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1 Introduction

The following email discussion is to capture and discuss mobility challenges and possible solutions for non-terrestrial networks proposed so far in RAN2:
· [106#73][NR/NTN ] Mobility issues and solutions (InterDigital )

-
Capture and discuss the mobility issues 

-
Capture and discuss the solutions proposed in RAN2 contributions so far


Intended outcome:  TP capturing issues and possible solutions 


Deadline: August 12, 2019 

The following schedule is proposed:
· Phase 1: Companies are invited to comment on the following questions pertaining to mobility challenges/solutions

· Deadline for comment on August 8th
· Phase 2: Email rapporteur will generate a draft TP based off company comments by August 8th, after which companies are invited to provide additional input on the draft TP.
· Deadline for comment on summary/draft TP: August 14th.
2 General Mobility Discussion
2.1 Cell Level and Beam level mobility

As described in 38.300, for UEs in RRC_CONNECTED there are two types of mobility: cell and beam level mobility. Cell level mobility requires explicit RRC signaling to be triggered, whereas beam level mobility does not require explicit RRC signaling and is dealt with at lower layers by means of physical layer and MAC layer control signaling.

Question 1) Do you agree that only cell level mobility should be considered from a RAN2 perspective?
	Company
	Agree/Disagree
	Comments

	Huawei
	Agree
	Beam level mobility is in RAN1 scope.

	Thales
	Agree
	Cell level mobility considered at RAN2. Beam level mobility considered at RAN1.

	Sony
	Agree
	Beam level mobility is up to RAN1.

	MediaTek
	Agree
	We agree with others that cell level mobility should be considered in RAN 2.

	Nomor Research
	Agree
	Cell level mobility considered at RAN2. Beam level mobility considered at RAN1.

	Spreadtrum
	Agree
	Beam level mobility is up to RAN1.

	CATT
	Agree
	Beam management is up to RAN1

	Panasonic
	Agree
	Beam level mobility should be discussed in RAN1.

	OPPO
	Agree
	Beam level mobility is considered in RAN1.

	Ericsson
	agree
	Ran1 topic

	ETRI
	Agree
	Beam leve mobility is in RAN1 scope. 

	LG
	Agree
	Same understanding that the beam level mobility is in RAN2 scope.

	InterDigital
	Agree
	Beam level mobility is up to RAN1

	EUTELSAT
	Agree
	Out of scope of RAN 2 . RAN 1 scope.

	Inmarsat
	Agree
	Beam management is in RAN1

	Fraunhofer
	Agree
	

	ITRI
	Agree
	Beam level mobility is up to RAN1.

	Nokia
	Agree
	

	Intel
	Agree
	

	ZTE
	Agree
	


Rapporteur Summary:
All (20) companies agree that only cell level mobility is considered from a RAN2 perspective, further noting beam level mobility is up to RAN1.

Proposal 1:
Only cell level mobility is considered in NTN from RAN2 perspective.

2.2 Considered Deployment scenarios in NTN
In TR 38.821, the following deployment scenarios have been described:

· A: GEO transparent payload
· B: GEO regenerative payload
· C1: LEO transparent payload, steerable beams
· C2: LEO transparent payload, moving beams
· D1: LEO regenerative payload, steerable beams
· D2: LEO regenerative payload, moving beams
Based on outcome of RAN3 work, the following recommendations have been made with regards to prioritization of NTN architectures [1]:

	There are no showstoppers to support any identified architecture options in clause 8:

· Transparent satellite based NG-RAN architecture

· Regenerative satellite based NG-RAN architectures

For a potential normative phase, it is proposed to focus on the following

· GEO based satellite access with transparent payloads

· LEO based satellite access with regenerative payloads


Question 2) When discussing NTN mobility challenges/solutions, RAN2 will prioritize architectures recommended by RAN3 (i.e. transparent GEO and regenerative LEO).
	 Company
	Agree/Disagree
	Comments

	Huawei
	Agree
	Considering the limited online discussion time, we are fine to focus on the recommended scenarios.

	Thales
	Agree
	LEO regenerative: steerable (fix) beams and moving beams. GEO transparent as a worst case scenario. For satellite operators, GEO regenerative can be an attractive service solution, but can be done FFS.

	Sony
	Agree
	We agree with prioritizing two scenarios (A and D2) recommended by RAN3. However, we noticed that RAN1 is also prioritizing scenario C2 in their work and there should be consistency across different WGs.

	MediaTek
	Agree but
	We think that LEO-transparent and GEO-transparent scenarios should be standardized first as regenerative scenarios involve significant additional 
ignaling overhead in the ISL links.

	Nomor Research
	Agree
	

	Spreadtrum
	Agree
	

	CATT
	Agree but
	We think C2 is a simple and typical scenario, which should also be prioritized.

	Panasonic
	Agree
	

	OPPO
	Agree 
	We agree to prioritize the scenarios recommended by RAN3.

	Ericsson
	
	Ok, to prioritize these scenarios in the rest of study item

	ETRI
	Agree
	We think that scenario A and D2, which are the worst case of delay and satellite movement, should be prioritized in this release,

	LG
	Agree
	Same view with Huawei.

	InterDigital
	Agree
	

	EUTELSAT
	Agree but
	As Mediatek, LEO transparent should be standardized as less complex scenario then regenerative.

	Inmarsat
	Agree
	We agree to prioritize the proposed scenarios

	Fraunhofer
	Agree
	RAN2 should adopt the prioritization from RAN3, but could also address additional deployment scenarios if possible.

	ITRI
	Agree but
	We agree with Sony and CATT that scenario C2 should also be prioritized.

	Nokia
	Agree, however
	We think, LEO based satellite access with transparent payloads should also be considered in the RAN2 mobility studies with priority to scenario C2 and D2.

	Intel
	Agree
	

	ZTE
	Agree
	


Rapporteur Summary:


All (20) companies agree that when discussing NTN mobility challenges and solutions, RAN2 can follow RAN3 recommendations and prioritize GEO transparent and LEO regenerative architectures in further study, However:

· Several companies have mentioned that LEO transparent scenario, specifically C2 should be considered, further stating C2 is under consideration by RAN1.
Proposal 2:
When discussing NTN mobility challenges/solutions, RAN2 will prioritize transparent GEO (A) and LEO with moving beam (C2, D2) architectures during the study item phase. Additional scenarios may be considered pending outcome of NTN study in RAN1.
3 Mobility Challenges for Non-Terrestrial Networks

Based on the outcome of a previous email discussion [2], the following general challenges to non-terrestrial mobility have been identified and captured in TR 38.821 [1]:
	For GEO NTN, mobility management procedures require adaptations to accommodate large propagation delay. In particular radio link management may require specific configuration.

For LEO NTN, mobility management procedures should be enhanced to take into account satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic 
eighbor cell set.


These challenges were elaborated upon in contributions submitted to the proceeding meetings (RAN2# 105bis and RAN2#106), identifying the specific issues listed in this section. The descriptions provided are meant as a brief summary of the challenge, and companies are encouraged to refer to the referenced contributions for a more thorough description of the issue.
Given GEO and LEO deployments possess different characteristics, certain challenges may apply to a different degree, or may not apply at all.  For each of the challenges identified below, companies are invited to, for each deployment scenario, provide one of three answers:
· High Priority: The challenge should be captured in TR 38.821, and RAN2 should recommend addressing the challenge with priority in a normative phase.

· Low Priority: The challenge should be captured in TR 38.821. The challenge can be considered in a normative phase.
· N/A: The challenge does not apply for a given deployment scenario (or at all) and should not be captured in TR 38.821.
3.1  Latency associated with mobility signalling [4, 9, 12-15]
Propagation delay in NTN systems is orders of magnitude higher than terrestrial systems (e.g. up to 544 ms RTT for GEO scenarios, 28.4 ms RTT for LEO scenarios). This introduces additional latency to mobility signaling such as measurement reporting, reception of the HO command, and HO request/ACK (if the target cell originates from a different satellite). Signaling latency on the Xn interface is dependent on constellation assumptions and satellite configuration (i.e. transparent vs. regenerative) and may be transmitted directly between satellites via inter-satellite links (ISL) or via other means. An analysis of service interruption time [14] and control plane latency [15] can be found in the respective references.

Question 3) For each deployment scenario, please indicate whether latency to mobility signaling should be addressed in a normative phase with “HIGH” priority, “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	High
	Low
	Long latency has two possible impacts on mobility signaling:

(1) The long latency will cause long service interruption time during handover procedure. The random access is about 2.176s and 56.8ms for GEO scenario and LEO scenario respectively. So, we need to deal with GEO scenario with high priority.

(2) But long latency will not make UE fail to receive HO command. We evaluate this latency impact by taking airplane as an example, with 1000km/h speed:

a) GEO, assume 1s latency from UE reporting measurement results to UE receiving HO command, during this time, UE just moves 0.28Km, which is about  3/10000 of the cell diameter of GEO cell (1000km). 

b) LEO, assuming 100ms latency from UE reporting measurement results to UE receiving HO command, during this time, UE moves 0.028Km, and satellite moves  about 1Km. It is about 1/100 of 100km LEO cell diameter.

So, it is not very challenging for UE to move out of satellite cell which means UE can still receive HO command successfully, so this impact is not very large.



	Thales
	High
	High
	NTN system have a higher latency than TN, both scenarios should be addressed. LEO has a much lower latency impact than GEO, but at least it should be confirmed if no impact on existing TN protocols.

	Sony
	HIGH
	HIGH
	Latency is a known issue for GEOs. We think it is also an issue for LEOs because of relative speed of movement between UE and satellite and its impact on HO failures.

	MediaTek
	LOW
	HIGH
	For GEO-NTNs, the satellites are stationary with respect to the earth. Given the large cell sizes, relative movement by the UE is negligible. Hence, existing mobility mechanisms, such as threshold based measurements in idle and connected mode can be reused with an additional offset to compensate for mobility signaling latency. 

For LEO-NTNs, the satellites are moving at a high speed. The latency associated with mobility signaling should be treated with high priority to avoid handover/reselection failures due to satellite movement. Satellite ephemeris, such as next cell information could be useful in this regard.

	Nomor Research
	High
	High
	While the LEO latency is much lower compared to GEO, it is still critical due to the fast mobility of LEO satellites. Overall both deployment scenarios are of high priority. 

	Spreadtrum
	High
	High
	We think that the main issue for GEO is service continuity while the main issue for LEO is high speed moving of satellites.

	CATT
	High
	High
	The long latency will have serious impact on RACH procedure and service interruption time no matter for GEO or LEO, but there is no risk for UE missing HO command.

	Panasonic
	HIGH
	LOW
	Signaling latency in GEO is much larger than the latency in terrestrial/LEO, which may result in unacceptable HO interruption time. Given the time is limited, we should prioritize handling the latency issue in GEO. If there is any time remaining, we can consider to address the LEO latency issue.

	OPPO
	High
	High
	Latency issue shall be considered in NTN especially for GEO with large propagation delay.  In addition, for LEO, frequently mobility caused by high speed should also consider the latency issue.

	Ericsson
	high
	high
	Latency is more severe in case of GEO. When solution options are captured in TR, it is quite unclear why a solution option e.g. to tackle PDCP packet loss during HO would work for GEO but not for LEO. That is solutions are not for a certain scenario.


