 did not respond) support UE location-based grouping, and all companies that provided a response (7-0, 5 did not respond) do not support grouping based on UE capability. Furthermore,
· Many companies note that they would prefer to better understand how group-cast HO would function before commenting, and a comparison with broadcast signalling should be performed.

· Several companies note that UEs close to the cell edge are more likely to realize handover, and a natural solution would be to group these UEs together (similar to Figure 2).

· It was also noted that this would be useful to UEs at the edge of a terrestrial network, and this may be an implementation issue.
3.6 Bulk HO signalling
Given the deterministic nature of LEO cell movement, a mobility enhancement was proposed stating that configurations for multiple upcoming cells may be provided in one shot, further noting that this enhancement would be most suitable for low mobility UEs.

During discussion it was noted by several companies that the proposed enhancement is similar to ongoing discussion in the mobility WI, and that conditional HO already supports having more than one target cell, leading to the following FFS:
· FFS: if this topic is covered in the mobility enhancements WI.

The similarity between bulk HO signalling and conditional HO was addressed in a follow-up contribution by the original proposing company [16], where the following argument was presented:

“The difference with conditional handover is where the target cell information will be included. In conditional handover, the target cell information together with handover conditions will be included in conditional handover command whereas in bulk handover signalling those information will be merged with e.g. RRC connection setup message which would further reduce the handover signalling overhead.”
Question 10) Considering the above explanation, do you agree that bulk HO is different from ongoing efforts in the mobility enhancements WI (e.g. multiple target cells in conditional handover)?

	Company
	Agree/Disagree
	Comments

	Vodafone 
	Agree 
	The conditional handover, for satellite coverage application may add more complexity to the overall solution. Therefore, for the initial phase of deployment we do not see any need for this. 
Furthermore, as stated previously, we have to be careful in sending bulk handover to all cells. 

This is an implementation decision.    

	Huawei
	Agree
	In our opinion, CHO is only for one-shot handover, but bulk HO means network need to indicate the target cells for subsequent upcoming handovers to UE. So they are different solutions. But the benefit of bulk HO is still not so clear, because if UEs switch off or move fast without pre-determined path information, the pre-configured HO commands for upcoming handovers will be wasted or cannot work. 

	Sony
	Agree
	CHO and bulk signaling are different solutions. To address the feasibility and radio resource waste issue, only trigger criteria is provided during setup, actual trigger for HO could be timer based and/or location based.

So, it is just another tool on the network side to provide HO configuration at a different time i.e. during connection setup or bearer setup and avoid the scenario where bulk signaling is generated when all connected UEs in a cell meet the CHO or HO trigger criteria.

	Thales
	Agree
	They are different solutions. We suggest to keep both methods.

	InterDigital
	Agree
	Agree with Sony.

	MediaTek
	Agree
	Merging of information in RRC Connection Setup message can reduce the HO signaling load, comparing to conditional handover.

	Panasonic
	Agree
	They are different solutions, but the benefits of bulk HO are not so clear to the UEs with high-mobility

	Nokia
	Partly agree
	

	Ericsson
	Agree
	It addresses different problems, but the question is whether this solution if beneficial and/or to be captured. We think that the benefits need to be clear first.

	ZTE
	Partly agree
	We agree the bulk HO is different from the CHO but more details should be clarified how the whole mechanism works. 


	OPPO
	Agree
	

	CATT
	Agree
	But the benefits of bulk HO are not so clear if UEs are moving with high speed as the preconfigured CHO configuration may be invalid sometime.


Rapporteur Summary:

All companies (12-0) agree or partially agree that “Bulk HO” is a different solution than conditional HO. Furthermore:
· Several companies clarified their understanding of the enhancement, noting that CHO is for one-shot HO, and that Bulk HO indicates the target cells for several cells, with only trigger criteria provided during setup (i.e. RRC Connection Setup message).

· Several companies re-iterated that this may not be a feasible solution for high-mobility UEs.

· A few companies think that the details/benefits of Bulk HO should be further analyzed.
3.7 Enhancements for propagation delay difference
In addition to the issue listed in 2.3, a possible solution was identified to address the impact of propagation delay difference on measurements are:
1. Network compensation [6]: The network can compensate for propagation delay differences in the UE measurement window, e.g. via system information, or in a UE specific manner via dedicated signalling. 
Question 11) For the proposed enhancement above, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comment section.

	Company
	Prioritized/Captured/ Not Captured
	Comments

	Vodafone
	Prioritized 
	We agreed that this is an important issue to be resolved, however there must be a way of adjusting this ‘propagation delay’ for various GEO and LEO satellites, for example propagation delay of two different LEO constellations may not be equal and there should be a way of adjusting for differences in Satellite altitude etc.
The elegant solution would be to have some advanced information from the satellite constellation and provide “advanced handover information” to the UE. 

	Huawei
	Captured
	We agree to further consider this issue, and network compensation can be listed as one option.

	Sony
	Prioritized
	The issue should be addressed otherwise a NTN UE may miss the neighbor cell measurement opportunity。 

	Thales
	Prioritized
	This issue is important in HO procedure.

	InterDigital
	Captured
	This is one possible solution, however should not preclude others after further analysis of the problem.

	MediaTek
	Captured
	In NTN, gNB can compensate the propagation delay differences in the UE measurement window via SI or by dedicated siganling. 

	Panasonic
	Captured
	This can be one of the possibilities

	Nokia
	Prioritized
	

	Ericsson
	Captured
	Isnt this the same one as in section 3.2 Q3?

	ZTE
	Captured
	

	OPPO
	Captured
	

	CATT
	Prioritized
	We think this issue is essential for HO, but agree with InterDigital that any other optiona are not precluded.


Rapporteur Summary:

All companies (12-0) agree that “Network compensation” should be captured as a possible enhancement to address impact of propagation delay on measurements. Furthermore:

· (5) companies think this solution should be prioritized

· Several companies noted that this is captured as an option, however other possible solutions could be considered (e.g. advanced information from the satellite constellation).

Proposal 6: 
“Network compensation” is captured in TR 38.821 as possible NTN mobility enhancement to address the impact of propagation delay on measurements. 
Proposal 7: 
Include the companion text proposal in TR 38.821. 
4 Conclusion

Based on input provided by companies, the following proposals are presented:

Proposal 1: 
“Average HO rate” is included in TR 38.821 as a method to define the challenge “HO for a large number of UEs”.

Proposal 2: 
“Impact of propagation delay on measurements” is captured in TR 38.821 as an NTN mobility challenge for GEO, and high-priority issue for LEO. FFS the scale of this issue in GEO systems given the stationary nature of GEO satellites

Proposal 3: 
Information contained in the LTE IE LocationInfo will be used as baseline when evaluating GNSS signalling overhead. FFS: if other possible parameters may also be considered e.g. additional parameters, if any, from Table 8.1.2.2-1 in 36.305.
Proposal 4: 
RAN2 working assumption is that privacy concerns are adequately addressed in NR when including UE location information into the measurement report (as in LTE).
Proposal 5: 
The following criteria will be used as a starting point to evaluate the signalling overhead benefits of broadcast/groupcast signalling:

1. Will enough UEs share the same value of common signaling to justify broadcasting values vs. dedicated signaling?

2. Will these values remain valid for long enough such that they will not require frequent modification (either via dedicated signaling or updated broadcast message) thus reducing signaling overhead savings? 

Proposal 6: 
“Network compensation” is captured in TR 38.821 as possible NTN mobility enhancement to address the impact of propagation delay on measurements. 
Proposal 7: 
Include the companion text proposal in TR 38.821. 
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