	ETRI
	High
	Low
	The HO signaling latency including HO failure is a main challenge in GEO scenarios. LEO scenario will have less impact.

	LG
	HIGH 
	HIGH
	GEO has very long propagation delay, so when the UE provides measurement report and then the network transmits the handover command to the UE, the handover command may be already invalid. 

LEO satellites repeatedly appear and disappear from UE’s point of view, so we need to address the mobility to/from LEO very precisely.

Therefore, we think latency to mobility signaling in the case of GEO from/to LEO, and LEO to LEO shall be prioritized.

	InterDigital
	High
	High
	Even in the best-case scenario (LEO regenerative) propagation delay in NTN systems is orders of magnitude greater than terrestrial systems, and should be addressed.

	EUTELSAT
	Low
	High
	I agree that the mobility issue due to GEO latency need to be address, but LEO is introducing an other issue which  is  high speed that cause frequently mobility. The latency associated with mobility signaling should be treated with high priority to avoid reselection & handover  failures due to the high speed induce by such satellite.   

	Inmarsat
	HIGH
	HIGH
	Latency issue shall be considered in all NTN scenarios

	Fraunhofer
	High
	High
	Both GEO and LEO should be equally prioritized. The GEO due to the long RTT and the LEO due to its high velocity.

	ITRI
	High
	High
	Long latency of mobility signaling may cause long HO interruption time. This should be addressed with high priority for both GEO and LEO scenarios, which has much longer latency than TN scenario.

	Nokia
	Low
	High
	In LEO, latency in mobility related signaling is critical given the HOs are more frequent. 

	Intel
	High
	High
	

	ZTE
	High
	High
	The latency issue which will cause more service interruption time is more severe for GEO case but both GEO and LEO should be addressed when considering the solution.


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:
	
	High Priority
	Low Priority
	N/A

	GEO 
	17
	3
	0

	LEO
	17
	3
	0


A clear majority (17/20) think that latency to mobility signaling is a high priority issue for both LEO and GEO scenarios. Furthermore:
· Many companies mention satellite speed and/or frequent handover of LEO is a consideration for mobility signaling latency, specifically to avoid reselection and HO failures.
· Several companies note that GEO deployments have a higher latency than LEO.
· (2) companies note that although causing potential service interruption, long latency will not result in the UE missing the HO command. 
· It was mentioned that solutions may apply to both scenarios,
3.2 Measurement validity [2, 13]

Baseline mobility procedures in Rel-15 NR leverage UE measurement reports, transmitted periodically, or triggered based on measurement events such as the RSRP/RSRQ of a neighboring cell becoming better than the serving cell (i.e. the A3 measurement event). The UE may then be handed over to a target cell via reception of a HO command from the NW, which contains the target cell configuration.
Extending such mechanisms to NTN may introduce the risk of outdated measurements if there is sufficient delay between transmission of the measurement report and reception of the HO command, the measurements may no longer be valid, possibly leading to an incorrect mobility action e.g. early/late handover. 

Should handover be performed too early, there is a risk the UE will ping pong back to the original cell, and should it occur too late the UE will be camped on a sub-optimal cell. Both cases will lead to an overall reduction in handover robustness, and possible service interruption due to mobility signaling latency as described in the previous section.
Question 4) For each deployment scenario, please indicate whether measurement validity should be addressed in a normative phase with “HIGH” priority, “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	N/A
	LOW
	Since the near-far effect is not obvious in NTN, and UE can still apply L3 filtering to reduce fluctuation of signal quality, the possibility of measurement becoming invalid during the time between transmission of the measurement report and reception of the HO command may not be very high.

	Thales
	
	
	RSRP/RSRQ measurements can still be used for NTN with certain adjustements.

	Sony
	LOW
	LOW
	Measurement validity is indeed an issue in NTN and could be solved/eased via other solutions as well, e.g. not directly optimizing measurement configuration.

	MediaTek
	N/A
	LOW
	Measurement validity can be resolved by the network by suitably configuring hysteresis to avoid ping pong at the cell boundaries.

For GEO-NTN, UE’s mobility is relatively low and cell sizes are large. Hence, existing hysteresis methods (Rel. 15) should be sufficient. 
For LEO-NTNs, the satellites (and cells) are moving at a very high speed. There will be frequent handovers, arising from satellites’ movement. Compared to satellites’ movement, mobility associated with the UE is negligible (e.g. 1000kmph for airplane UEs vs. 28,000kmph for LEO satellites). Hence, mobility mechanisms based on UE movement, such as measurement events will have a lower impact. Instead the known trajectory of satellite plays a greater role in mobility compared to the UE’s movement and the associated MR. As mentioned in our response to Question 3), satellite ephemeris, such as next cell information could be useful.

	Nomor Research
	N/A
	LOW
	For GEO-NTN, existing hysteresis methods (Rel. 15) should be sufficient. 

	Spreadtrum
	N/A
	LOW
	The problem is not existing in GEO for cell size is large and the overlap between 2 boarded cells is large. For LEO, measurement report is valid within latency of tens of milliseconds with consideration that near-far effect is not as obvious as in TN.

	CATT
	N/A
	LOW
	For GEO, the overlapping area between two cells is big enough, measurement validity is always fulfilled.
For LEO, maybe the risk of getting an invalid measurement is higher than that in GEO scenario. The impact can be limited by designing a reasonable overlapping area between cells.

	Panasonic
	N/A
	LOW
	For GEO-NTN, RSRP/RSRQ measurement is to be used together with other information such as UE location and satellite ephemeris to trigger the HO. The measurement validity is not that important. Besides, even if measurement validity is really an issue, we can still rely on the conditional HO. 

For LEO-NTN, we share the same view as MediaTek. 

	OPPO
	N/A
	Low 
	The measurement validity problem does not exist for GEO since UE movement is negligible comparing to satellites.
For LEO, the latency is relatively low and the measurement validity issue can be resolved by other solution.

	Ericsson
	N/A
	LOW
	As said in previous responses, it does not seem to be an issue due to large cell size. Location aided mobility is discussed separately and there are also other reasons to support that. 



	ETRI
	Low
	Low 
	The measurement validity are not a high priority issue. The RSRP/RSRQ measurement as well the location information should be considered in mobility procedures. 

	LG
	N/A

	HIGH
	We think measurement results of GEO might not vary much. Therefore, we need to prioritize the LEO case.

As LEO satellites move on predictable path, we expect that the network can accumulate the measurement reports from the UEs and then provide appropriate handover command or CHO configuration. However, in order to provide appropriate handover command, we may consider providing feedback of invalid handover command, which is being discussed in question 14.

	InterDigital
	N/A
	Low
	For GEO, there is small variation in signal strength as referenced in 3.3, therefore it is expected that this will not be a concern.

For LEO, the movement of the satellite combined with propagation delay may result in outdated measurements, however as in the case of GEO the small variation in signal strength should limit the impact.

	EUTELSAT
	N/A
	HIGH
	Not really an issue for GEO but rather for LEO. Therefore, measurement validaty  issue in LEO case need to be address in priority.

	Inmarsat
	N/A
	Low
	Due to the cell layout (cell size, overlapping areas, relative movement) of GEO satellites the the delay does not influences significantly the validity of the measurements. In LEO the measurement validity issue can be handled by other solutions.

	Fraunhofer
	N/A
	Low
	We agree with MediaTek that the satellite ephemeris could be useful especially for LEOs, although the UE’s location needs to be known in that case as well. Thus, we might need to differentiate between UEs with and without GNSS capabilities.

	ITRI
	N/A
	LOW
	For GEO, since the satellites are stationary with respect to the earth, the cell sizes are large, and the relative movement of UE is negligible, the measurement should be always valid, although the delay between transmission of measurement report and reception of HO command may be large.

Different from GEO, LEO may encounter frequent handovers due to satellites’ high-speed movement. Nevertheless, as mentioned by MediaTek, satellite ephemeris could be helpful even if there exists possibility that measurement becomes invalid.

	Nokia
	Low
	High
	Baseline mobility procedures rely on measurements and measurement reports.

	ZTE
	N/A
	N/A
	The typical TN cell size is 500m in diameter while the satellite beam diameter can be 100km-1000km for GEO and 50km-500km for LEO. Thus, the cell size in NTN is much larger than TN even when a NTN cell is covered by only one beam. In addition, considering the near-far effect in NTN cell, the measurement invalidity problem will not exist for either LEO or GEO.


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:

	
	High Priority
	Low Priority
	N/A

	GEO 
	0
	3
	15

	LEO
	3
	14
	1


There is clear consensus (15/18) that the issue of measurement validity is not applicable to GEO scenarios, whereas a large majority (14/18) suggest that this be addressed with a low priority for LEO scenarios. Furthermore:
· Many companies clarify this is not an issue for GEO due to: large cell size/cell overlap, relatively low UE mobility, and small signal variation.
· Several companies note the use of satellite ephemeris and/or UE location would be beneficial to address this issue.
· Several companies think this can be addressed for at least the GEO scenario by a suitably configured hysteresis.

· Several companies note that although latency is reduced in LEO as compared to GEO, satellite movement may have an impact on measurement validity.
3.3 Cell overlap and near-far effect in NTN [6 – 8]

The total footprint of satellite coverage consists of multiple spot beams with typical diameters ranging from 200-1000 km in GEO deployments, and 100-500 km in LEO deployments. Though estimated as hexagonal and mutually exclusive, in practical deployments there are areas of overlap at the beam edge which can be significant when compared to the terrestrial case. 
In terrestrial systems, a UE can determine it is near the edge of a cell due to the near-far effect – a clear difference in RSRP in the center of a cell as compared to cell edge. As shown in [6] and [8] such an effect may not be as pronounced in non-terrestrial deployments, thus the difference in signal strength between two beams in overlap region may be low.
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Figure 1 [8]. A sketch of near-far effect in different scenarios: (a) Terrestrial Network; (b) NTN

As the Rel-15 handover mechanism is based on A3 measurement events, the UE may have difficulty distinguishing the better cell in areas of overlap. Considered in conjunction with possibly outdated measurements as elaborated on in section 3.1, such a scenario could lead to the UE ping-ponging back and forth between cells, and an overall reduction in handover robustness.
Question 5) For each deployment scenario, please indicate whether low RSRP differences in regions of cell overlap should be addressed in a normative phase with “HIGH” priority, “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	High
	High
	If we still use event A3 to trigger handover, one possible issue is that UE may have moved out of source cell when event A3 is triggered. Then, it may fail to receive HO command.

	Thales
	High
	High
	Both scenarios need to be addressed. They could even share the same kind of solutions

	Sony
	N/A
	N/A
	RSRP difference may not be significant enough to be used as a trigger for HO. So, RAN2 should focus on procedures that use as few measurements as possible.

	MediaTek
	LOW
	N/A
	For GEO-NTNs, UE’s mobility is relatively low and cell sizes are large. An increase in “time to trigger” of MR will ensure that the cell edge conditions (RSRP or RSRQ differences) are correctly detected. This will resolve the problem.
For LEO-NTN, as indicated in our response to Question 4), UE’s movement is negligible compared to the satellite’s movement. Hence, the impact of near-far effect is insignificant compared to satellite’s movement.

	Nomor Research
	High
	High
	Both scenarios need to be addressed. RSRP based methods should be complemented by solutions not based on RSRP e.g. positioning based HO thresholds and Conditional Handover methods based on known mobility patterns of GEO satellites.

	Spreadtrum
	High
	High
	It’s the significant difference from TN.

	CATT
	High
	High
	Low RSRP differences is a typical difference between NTN and TN. This new feature may have serious impact on measurement triggering condition as the current measurement triggering condition is based on the big near-far effect. The current measurement triggering condition may cause frequent miscarriage of judgment.

	Panasonic
	HIGH
	LOW
	Whatever solutions (e.g., conditional HO, HO triggered by UE location and satellite ephemeris) we decide to apply to GEO-NTN scenario can be also applied to LEO-NTN scenario.

	OPPO
	High
	Low
	Both GEO and LEO scenarios should be addressed.

	Ericsson
	high
	high
	Location reporting, or location based triggering of measurement report should be captured in TR as a solution option. Again, a solution is not specific to a scenario even different scenario might have different reasons to apply the solution.


	ETRI
	High
	High
	Low RSRP differences in the overlapped coverage is an important issue in NTN.

	LG
	N/A
	N/A
	Regardless whether the UE is at the center of the coverage or edge of the coverage, the higher RSRP means the better cell. 

For idle/inactive mode, we already have Treselection to avoid ping pong mobility. Therefore, longer Treselection v alue by GEO may solve this issue. For connected mode, if the UE location information is know to the UE, the network can appropriately provide handover command to the UEs.

	InterDigital
	High
	High
	Regardless of scenario (GEO or LEO), the cell size is orders of magnitude greater than the terrestrial case, resulting in large regions of overlap between cells with minimal difference in RSRP. To avoid service interruption and unnecessary signaling overhead due to UEs ping-ponging between cells, enhancements should be considered.

	EUTELSAT
	N/A
	High
	LEO should be address or at least confirm that they is no impact due to the fact that the UE is moving sowly compare to satellite.

	Inmarsat
	High
	High
	Both scenarios need to be addressed

	Fraunhofer
	High
	High
	In order to support UEs without GNSS capabilities a solution solely based on RSRP measurements may be desirable.

	ITRI
	Low 
	Low
	Although low RSRP differences is indeed a significant difference between NTN and TN, some possible solutions could reduce the impact of it on HO. For example, making use of satellite ephemeris rather than relying on measurements only.

	Nokia
	N/A
	Low
	We think, the existing measurement-based mobility procedures should be able to handle the ‘near-far’ effect.

	Intel
	High
	High
	

	ZTE
	High
	High
	Considering the near-far effect in NTN cells, the event A3 may not be sufficient. The UE location information can be a kind of assistance information in mobility handling.


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:

	
	High Priority
	Low Priority
	N/A

	GEO 
	14
	2
	4

	LEO
	13
	4
	3


There is a clear majority which think cell overlap and the near-far effect should be addressed with HIGH priority for both GEO (14/20) and LEO (13/20). Furthermore:
· Many companies suggest location information and/or satellite ephemeris would be useful in addition to measurement results.
· Several companies suggest that solutions may apply to both scenarios.
3.4 Frequency of HO and UE speed [3, 9, 13]
Satellites in non-GEO orbits move with high speed relative to a fixed position on earth, leading to frequent and unavoidable handover for stationary UEs. As UE speeds up to 1000 km/hr are considered in NTN, depending on the direction of UE movement, the frequency of handover for moving UEs could be slightly reduced (UE movement in same direction as satellite) or be even greater (UE movement in opposite direction of satellite). 

As noted in [9], such frequent and unavoidable handover may result in significant signaling overhead [3] and impact power consumption, as well as exacerbating other potential challenges related to mobility e.g. signaling latency, measurement validity, and cell overlap/near far effect elaborated on in previous sections.
Question 6) For each deployment scenario, please indicate whether frequency of HO and UE speed should be addressed in a normative phase with “HIGH” priority, “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	N/A
	LOW
	· No frequent HO in GEO scenario.
· Due to the high speed motion of satellite, the frequent HO phenomenon is unavoidable. But the UE speed has little impact on HO frequency because its speed is negligible compared to that of LEO satellite. There seems no obvious optimization solution to lower down the HO frequency, we may put our attention to other enhancements first.

	Thales
	High
	High
	LEO with moving beams would represent the worst case on signaling needs. 

GEO  and LEO with steerable beams may share a similar solution, except that LEO with steerable beams should also address the changes of satellite for the same cell (once per half orbit). 

We set all to high as we consider all scenarios are to be addressed, even if low impact is foreseen for GEO and LEO with steerable beams.

	Sony
	LOW
	HIGH
	Instead of UE speed, it should be the relative speed between UE and the satellite.

	MediaTek
	N/A
	Frequency: HIGH

UE speed: Low
	For GEO-NTN, frequent handover do not take place.
For LEO-NTN, frequency of HO is important, because of satellite’s high speed. However, UE’s speed is negligible compared to LEO satellite’s speed. Even for an airplane UE, the speed (1000kmph) is only around 3% of LEO satellite’s speed. As mentioned in our response to Question 3), satellite ephemeris, such as next cell information could be useful.

	Nomor Research
	LOW
	HIGH
	In GEO constellations HO will happen very frequently due to the very fast movement of the satellites. Furthermore, the coverage area is very big and quite some UEs might be RRC connected which may create a very large signaling overhead. In our view such signaling overhead problem must be addressed. 

Maybe handover configurations are preconfigured, are provided via the broadcast channel or the signaling supports configurations over multiple cells. For Conditional Handover for instance, multiple CHO thresholds for multiple cells might be configured. Cell specific configurations might be used instead of UE specific configurations.

	Spreadtrum
	N/A
	Low
	There is no frequent HO in GEO.
For LEO, there is frequency HO. However, there is frequent HO too in some TN scenarios such as high speed train.

	CATT
	N/A
	Frequency: HIGH

UE speed: Low
	No frequent HO in GEO scenario.

For LEO, the speed of UE is negligible compared to LEO satellite’s speed. 
As for frequent HO for LEO scenario, satellite ephemeris, UE location and the next cell information is useful.


	Panasonic
	N/A
	LOW
	For GEO-NTN, frequent HO is less likely to occur.

For LEO-NTN, utilizing the UE speed information can achieve very limited improvement, as UE speed is significantly small compared the LEO moving speed. 

	OPPO
	N/A
	Low
	There is no frequent HO in GEO.

For LEO, frequent HO due to moving satellite should be considered. 

	Ericsson
	low
	low
	The other already identified issue “multiple UEs performing HA and RACH to target cell” has higher prio.



	ETRI
	Low
	High
	Frequent HO caused by UEs and the satellite movement is a major concern in LEO scenarios.

	LG
	N/A
	LOW
	For GEO, we also think that there is no frequent handover.

For LEO, UE speed is negligible regarding the speed of LEO satellites. Moreover, as the UEs are in connected mode, avoiding frequent HO might be under network implementation.

	InterDigital
	N/A
	High
	For GEO, the satellite is stationary, and the cell size limits the impact of UE speeds thus no issues foreseen.
For LEO, the frequent handover caused by satellite movement exacerbates other issues such as latency to mobility signaling and handover for many UEs. As this is an unavoidable challenge for all UEs both moving and stationary (as opposed to a special case e.g. a high speed train in TN), thus enhancements should be made. 
UE speed may be considered if a simple solution is presented, however as noted by other companies this is more of an optimization as the satellite speed is the dominating factor.

	EUTELSAT
	LOW
	HIGH
	Frequent HO cause by LEO satellite movement need to be address and prioritized

	Inmarsat
	Low
	Low
	For GEO frequent HO might occur just in case of dynamic/steerable cells

For LEO the relative speed of the UE is neglectable. However, frequent HO due to the satellite movement might occur and should be considered

	Fraunhofer
	N/A
	Low
	Fast moving terminals for example mounted on high-speed trains or airplanes could be considered.

	ITRI
	N/A
	Frequency: HIGH

UE speed: Low
	We share the same view as MediaTek and CATT.
· For GEO scenario, there is no frequent HO.

· For LEO scenario, frequent HO is unavoidable because of satellite’s high-speed movement. Making use of satellite ephemeris, e.g. next cell information, to deal with the frequent (but supposed to be almost regular) HO may be helpful. In comparison with satellite’s speed, UE’s speed is negligible.

	Nokia
	N/A
	High
	

	Intel
	N/A
	High
	

	ZTE
	N/A
	N/A
	Due to the large cell size in both GEO and LEO, the HO in NTN may not be more frequent than that in TN.

In TN, the typical cell size is 500m in diameter while the maximum user speed is 500km/h. User moves out of a cell every 0.5/500(h)=0.001h, i.e. handover happens every 0.001h.

In NTN-GEO, the relative speed of satellite wrt earth is negligible. The cell size is 100-1000km in diameter while the maximum user speed is 1000km/h. User moves out of a GEO cell every 0.1-1h, i.e. handover happens every 0.1-1h.

In NTN-LEO, the relative speed of satellite wrt earth is 7.56 km per second (i.e. 27216 km/h). The cell size is 50-500km in diameter while the maximum user speed is 1000km/h. User moves out of a LEO cell every 50/(1000+27216)=0.0018h to 500/(1000+27216)=0.018h, i.e. handover happens every 0.0018h-0.018h.

Based on the above calculation, the HO in NTN happen even less frequently than in TN.


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:

	
	High Priority
	Low Priority
	N/A

	GEO 
	1
	6
	13

	LEO
	11
	8
	1


A clear majority (13/20) of companies think frequency of HO and UE speed is not applicable to the GEO scenario. There is also clear consensus (19/20) that this issue should be captured for LEO, however assignment of a priority (if any) requires further discussion. Furthermore:
· Many companies clarify that frequent HO will not occur in GEO, specifically due to large cell size limiting the impact of UE speed.
· Many companies note that UE speed is negligible as compared the satellite speed in the LEO scenario.
· Many companies note frequent and unavoidable HO due to satellite movement in LEO as a reason to capture. However, a few companies suggest that this frequency may be similar or less that in certain TN scenarios (e.g. a high speed train).
· It is mentioned that LEO with moving beams would represent the worst case, however steerable beams should be considered as well.
3.5 Dynamic Neighbour Cell Set [11]

In non-GEO deployments satellites constantly move with respect to a fixed point on earth. Depending on implementation assumptions i.e. if a PCI/SSB combination is specific to a satellite, the neighboring cell set may constantly change for both stationary and moving UEs. As noted in [11], such variation may have several implications to the UE, specifically:

· When evaluating potential HO candidates, consideration should be given to whether the candidate cell(s) remain valid and for how long.

· Intercell mechanisms (e.g. when interference coordination schemes are deployed) require frequent adjustment.
Question 7) For each deployment scenario, please indicate whether dynamic neighbor cell set should be addressed in a normative phase with “HIGH” priority “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	N/A
	LOW
	· There is no this issue in GEO scenario.
· Usually, UE measure all cells on one frequency unless there is a white cell list configuration. So, the neighbor cell set change has no impact on UE’s measurement at most cases. When the neighbor cell set in white cell list changes, the network has to update this white cell list configuration. 

	Thales
	Low
	High
	The neighboring cell set should be provided in all NTN scenarios to help improve the delay on mobility management even if beams are fix or dynamic. 
RAN2 to address the exact format dynamic cell list information to be provided to the UE.

	Sony
	LOW
	HIGH
	It depends on the implementation and this may also be impacted by the conclusions from another email discussion on NTN cell selection/reselection.

	MediaTek
	N/A
	HIGH, but
	The issue is not applicable in GEO-NTN.

For LEO-NTN, it should not be termed as dynamic neighbor cell set. With high speed satellites, as cell changes frequently, neighbor cell list also changes with the serving cell change. 

	Nomor Research
	N/A
	LOW
	The issue is not applicable in GEO-NTN.

For LEO-NTN, we think there are different solutions than a Dynamic Neighbour Cell Set. We are also not fully clear about the meaning of the term.  

	Spreadtrum
	N/A
	?
	For LEO, we are not sure whether neighbor cell set will change frequently in D1/D2 deployment scenarios while all satellites are moving with same latitude and orbital inclination.

	CATT
	N/A
	High
	Satellite ephemeris and UE location are helpful to decrease the impact of dynamic neighbor cell set.

	Panasonic
	N/A
	LOW
	This issue has nothing to do with GEO-NTN.

For LEO-NTN, we understand the intention is to avoid handing over an UE to a LEO-satellite which may soon move away, but it seems the solution has no impact to RAN2 specification.

	OPPO
	N/A
	Low
	We share the same view with Huawei.

	Ericsson
	low
	low
	This is not really connected mode mobility issue and this has been addressed in the cell selection/reselection discussion where it belongs to.

In CHO discussions in mobility WI, the possibility of having more than one target cell has been discussed. If such is seen viable for NTN, the discussion should be built on top of that discussion.

	ETRI
	Low
	High
	Satellite movement will cause neighbor cells to change dynamically. The impact should be studied in the normative work. 

	LG
	N/A
	HIGH
	This issue seems to be considered, but it depends on the network implementation and how to design the neighbor cell set structure to be provided to the UEs.

	InterDigital
	N/A
	Low
	Satellites are fixed in GEO thus the neighbor cell set will remain static.
As the movement of LEO satellites is deterministic, the network will have full knowledge of neighboring cells serving a given area at a given time. This can largely be compensated for by the network for UEs in connected mode.


	EUTELSAT
	Low
	HIGH
	LEO satellite movement will cause neighbor cells to change dynamically.  RAN2 needs to address this issue in priority .

	Inmarsat
	Low
	High
	The knowledge of the serving cell’s neighbourhood at the UE would improve the performance of mobility management in the NTN scenarios by mitigating the effects of the long delays and changing cell-layouts.

	Fraunhofer
	N/A
	High
	Even when considering a fixed UE location on Earth, the list of LEO satellites seen by the UE will change constantly. Hence, the dynamic neighbor cell set should be addressed at least for LEO constellations with high priority.

	ITRI
	N/A
	High
	The issue is not applicable in GEO scenario.

For LEO scenario, we agree with CATT that satellite ephemeris could be helpful to reduce the impact of dynamic neighbor cell set.

	Nokia
	Low
	Low
	LEO deployments with NR cells moving on Earth exhibit high radio mobility and lead to frequent changes in the cells detected by the UEs. However, the neighbor cell list is not really dynamic considering that the satellites movement has well determined orbits and constellation.

Low for GEO, considering an overlapping NTN coverage scenario (GEO-LEO), provided this scenario needs to be considered; otherwise N/A for GEO.

	Intel
	Low
	Low
	Orbital and ephemeris info is available for other non-serving satellites.

	ZTE
	N/A
	Low
	For GEO, the neighbor cell set will be relatively static.

For LEO, network is aware of the satellite movement as well as the neighbor cells. Proper neighbor cell list will be provided to UE in idle or inactive mode via system information. While for UE in connected mode, the target cell or candidate cells in CHO will also be decided by the network and no NTN specific enhancements are needed


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:

	
	High Priority
	Low Priority
	N/A

	GEO 
	0
	8
	12

	LEO
	10
	9
	0


A majority of companies (12/20) believe that this issue is not applicable to the GEO scenario. All but one company (19) believe this issue should be captured for the LEO scenario, however further discussion is required to assign a priority, if any, to this issue. Furthermore:
· Many companies note the deterministic movement of network nodes in LEO will help mitigate the impact of this issue. Additionally, several companies mention the network will have full knowledge of the neighboring cells, and can, for example, update the white-list cell list configuration to compensate.
· Many companies note that this is not an applicable issue for GEO as the neighbor cell set will be relatively static.
· Several companies point out that this issue is being addressed in another email discussion on NTN cell selection/reselection, which may impact discussion.
· Several companies suggest satellite ephemeris information and UE location would help address this issue.
3.6 Handover for large number of UEs [3, 13]
Considering the large cell size of non-terrestrial networks regardless of deployment, a potentially very large number of devices may be served within a single cell. In non-GEO deployments, satellites constantly move with respect to a fixed point on earth, leading to frequent an unavoidable handover. Depending on constellation assumptions and (e.g. propagation delay and satellite speed) and UE density, a potentially very large number of UEs may need to perform HO at a given time, leading to possibly large signalling overhead and service continuity challenges.
Question 8) For each deployment scenario, please indicate whether handover for a large number of UEs should be addressed in a normative phase with “HIGH” priority “LOW” priority, or is “N/A”. Companies may further explain their reasoning in the comment section.
	Company
	Scenario
	Comments

	
	GEO
	LEO
	

	Huawei
	N/A
	High
	· No such issue in GEO
· Handover of a large number of UE is persistent in LEO scenario, so the network has to deal with it all the time. Therefore, we should address this issue with high priority.

	Thales
	Low
	High
	Handover of a large number of UEs will be more relevant for LEO scenarios.

	Sony
	LOW
	HIGH
	With a moving satellites and spot beams, rate of handovers will increase drastically. The cell size will be bigger than terrestrial cell and hence accommodating a larger number of UEs per cell.

	MediaTek
	N/A
	High
	There is no such problem in GEO.

In LEO, handover of a large number of UEs is a persistent problem and needs to be resolved with priority.

	Nomor Research
	N/A
	High
	There is no such problem in GEO.

In LEO, handover of a large number of UEs is a persistent problem and needs to be resolved with priority.

	Spreadtrum
	N/A
	High
	HO in GEO is just caused by UE’s movement so the issue is not existing. For LEO, it is a problem.

	CATT
	N/A
	High
	For GEO, no such problem
For LEO, this is a typical difference between NTN and TN, especially for the HO scenario between two NTN gateways, as all the UEs within the same satellite are involved during HO.

	Panasonic
	N/A
	HIGH
	This is an issue to be addressed only in LEO-NTN.

	OPPO
	N/A
	High
	For GEO, the problem does not exist.

LEO with dynamic coverage and large UE density cause the issue that handover for a large number of UEs. 

	Ericsson
	high
	high
	Needs to be discussed

	ETRI
	N/A
	High
	A large number of UEs can simultaneously handover in LEO scenario.

	LG
	Low
	High
	The possible scenario may be while the UE is camping on a GEO satellite and a particular LEO is upcoming, the GEO provides handover command to a large number of UEs. However, we wonder that each UE have different radio condition for a satellite, so we may need to consider the radio quality condition in the handover command.

	InterDigital
	Low
	High
	For GEO, the cells remain static on earth. Considering the large areas of overlap with minimal differences in RSRP, there should be some flexibility (e.g. staggering HO commands in time, even though a UE may remain on a minorly suboptimal cell for a brief period) which avoid many UEs performing HO at once.
For LEO, the unavoidable HO due to satellite movement means that an area is only served for a finite time. If such an area contains a dense concentration of UEs which require mobility in a time sensitive manner, this could require enhancement.

	EUTELSAT
	LOW
	HIGH
	Issue will happen only in LEO case . Therefore, need to be addressed in priority.

	Inmarsat
	Low
	High
	The large number of concomitant HOs is more likely to occur in the LEO scenarios.

	Fraunhofer
	Low
	High
	Not sure, what a large number means in this context, but we also agree on a higher priority for LEO over GEO.

	ITRI
	N/A
	High
	We share the same view as Huawei and MediaTek.

	Nokia
	Low
	High
	LEO deployments with NR cells moving on Earth exhibit high radio mobility and lead to frequent changes in the cells detected by the UEs. This is also a scenario where large number of UEs would need to be HO between NR cells.

Low for GEO, considering an overlapping NTN coverage scenario (GEO-LEO), provided this scenario needs to be considered; otherwise N/A for GEO.

	Intel
	N/A
	High
	

	ZTE
	N/A
	N/A
	(1) We are not sure whether there will be “a large number of UEs” connected in a NTN cell. Although the cell size in NTN is much larger than that in TN cell, the maximum size of C-RNTI which is used to identify a UE within a certain cell is 16 bit, i.e., up to 65519 UEs can be identified within a cell. 

If the C-RNTI size is not extended, there will be at most 65519 UEs within a GEO cell (at least 7850km2-785000km2 in size) or a LEO cell (at least 1962.5km2-196250km2 in size), the user density will be even lower than that in TN cell.

(2) In our understanding, all the UEs within a cell will not be handed over simultaneously either for GEO or LEO case. The UEs will be handed over gradually with the movement of UE and satellites.

With the above understanding, we do not think HO for a large number of UEs will be a problem in NTN either for GEO or LEO.


Rapporteur Summary:

The following table summarizes company responses with regards to issue priority:

	
	High Priority
	Low Priority
	N/A

	GEO 
	1
	8
	11

	LEO
	19
	0
	1


All but one company (19/20) suggest that this issue should be addressed with HIGH priority for LEO scenarios. There is a small majority (11/20) which think this issue is not applicable for GEO, however only by a small margin, suggesting further discussion is required. Furthermore:
· Many companies note that this is a challenge to LEO deployments due to the persistent movement of LEO satellites
· Several companies note that this may not be a challenge in GEO scenarios due to large cell size/overlap and relatively low UE speed.
· Several companies have noted that what exactly constitutes a “large number of UEs” should be defined. 
Proposal 3:
The following challenges are to be included in TR 38.821, and addressed with the assigned priority:
	
	GEO
	LEO

	Latency to mobility signalling
	Prioritized (17/20)
	Prioritized (17/20)

	Measurement validity
	N/A (15/18)
	Captured (14/17)

	Cell overlap and near-far effect
	Prioritized (14/20)
	Prioritized (13/20)

	Frequency of HO
	N/A (13/20)
	Captured*

	Dynamic neighbour cell set
	N/A (12/20)
	Captured*

	HO for a large number of UEs
	Captured*
	Prioritized (19/20)


[NOTE for Proposal 3: * highlighted fields are rapporteur’s suggestion for cases with no clear majority and may require further discussion. Specific values are below:]
	
	HIGH
	LOW
	N/A

	LEO Frequency of HO
	11
	8
	1

	LEO Dynamic Neighbour cell set
	10
	9
	0

	GEO HO for large number of UEs
	1
	8
	11


3.7 Other Challenges
Question 9) Companies can list other challenges identified in previously submitted contributions that may not be captured above, if any may be missing.
	Company
	Additional Challenges

	CATT
	The Impact by Propagation Delay Difference on Measurements should be considered, details are described below the table.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


The situation on propagation delay in NTN is quite different than that in TN system, which is illustrated in Figure2:
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Figure 2 Two different service links for transparent payloads scenario in NTN

In Figure 2, G represents the location of NTN gateway and the location of satellites is marked by S1 and S2, while U represents the location of UE. Assume UE is in the coverage overlapping area between satellite S1 and satellite S2, the current serving satellite is S1. Due to the moving of satellite, UE should do measurement of the neighbour cell to control its mobility, e.g. cell reselection or HO.

The length difference between LUS1G and LUS2G may be quite huge, e.g. about 0~serval hundred kilometres for LEO and 0~serval thousand kilometres for GEO. Even if the SMTC configurations of the neighbour satellite cells are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the propagation delay difference between tUS1G and tUS2G. More addition, the propagation delay difference between tUS1G and tUS2G is changing along with the moving of satellites.

For regenerative payloads scenario, the situation is almost the same. Maybe the propagation delay difference between cells is not bigger than that in transparent payloads scenario, but the impact is still serious than TN system.
Companies are invited to comment on the above challenge:
	Company
	Priority assigned (High/Low/N/A)
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


4 Mobility Enhancements for Non-Terrestrial Networks

Several NTN-specific mobility enhancements have been proposed in prior contributions and are generally grouped below based on the aspects they enhance. As in the previous section, only a brief summary of the enhancement has been provided in the document, and companies are encouraged to refer to the referenced contributions for further elaboration.

Given the diversity of enhancements, challenges, and deployment scenarios, for each proposed enhancement companies are invited to select one of the following three options:

· Prioritized: The solution should be captured in TR 38.821, and RAN2 should recommend that the solution is prioritized in a normative phase. For example, this option can be applied to a solution that best addresses a given challenge, and/or to a solution that addresses multiple challenges.

· Captured: The solution should be captured in TR 38.821, and the solution can be considered in a normative phase. For example, this option can be applied to a solution that is beneficial but may address a low priority challenge, and/or if it is premature to assign priorities to / recommendations for a given set of enhancements.

· Not Captured: The solution should not be captured in TR 38.821. For example, this option can be applied to a solution that does not address a given challenge efficiently, or to a solution that may only address a challenge which is not applicable.

4.1  Measurement/Location Reporting Enhancements [16 – 20]

Possible enhancements identified for measurement and location reporting are:

1. Inclusion of location information in the measurement report [15, 17]: Location information may be piggy backed onto the measurement report to provide the network additional information when determining whether to HO.

2. Conditional triggering of measurement reporting [16, 19, 20]: The triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, or a combination of location and RSRP/RSRQ.
3. Location-based weighting of measurement results [18]: the RSRP/RSRQ variation between cell centre and edge can made to be the same as in the terrestrial case. This could be accomplished by weighting the RSRP/RSRQ of the UE’s location based on the UE’s distance from cell center.
4. Coarse location reporting [16]: As fine location resolution may not always be needed, to limit location reporting overhead, a set of reference locations may be defined enabling coarse location reporting
Question 10) For each proposed enhancement to measurement/location reporting, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comment section.
	Company
	Proposed Enhancement
	Comments

	
	1
	2
	3
	4
	

	Huawei
	Not Captured
	Captured
	Not Captured
	Not Captured
	1: R16 MDT supports UE reporting its location information only after UE gives its consent. We should be careful to command UE to report its location directly to network because this involves UE’s privacy.

2: location based triggering can be considered to address the unobvious near-far effect.

3: if we agree to adopt solution 2, location based weighting is not necessary, as it is also an adjustment of triggering mechanism.

4: reference locations may need to be broadcasted by satellite from all the time, it also increase signalling overhead.

	Thales
	Captured
	Prioritized
	Prioritized
	Not captured
	1. If UE may report is allowed to report its location to the network
2. This will limit the amount of signalling

3. Easy solution in order to be able to compare the RSRQ/RSRQ TN and NTN measurements

4. FFS to really confirm if useful

	Sony
	Not Captured
	Prioritized
	Not Captured
	Prioritized
	2. Conditional measurement reporting can solve the problem of HO latency and measurement validity, by defining proper conditions.
1, 3: If location reporting is agreed then there is no need to weigh measurement results. Also, RSRP measurements may not be sensitive enough to create enough bias even if location based weight is added. Each measurement report to include location information, even if the UE does not move, creates unnecessary signalling load.
4. Location information is very important to both measurement optimization as well as HO decision, and how to consider the trade-off between location reporting accuracy and reporting overhead should be studied and specified. So, we think that earth fixed location reference points are not necessary and reporting could be dynamically based on a delta change from previously reported location.

	MediaTek
	Not Captured
	Not Captured
	Not Captured
	Not Captured
	We believe that Location reporting should be independent of mobility procedures (same as legacy cellular systems). As in Rel. 15, location measurement indication can be configured by the network if needed.
In traditional TN systems, MR conditions and criteria are configured by the network. UE sends MR on satisfying the configured criteria. These are all RSRP based and will be automatically triggered as UE moves near the cell edge. 

	Nomor Research
	Not Captured
	Captured
	Not Captured
	Not Captured
	

	Spreadtrum
	Captured
	Captured
	Prioritized
	Not captured
	1 Signalling overhead need to be evaluated.
2 Not sure whether location based trigger can cover all scenarios.

3 An easy solution and few impacts on Technical Specification.

4 Not sure if it can work.

	CATT
	Captured
	Prioritized but 
	Not Captured
	Not Captured
	1. Even if the UE location report reuses the measurements report massage, the UE location report and measurement report can be reported separately.
2. UE location is very useful in NTN.
The triggering condition for UE location report and measurement report can be configured independently.
3. The solution2 can cover the issue.
4. If the UE records its history location info, no reference location is needed at all. Introducing reference location will increase the overhead also.

	Panasonic
	Captured
	Not Captured
	Not captured
	Not Captured
	UE’s location information can be reported to the network through the measurement report, and network can utilize the UE location information together with RSRP/RSRQ result to decide whether to trigger the HO/CHO procedure. 

For proposal 2 and 3, UE may need further information (e.g., the location information of the reference point) from network. But how to obtain such information is unclear. 

Proposal 4 is rather an optimization that should be deprioritized. 

	OPPO
	Not Captured
	Not Captured
	Not Captured
	Not Captured
	We share similar view as MediaTek. Measurement should be RSRP-based as legacy, and once UE location changes, e.g. RSRP lower than the threshold, the MR will be triggered automatically.

	Ericsson
	captured
	prioritized
	Not captured
	captured
	Other than the weighting proposal seems technically justified and thus should be captured in the TR.

	ETRI
	Captured
	Captured
	Not captured
	Not captured
	1. Location information can be reported if it is possible. 
2. Triggering events based on UE location should be studied. It will need to be discussed further how to use UE location.
3. No impact on specification. It’s an implementation issue.

4. For LEO scenarios with moving beams, more reference locations will be required. It will make signalling overhead. 

	LG
	Not captured
	Captured
	Not captured
	Not captured
	1. Current measurement reporting is triggered by RSRP variation of serving cell or neighbour cell, so it seems piggy backing the location information in the measurement report is inefficient. It may occur unnecessary location information reporting. 

2. We have similar view with MediaTek that measurement report and UE location report do not need to be treated together. They shall be considered independently.

Measurement report is to let know the network the varying of radio condition, but UE location reporting may be to inform the change of UE position. Therefore, we don’t think existing measurement reporting mechanism needs to be modified. We propose to just discuss how to trigger the UE location reporting. We could consider two triggering conditions similarly with existing measurement reporting conditions – event-based (UE location change), time-periodic.

3. We don’t think weighting the RSRP/RSRQ is required. It may be confusing how to evaluate the best quality cell. Moreover, especially LEO satellites, it is difficult to find the center of the cell coverage.
We are not sure whether it is really additionally needed, if UE location information is provided to the network, 

	InterDigital
	Captured
	Prioritized
	Not Captured
	Not Captured (for now)
	1. This should be considered to reduce signalling overhead
2. This solution should be prioritized, as it allows location to be taken into account with minimal signalling overhead

3. Measurements should not be modified, especially considering the possibility of errors in weighting parameters (e.g. location, weighting amount)

4. Possibly considered in the future, however seems like more of an optimization at this stage.

	Inmarsat
	Captured
	Prioritized
	Prioritized
	Not Captured
	4. The usefulness of this solution, especially in LEO scenarios, is questionable.

	Fraunhofer
	Prioritized
	Captured
	Not Captured
	Not Captured
	For conditional, group and bulk handover configuration location information is required. If precise information is available, this is preferred over coarse information. Location-based weighting of measurement results is not sufficient.

	ITRI
	Not Captured
	Captured
	Not Captured
	Not Captured
	1: Inclusion of location information in the measurement report may increase signalling overhead.

2: Conditional triggering of measurement reporting based UE location can be considered to address the near-far effect.
3: With location reporting, there is no need to weigh measurement results.
4: Introducing reference locations may increase signalling overhead also. 

	Nokia
	Not Captured
	Captured
	Captured
	Captured
	‘Not Captured’ for 1, because we think, it is one of the multiple solution options. We are however o.k. to list a set of solution options without a preference.

	Intel
	Captured
	Captured
	Captured
	Not Captured
	Ok to consider the first 3. The last one is more about reducing location reporting overhead rather than helping with the handover.

	ZTE
	Prioritized
	Captured
	Not captured
	Not captured
	1. Considering the issue that the RSRP of serving and neighboring cells are relatively small in overlap regions, the UE location information can be helpful for NW to make HO decision. In addition, the UE location information can be helpful for the network to apply country-specific policies. UE can either acquire the location information with GNSS positioning method or acquire neighboring TN cell information (e.g. PLMN identity, NCGI, TAI and so on) as a kind of location information and report to camped NTN cell via dedicated RRC signaling.
2. Measurement report is either event triggered or periodically in LTE and NR. Location triggered measurement report can be considered especially for the case when the RSRP of serving and neighboring cells are relatively small in overlap regions. Since the TA is earth fixed. The TA can be used to represent the location information (i.e. a TAI identifies a geographical area). A TAI list can be provided to UE as the triggering condition and measurement report can be triggered when UE moves out of this TAI list.

3. We are not sure whether this mechanism is workable or not because the measured RSRP/RSRQ/SINR will not change linearly when UE moves from the cell center to the cell edge thus the calculation mentioned in the tdoc is not quite reasonable to us.

4. The accuracy of the location report depends on what purpose NW is going to use such information for. If NW wants to use it for HO decision, the location report should be at least at cell level. If the location information is too course, it is meaningless to report it.




Rapporteur Summary:
The following table summarizes company responses with regards to capturing the above enhancements:

	
	Prioritized
	Captured
	Not Captured

	Enhancement 1
	2
	9
	8

	Enhancement 2
	6
	8
	3

	Enhancement 3
	3
	2
	14

	Enhancement 4
	1
	2
	16


The following enhancements have either a clear majority or significant support and should be captured in TR 38.821: conditional triggering of measurement reporting (14-3) and inclusion of location information in the measurement report (11-8). Furthermore:
· Several companies (6) think conditional triggering of the measurement report should be a prioritized enhancement. 
· Several companies note that the impact to signaling overhead should be evaluated when including location information in the MR,  
· Several companies also note that there may be potential privacy concerns associated with providing UE location in MR.
There is a clear majority that the following enhancements as currently described should not be captured in TR 38.821: location-based weighting of measurement results (5-14) and coarse location reporting (3-16. Furthermore:
· Companies further elaborate that location-based weighting of measurement results may be redundant if location reporting and/or location-triggered conditional measurement reporting is agreed 
4.2 Signalling Overhead Reduction [21 – 23, 33]

Possible enhancements identified to reduce signalling overhead are:

1. Groupcast configuration [21] handover command messages can be groupcast, where UEs may be grouped based on their location and satellite speed/direction. To avoid RACH collisions based on this group HO, CFRA can be provided for all Ues.
2. Broadcast configuration [33]: HO configuration (e.g. T304 and spCellConfigCommon) can be broadcast, possibly via SIB or MBMS/SC-PTM.
3. RACH back-off indication [21, 22].  A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval [21], or via explicit setting of different back-off indications in the RACH sync reconfiguration message [22].

4. Reconfiguration without subsequent UL access [21]: Ues with low mobility and no UL data can apply the indicated reconfiguration without performing subsequent UL access (e.g. RACH/HO complete).
5. Bulk handover signalling [19]: A batch of HO signalling can be provided to the UE in one shot (i.e. configuration for several upcoming cells). The UE would be aware of when and to which cell the UE should handover to, which is provided during connection establishment.

Question 11) For each proposed enhancement to reduce signalling overhead, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comments section.

	Company
	Proposed Enhancement
	Comments

	
	1
	2
	3
	4
	5
	

	Huawei
	Not Captured
	Not Captured
	Captured
	Not Captured
	Not Captured
	1, 2: HO command is UE specific. Broadcasting or groupcasting all UE’s configuration will not save signalling overhead, as it still need to include all UE’s configuration even if in one message.

3: It could mitigate RACH storm to some extent, but it does not reduce signalling overhead anyway.

4: It is not very reliable for a handover procedure without a handover complete message

5: It could not reduce signalling overhead neither. In addition, this configuration will be invalid when UE’s moving out of the predetermined satellite coverage area and in that case additional HO command will increase signalling overhead.




	Thales
	Prio
	Prio
	Prio
	Captured
	Captured
	1,2 Either by multicast or broadcast there is mobility information common to all Ues in the same cell that can be multicast/broadcasted to avoid  signalling overhead (e.g. candidate cell list of all the Ues within the same cell)
3. RACH backoff method will solve random access colisions. 
4. Could be applied for certain types of Ues that require less service performance.

First 3 solutions could be used in combination.



	Sony
	Captured
	Captured
	Not Captured
	Not Captured
	Prioritized
	5. Once network is aware of UE’s location and based on ephemeris information, it is feasible to estimate when and to which cell the UE should handover. It can solve the problem of HO latency, frequent HO as well as measurement issue altogether. 

1,2: We are open to further study groupcast/broadcast HO.

	MediaTek
	Captured
	Captured
	Prioritized
	Captured
	Captured
	1.2 We believe that broadcast/group-cast of HO signalling should be captured to reduce signalling overhead. 

3. RACH backoff indication needs to be prioritized to reduce RACH storm and RACH collisions.

4.5. Reconfiguration and Bulk-HO-signalling should be captured for low-mobility Ues. 

	Nomor Research
	Captured
	Captured
	Not Captured
	Not Captured
	Prioritized
	

	Spreadtrum
	Not captured
	Prioritized
	Prioritized
	Not captured
	Not captured
	1 Not sure how to group Ues and guarantee the HO command to be successfully received by every UE in the group.

2 It’s OK for common configurations of HO to be broadcasted in SI.

3: Share HW’s view.

4: Not sure how to complete the HO procedure.
5: Not sure how to reduced signalling overhead by the solution.

	CATT
	Not Captured
	Not Captured
	Captured
	Not captured
	Not Captured
	½.Seems to reduce the overhead, but UE specific configuration still needs to transmit to UE by dedicated 
ignaling, the dedicated message is not reduced at all. The current mechanism can work well.
3. can reduce the RACH collision.
4. It’s not reliable.
5. This configuration will be invalid when UE’s moving out of the predetermined satellite coverage area and in that case additional HO command will increase 
ignaling overhead.

	Panasonic
	Prio
	Prio
	Not captured
	Not captured
	Not captured
	Proposal 1 and 2 provide remedy to address the issue in section 3.6 (handover for large number of Ues), and hence need to be prioritized.

	OPPO
	Not 
captured 
	Captured  
	Not captured
	Not captured
	Not captured
	Delivering HO related configuration in a broadcast message benefits for reducing HO signalling overhead. 

	Ericsson
	Not captured
	Not captured
	Prioritized
	?
	?
	1) , 2) There are UE specific parameters needed so only part of the parameters can be per group/broadcast. If captured, the pros and cons should be evaluated, like savings in message size.

3) This is an area to be investigated and solution options with prtos and cons should be captured.

4) UL is needed for CSI, HARQ if not disabled and PDCP/RLC feedback. Would there be a reasonable configuration and use case where UE only needs DL sync?

5) Similar discussion as what has happened for CHO in mobility WI and CHO supports having more than one target cell. All the target cells need then be prepared to have the UE accessing the cell. IE, resources are reserved RACH/RNTI..



	ETRI
	Not captured
	Not captured
	Captured
	Not captured
	Not captured
	1 and 2 will not help  much in reducing the signalling overhead 

3. It can help to reduce the RACH collision.
4. It is not reliable.

	LG
	Not captured
	Not captured
	Captured
	Not captured
	Not captured
	1. Each UE might have different cell qualities, so we are not sure whether it really works. Moreover, if CFRA is provided to all the Ues, how can network handle the preambles and resources? Already NTN cell has a lot of Ues in its coverage.
2. It would increase the size of the system information too much.
3. Providing backoff indication can be considered in NTN.
5. What is different with conditional handover?

	InterDigital
	Not Captured
	Captured
	Captured
	Not Captured
	Captured
	1. This seems complex to implement in practice.
2. This could be a starting point to address the issue of HO for a large number of Ues

3. Could help reduce RACH collisions

4. Would reduce reliability

5. Given the deterministic movement of network nodes, could help reduce signalling overhead and HO latency, however would only apply to a specific set of circumstances (i.e. stationary or slow moving Ues)

	Inmarsat
	Captured
	Captured
	Captured
	Captured
	Captured
	1,2 In case of LEO scenario, the mobility information common to a group of UE can be sent efficiently either by multicast or by broadcast.

3. Might reduce the random access traffic and collisions. 

4,5 Should be captured for low mobility UEs.



	Fraunhofer
	Prioritized
	Captured
	Prioritized
	Not Captured
	Prioritized
	For large cells 1 is preferred over 2 as not all Ues need to perform a HO simultaneously.

	ITRI
	Not Captured
	Not Captured
	Captured
	Not Captured
	Not Captured
	½: Share Huawei’s view. HO command contains UE specific configuration. Broadcasting/groupcasting all UE’s configuration in one message does  not reduce signalling overhead,
3: Share MediaTek’ s view. RACH backoff indication can reduce RACH storm and RACH collisions.
4: Without complete message, HO procedure will not properly terminate, which induces other issues, such as when T304 stops. Also, neither source cell nor target cell knows whether and when the HO succeeds. 

5: Providing configuration of multiple cells can be taken into consideration, but it is not a solution to reduce signalling overhead.

	Nokia
	Captured
	Not Captured
	Captured
	?
	?
	

	Intel
	Not Captured
	Not Captured
	Captured
	Not Captured
	Not Captured
	

	ZTE
	Not captured
	Captured
	Not captured
	Not captured
	Not captured
	1. The HO command message is UE specific thus it is not appropriate to group cast them.
2. In our understanding, maybe some typical or default configurations can be provided in system information and a index linked to one of the default configuration can then be provided via HO command.

3. The proposed RACH   back-off can only distribute the random access from various UEs in the time domain. The signaling overhead is not reduced.

4. If RACH is not initiated and HO complete is not sent to the target cell, what happens if DL data arrives? 

5. This is similar to CHO. But the HO time and target cell for more than one HO are configured by the NW. I am not sure whether it is workable as the signal quality received by UE is also impacted by some other factors in addition to the location of the satellite. All the configuration for more than one HO will be made based on the prediction in the NW side. It is not clear how accurate such prediction will be. We need some simulations to show the performance of such solution.




Rapporteur Summary:

The following table summarizes company responses with regards to capturing the above enhancements:

	
	Prioritized
	Captured
	Not Captured

	Enhancement 1
	3
	5
	11

	Enhancement 2
	3
	8
	9

	Enhancement 3
	5
	9
	5

	Enhancement 4
	0
	3
	14

	Enhancement 5
	3
	4
	9


The following enhancements have either a clear majority or significant support and should be captured in TR 38.821: RACH back-off indication (14-5), broadcast HO configuration (11-9), groupcast HO configuration (8-11), and bulk HO signaling (7-9). Furthermore:

· (5) companies think that RACH back-off indication should be prioritized in further study.
· Several companies have clarified that RACH back-off indication will be beneficial to reduce RACH collisions, however, may not reduce signaling overhead.
· Companies note that for broadcast and groupcast HO configuration, HO command is UE specific, and although some mobility information common to all UEs can be broadcast/groupcast, further evaluation on impact to signaling overhead and how to efficiently group UEs is required.
· Regarding bulk HO signaling, companies note that this is only applicable to certain UEs (e.g. low mobility UEs) as the configuration may become invalid over time otherwise. It was also noted by several companies that this has a similarity to ongoing discussions on conditional handover.
There is a clear majority (3-14) which think that reconfiguration without subsequent UL access should not be captured in TR 38.821 as currently described. 
4.3 Conditional Handover [17, 20, 24 – 29]

Possible NTN-specific enhancements identified for CHO enhancements are:

1. Measurement-based triggering [17, 20, 25, 26]: Based on agreements from RAN2#105, Ax events are to be used for CHO with A3, A5 as a baseline, with configuration of triggering thresholds considering the small cell quality difference between cell center and edge in NTN.
2. Location (UE and Satellite) triggering [17, 25, 27, 28]: additional triggering conditions based on UE and satellite location can be considered e.g. in regions of cell overlap where measurement-based triggering may be challenging.
3. Time(r)-based triggering [17, 24 – 26, 29]: Several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution considering e.g. the validity of the satellite.
4. Conditional L2 packet duplication: [29]: The network can (de)activate conditionally L2 packet duplication based on an NTN HO timer, determined by UE location and satellite ephemeris. The UE may then trigger HO autonomously based on beam measurements once packet duplication is activated.

Question 12) For each proposed enhancement to conditional handover, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comments section.

	Company
	Proposed Enhancement
	Comments

	
	1
	2
	3
	4
	

	Huawei
	Captured
	Prioritized
	Prioritized
	Not Captured
	1: May be event A4 should be added as CHO triggering condition because of the unobvious near-far effect in NTN.

2: Based on UE and satellite location information, the CHO triggering will be more efficient. 

3: Due to the fact that satellite moving track is deterministic, the network could know about what time next satellite will come, so time could also be a triggering condition. If combined with measurement result, it will be more accurate.

4: need to wait for the progress of 0ms handover

	Thales
	Prioritized
	Prioritized
	Captured
	Captured
	1: Measurement based triggering might required additional triggers or adaptations due to near-far effect in NTN.
2: The UE should be able to calculate its position with respect the center of the cell (thanks to its location and beam/cell information that it should have)

3: The UE should have the information of beam layout/cell/ephemeris of the candidate cell list it may use. The timing information associated is useful mainly for LEO scenarios, more even with mobile beams. We might need to consider the error on the timer validity linked to the UE distance to the center of the cell, especially for LEO with mobile beam, not so critical for LEO with fix beams.

4: Network optimization nice to have.

	Sony
	Captured
	Prioritized
	Prioritized
	Not Captured
	All the events applied to CHO will be applied for NTN as well. On the other hand, any new triggers specific to NTN e.g. location trigger, timer trigger should be prioritized. 

	MediaTek
	Captured
	Not Captured
	Not Captured
	Captured
	1. We believe that Conditional Handover based on MR (similar to Rel. 15) should be captured.

2.3 Once CHO is standardized, further study is needed to determine if CHO based on time and/or location is useful.
4. Irrespective of CHO, packet duplication can be useful.

	Nomor Research
	Captured
	Prioritized
	Prioritized
	Not Captured
	1: Maybe useful for GEO.

2: Based on UE and satellite location information, the CHO triggering will be more efficient. 

3: Due to the fact that satellite moving track is deterministic, the network could know about what time next satellite will come, so time could also be a triggering condition. If combined with measurement result, it will be more accurate.

A group of successive HOs might be preconfigured to reduce signalling

4: optimization

	Spreadtrum
	Captured
	Captured
	Captured
	Captured
	All can be studied.

	CATT
	Captured
	Captured
	Not Captured
	Not Captured
	1. A4 is more reasonable for NTN when considering CHO than A3/A5. Anyway UE must trigger handover to the next cell due to fast moving satellite.
2. Actually, Measurement-based and Location (UE and Satellite) triggering can be combined together. Based on Location (UE and Satellite) info, UE will know when to start measurements, and then the UE moves to the next cell after confirming the incoming cell signal is valid based on measurements.
3. It’s not reliable.This configuration will be invalid when UE’s moving out of the predetermined satellite coverage area and in that case additional HO command will increase signalling overhead.

4. Too early to study.

	Panasonic
	Captured
	Captured
	Not captured
	Not captured
	Proposal 1 and 2 are essential for enabling the conditional HO in NTN, while proposal 3 and 4 are rather optional/optimization. 

	OPPO
	Captured 
	Not captured
	Not captured
	Not captured
	CHO measurement trigger based on Ax event should be the baseline.

	Ericsson
	?
	capture
	capture
	Not captured
	Prop 1, is this already agreed in mobility WI?

Prop, 2,3 Different triggering options should be captured in the TR with possible pros and cons

Prop 4 shold build on top of mobility WI. Maybe too early to capture based on this email discussion.

	ETRI
	Captured
	Captured
	Captured
	Not captured
	1,2 and 3 can be studied as potential triggering conditions.

4.better to discuss it later.

	LG
	Captured
	Prioritized
	Prioritized
	Not captured
	1. Ax events can be considered after eMob WI discussion.

2. Regarding that the LEO satellites move on predictable path, we shall prioritize discussing this issue - how to report the UE location information and under which condition to trigger CHO.

3. As LEO satellites are serviceable at a particular time duration, we need to consider time condition that the UE can perform CHO to the LEO satellite within given time range.

This issue can be discussed later.

	InterDigital
	Captured
	Prioritized
	Prioritized
	Not Captured
	1. Can be studied, but should wait for progress in ongoing mobility WI
2. Considering low RSRP variation in regions of cell overlap, and that this does not affect ongoing mobility WI should be prioritized.
3. Same as 2.

4. Somewhat of an optimization, however can be considered in a future release.

	Inmarsat
	Prioritized
	Captured
	Captured
	Captured
	1: The measurement-based triggering needs to be adapted/rethought in NTN due to reduced near-far effect 

2: In the case of static cell layout (GEO) the UE should determine its relative position, but in case of dynamic cell layout (LEO, dynamic/steering cells) requires too much signalling overhead

3: Can be considered to LEO.

4. Good to have feature.


	Fraunhofer
	Captured
	Prioritized
	Captured
	Captured
	Solution 2 and 3 can achieve the same result when the timer is configured taking the flight path into account.

	ITRI
	Captured
	Prioritized
	Prioritized
	Not Captured
	1: The triggering events that have been agreed for CHO should be captured.

2: Location is supposed to be a reasonable triggering condition for HO.

3: Time is also a reasonable triggering condition for HO in NTN as satellite moving track is deterministic and when the next cell comes is known.
4: Too early to discuss.

	Nokia
	Prioritized
	Captured
	Captured
	Not Captured
	1. In our view, measurement-based triggering has to be the baseline.

	Intel
	Captured
	Captured
	Captured
	Not Captured
	The first 3 solutions should be studied.

	ZTE
	Prioritized
	Captured
	Not Captured
	Not Captured
	1. The A3/A5 can be a baseline while further enhancements can be considered. Considering the condition that the RSRP of serving and neighboring cells are relatively small in overlap regions, A3 and A5 may not be sufficient. A3/A5 + UE location or A4 + UE location can be configured together as the triggering condition. 

2. Location triggered CHO can be considered especially for the case when the RSRP of serving and neighboring cells are relatively small in overlap regions.

3. NW may predict the target cell(s) and the proper time for HO according to the UE location and satellite ephemeris. To achieve this, the ephemeris should include the satellite location, the satellite moving orbit, the satellite moving velocity and some cell level information, e.g., the serving cell and the target cell for HO in the following time. The cell level information and the time predicted based on the satellite ephemeris should be accurate enough to avoid HO failure. Generally, the time is predicted based on the location and satellite ephemeris, so maybe we can start with the location triggering.

Discussion about the L2 packet duplication happens in other WI. It is common understanding that L2 packet duplication is mainly used to improve the robustness of transmission rather than reduce the mobility interruption time.  And we cannot see specific needs in NTN for the L2 packet duplication, it is better to not to duplicate the discussion in NTN to broaden the working scope unnecessarily.


Rapporteur Summary:

The following table summarizes company responses with regards to capturing the above enhancements:

	
	Prioritized
	Captured
	Not Captured

	Enhancement 1
	4
	14
	0

	Enhancement 2
	8
	9
	2

	Enhancement 3
	6
	8
	5

	Enhancement 4
	0
	5
	14


The following enhancements have either a clear majority or significant support and should be captured in TR 38.821: conditional HO triggered via measurements (18-0), via location (17-2) and via time/timer (15-5). Furthermore:

· (8) companies suggest location-based triggering of conditional handover, and (6) suggest time/timer-based triggering of conditional handover should be prioritized in further study.
· Many companies suggest that agreements from mob enh WI on measurement-based CHO are to be adopted, and possibly enhanced to accommodate NTN environment.
· Several companies note that the use of location and time-based triggers can be combined with measurement-based triggering, and the respective pro’s and con’s of different triggering methods should be evaluated.
· Several companies note that the deterministic movement of LEO satellites is well suited to additional triggers such as time or ephemeris based CHO.
A clear majority (5-14) think Conditional L2 packet duplication should not be captured in TR 38.821. Furthermore:
· Several companies clarify that this discussion should be handled in other WIs, and discussion for NTN at this stage is premature.
4.4 Signalling Latency Reduction [21, 30, 31]

Possible enhancements identified to reduce signaling latency/address group HO are:

1. RACH-less HO [30]: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB enabling the UE to perform RACH-less handover.
2. 2-step RACH [21]: The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.
3. Advanced preparation based on footprint information [31]: 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.
Question 13) For each proposed enhancement to reduce signalling latency, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comments section.

	Company
	Proposed Enhancement
	Comments

	
	1
	2
	3
	

	Huawei
	Prioritized
	Not Captured
	Captured
	1: With estimated TA value based UE location and satellite ephemeris, RACH-less solution can be applied, this will reduce RACH time and mitigate the impact of long RTT latency on service interruption time. 

2: Because the differential one way delay between nadir and EOC paths is larger than TN, we should wait for RAN1 evaluation before we make any decision.

3: Once the UE reaches the cell edge, the handover preparation can start, and we think it is already covered by location based conational handover enhancement mentioned in chapter 4.3.

	Thales
	Prioritized
	Captured
	Captured
	1: UE must know its location and satellite ephemeris to calculate the TA.
2: To be captured and analysed for the different NTN scenarios if it is a feature that will be implemented in TN.
3: At least the UE should have the beam footprint information size and distance to cell/beam center to help identify the cell edge.

	Sony
	Captured
	Captured
	Not Captured
	In general, 2-step RACH will be beneficial to NTN. We should study further enhancement for NTN once the on-going 2-step RACH WI becomes clearer. 

	MediaTek
	Not Captured
	Captured
	Captured
	1. RACH-less handover will result in breaking orthogonality between different UEs’ transmissions, unless significant resources are reserved. Such mechanism is impractical, as determined for Rel. 15.
2. 2-step RACH could be beneficial to reduce the RACH latency, depending on the outcome of the 2-step RACH WI.
3. Advanced preparation of beam footprint is useful if it includes beam center and next cell information.

	Nomor Research
	Prioritized
	Prioritized
	Not Captured
	Propagation delays are an issue for NTN and RACH less HO and 2-step RACH will reduce the overall time required for a lot of procedures. We think this is very important for NTN.

	Spreadtrum
	Prioritized
	Captured
	Captured
	1 TA can be calculated based on ephemeris and UE’s location
2 2-step RACH is beneficial especially for BSR. But more study is needed.
3 It looks workable. More study is needed.

	CATT
	Captured
	Not Captured
	Captured
	1. RACH-less is not hard to specified based on current specification and the benefit is obvious.
2.Wait for the progress in other WI.
3. Ephemeris and UE’s location can achieve the same goal.

	Panasonic
	Captured
	Not captured
	Not captured
	1: RACH-less HO can be considered as the baseline in NTN for the case where the source gNB and target gNB are synchronized. 

2: 2-step RACH are for CBRA but not for CFRA.

3: Proposal 3 can be achieved by the conditional HO with the UE location information being reported.

	OPPO
	Captured
	Not captured
	Not captured
	RACH-less HO benefits for latency reduction especially for GEOs with large propagation delay.

	Ericsson
	Captured
	Not captured
	Not captured
	Prop 1 There could be clear benefits of RACH less and it should be captured and the feasibility should be further evaluated.
Prop 2 Typically 2-step RACH should be discussed as part of random access and in this case it is not motivated why it should be discussed as part of mobility.
Prop 3. Not captured based on this email discussion. Unclear what is meant by advance configuratiuon and what is the relation/difference to HO and CHO command. Can be discussed in the meeting further.

	ETRI
	Captured
	Captured
	Not captured
	1. Based on satellite ephemeris and UE location, RACH-less HO will be beneficial to reduce handover interruption time. 

2. There are many benefits to adopting 2-step RACH as a baseline in NTN.

3. It can be achieved by combining RSRP/RSRQ measurement with location information of UE and satellite. 

	LG
	Not captured
	Captured
	Not captured
	1. NTN satellites have very long propagation delay, so we wonder whether it is reliable enough to use RACH-less handover.

2. It can be used, but we suggest to wait for the outcome of 2-stepRACH WI discussion.

3. If the serving gNB is LEO satellite with moving beam, we are not sure how to realize that the UE is at the cell edge. This can be covered by appropriate CHO configuration.

	InterDigital
	Captured
	Captured
	Not Captured
	1. Should satellite ephemeris and UE location be known, but this is not a suitable solution for UEs without location or with outdated location information. Should be coordinated with ongoing NTN RACH discussion.
2. Can be further considered, however should still wait for 2-step RACH WI discussion. Should be coordinated with ongoing NTN RACH discussion.
3. The cell information (i.e. size of beam) should be known to the UE, however it seems like CHO/conditional measurement reporting would accomplish the same thing.

	Inmarsat
	Captured
	Captured
	Captured
	Should be captured, but further studys needed to clearly show in which circumstances the use of these technichs provide some advantages.

	Fraunhofer
	Prioritized
	Captured
	Captured
	If the location is known RACH-less HO is preferred.

	ITRI
	Prioritized
	Not Captured
	Captured
	1: TA value can be estimated based on satellite ephemeris and UE location, so RACH-less HO, which has obvious benefit to signalling latency reduction, is applicable.

2: 2-step RACH is only for CBRA.

3: Advanced HO preparation based on footprint information is applicable and has benefit to signalling latency reduction. 

	Nokia
	Not Captured
	Not Captured
	Not Captured
	1. ‘Not Captured’ because we think further study is needed to check the feasibility of achieving this.

2. ‘Not Captured’ because we think further study is needed to understand the benefit of this.
3. ‘Not captured’ based on this email discussion.

	Intel
	Not captured
	Not captured
	Not captured
	In principle its fine to study all solutions, but its premature to capture solutions into the TR. RACH less handover: not clear how feasible it is, especially given the longer delays.
2-step RACH: not clear if anything beyond what is being discussed in the 2step RACH WI is needed.

Advance preparation seems to be possible already.

	ZTE
	Not Captured
	Prioritized
	Not captured
	1. RACH less HO can only be applied to the case when the there is no TA in the target cell. Considering the cell size in NTN, it is not possible that there is no TA needed in the target cell. Thus, RACH-less HO is not applicable in NTN.
2. 2-step RACH, especially 2-step RACH with CFRA, is obviously beneficial in reducing the signaling latency. Since the latency issue in NTN is quite severe especially for GEO, we would suggest to study 2-step RACH with CFRA in NTN to reduce the signaling latency to the most extent.

It is not clear to us what is meant by advance configuration and what is the relation or difference to HO and CHO command.


Rapporteur Summary:

The following table summarizes company responses with regards to capturing the above enhancements:

	
	Prioritized
	Captured
	Not Captured

	Enhancement 1
	6
	8
	5

	Enhancement 2
	2
	9
	8

	Enhancement 3
	0
	8
	11


The following enhancements have either a clear majority or significant support and should be captured in TR 38.821: RACH-less HO (14-5), 2-step RACH (11-8), and advanced preparation based on footprint information (8-11). Furthermore:
· (6) companies think RACH-less HO should be prioritized in further study.
· Many companies note that should the satellite ephemeris and UE location be known, RACH-less HO is a good option to reduce impact of long RTT by estimating TA. However, the feasibility of this solution should be further studied given the long propagation delay and possible uncertainties in satellite/UE position.
· Several companies note that prior to further discussion on 2-step RACH, more progress in required in the respective WI.

· It was also noted that discussions on RACH-less HO and 2-step RACH are being conducted in another email discussion on RACH capacity, and conclusions should be coordinated.

· Many companies noted that advanced preparation based on footprint information may already be covered by other enhancements such as conditional handover. Further discussion is necessary to determine if this solution is independent or redundant.
4.5 Invalid Configuration Indication [32]

Possible enhancements identified to address invalid configuration due to signaling delay are:

1. Conditional Handover [32]: In conditional handover, the UE determines locally if the triggering condition is satisfied, possibly avoiding mobility due to invalid/outdated measurements.
2. Re-establishment with problem indication [32]: upon re-establishment the UE may indicate the propagation delay issue via e.g. MSG3.

3. Reconfiguration complete with problem indication [32]: The UE may indicate the problem via the Reconfiguration Complete message. Alternatively, without mobility the UE may transmit Reconfiguration Complete to the source cell with the problem indication.

Question 14) For each proposed enhancement to indicate an invalid configuration, please indicate either “Prioritized”, “Captured”, or “Not Captured”. Companies may further explain their reasoning in the comments section.

	Company
	Proposed Enhancement
	Comments

	
	1
	2
	3
	

	Huawei
	Not Captured
	Not Captured
	Not Captured
	As we analysed in subsection 3.2, the signalling delay has not very large impact on validity of measurement results. So, such enhancement is not needed

	Thales
	Captured
	Captured
	Captured
	All enhancements seem independent and would improve mobility management for NTN.
1: CHO will allow the UE to initiate the HO once the conditions are met. FFS how the conditions will be defined.

2 and 3: would improve the signalling avoiding extra delay.

	Sony
	Not captured
	Not Captured
	Not Captured
	We don’t see a need to design a mechanism for detecting invalid configurations and reporting to the network.

	MediaTek
	Not captured
	Not Captured
	Not Captured
	We agree with Huawei and Sony that there is no need to capture the invalid configurations.

	Nomor Research
	Not Captured
	Not Captured
	Not Captured
	no need to capture the invalid configurations. We got lots of stuff to do and should concentrate on solutions for the most important problems.

	Spreadtrum
	Not captured
	Not Captured
	Not Captured
	Share Sony’s view

	CATT
	Not captured
	Not Captured
	Not Captured
	the signalling delay has not very large impact on validity of measurement results

	Panasonic
	Not captured
	Not captured
	Not captured
	The mechanism for detecting invalid configurations should be de-prioritized assuming we only have limited time. 

	OPPO
	Not captured
	Not captured
	Not captured
	We don't see the need to introduce invalid configuration indication for NTN.

	Ericsson
	Not captured
	Not captured
	Not captured
	Not captured based on this email discussion. Can be discussed further if time allows.

	ETRI
	Not captured
	Not captured
	Not captured
	We share Sony’s view.

	LG
	Captured
	Captured 
	Captured
	In NTN, one-way signalling delay between UE and RAN can reach up to over 270ms at the worst case. Considering that NR standard requires less than 1ms latency to signal one-way transmission, it means that invalid or improper situation can happen very frequently than the terrestrial scenario if UE support NTN service without consideration of this issue.

In our view, the proposed enhancement #1, CHO may be the best option to resolve this issue in the most scenarios but the CHO cannot be all-time solution because there can be other UEs or networks which are not capable to support CHO. 

The proposed enhancement #2 can be useful in the case that target cell is no longer valid and/or serving cell is going worse when UE received a HO command from the network. The proposed enhancement #3 can be useful in the case that target cell is no longer valid but serving cell is still good to stay when UE received a HO command from the network. 

	InterDigital
	Not Captured
	Not captured
	Not Captured
	Should this come for free (e.g. if CHO is adopted anyways and can also help this problem) then it could be applied, however as noted above we don’t feel this is a big enough issue to merit a dedicated solution given the limited timeframe.

	Inmarsat
	Cpatured
	Captured
	Captured
	This enhancement would improve the mobility management

	Fraunhofer
	Captured
	Not Captured
	Not Captured
	CHO allows configuring handovers well in advance mitigating signalling delay problems. Problem indication on the other hand leads to unnecessary overhead.

	ITRI
	Not captured
	Not Captured
	Not Captured
	Share Sony’s view

	Nokia
	Not Captured
	Not Captured
	Not Captured
	Have similar views as Ericsson on this.

	Intel
	Not captured
	Not captured
	Not captured
	

	ZTE
	Not captured
	Not captured
	Not captured
	When HO failure happens, UE will trigger re-establishment procedure and the re-establishement cause (e.g. reconfigurationFailure, handoverFailure and otherFailure) will be reported to network via RRCRe-establishmentRequest message. RLF report will be sent to network if reestablishement procedure fails. Both the cause value and the RLF report will be used for network anomaly analysis. 

So, are companies proposing to introduce NTN specific re-establishment cause value? We do not think it is needed.


Rapporteur Summary:

The following table summarizes company responses with regards to capturing the above enhancements:

	
	Prioritized
	Captured
	Not Captured

	Enhancement 1
	0
	4
	15

	Enhancement 2
	0
	3
	16

	Enhancement 3
	0
	3
	16


A clear majority of companies think that invalid configuration indication via conditional handover (15-4), re-establishment with problem indication (16-3) and reconfiguration complete with problem indication (16-3) should be not captured in TR 38.821. Furthermore:
· Many companies suggest that invalid configuration is not a major challenge in NTN, and given limited time, should not be captured at this stage. 
Proposal 4: 
The following enhancements have a clear majority or significant support and should be captured in TR 38.821:

· Measurement-triggered conditional HO 



(18-0)

· Location-triggered conditional HO 



(17-2)

· Time(r)-triggered conditional HO 



(15-5)

· Conditional triggering of measurement reporting 


(14-3)

· RACH back-off indication




(14-5)

· RACH-less HO






(14-5)

· inclusion of location in the measurement report 


(11-8)
· Broadcast HO configuration 




(11-9) 
· 2-step RACH 






(11-8) 
· Groupcast HO configuration 




(8-11)

· Advanced preparation based on footprint information 

(8-11)

· Bulk HO signalling 





(7-9)

Proposal 5: 
The following enhancements either: do not have significant support, are redundant with other WIs, are an optimization, or addresses a minor problem. As currently described, they are not to be captured in TR 38.821.

· Conditional L2 packet duplication 



(5-14)

· Location-based weighting of measurement results 

(5-14)

· Invalid configuration indication via conditional HO 

(4-15)

· Coarse location reporting 




(3-16)
· Invalid configuration indication via re-establishment 

(3-16)

· Invalid configuration indication via reconfiguration complete
(3-16)

4.6 Other Enhancements
Question 15) Companies can list other enhancements proposed in previously submitted contributions that may not be captured above, if any may be missing.
	Company
	Additional enhancements

	CATT
	For the Impact by Propagation Delay Difference on Measurements which is identified in 3.7, we give two potential enhancements:
Solution1: The network should compensate UE measurement window per UE considering the propagation delay difference between cells by dedicated signalling, the details are FFS.

Solution2: The network should compensate measurement window considering the propagation delay difference between cells by system information, the details are FFS.



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Companies are invited to comment on the above solutions:

	Company
	Enhancement 1
	Enhancement 2
	Comments

	
	
	
	

	
	
	
	

	
	
	
	


5 Conclusion

Conclusions to be made in Phase 2 based on company input.
Proposal 1: 
Only cell level mobility is considered in NTN from a RAN2 perspective.
Proposal 2:
When discussing NTN mobility challenges/solutions, RAN2 will prioritize transparent GEO (A) and LEO with moving beam (C2, D2) architectures during the study item phase. Additional scenarios may be considered pending outcome of NTN study in RAN1.
Proposal 3:
The following challenges are to be included in TR 38.821, and addressed with the designated priority:
	
	GEO
	LEO

	Latency to mobility signalling
	Prioritized (17/20)
	Prioritized (17/20)

	Measurement validity
	N/A (15/18)
	Captured (14/17)

	Cell overlap and near-far effect
	Prioritized (14/20)
	Prioritized (13/20)

	Frequency of HO
	N/A (13/20)
	Captured*

	Dynamic neighbour cell set
	N/A (12/20)
	Captured*

	HO for a large number of UEs
	Captured*
	Prioritized (19/20)


[NOTE for Proposal 3: * highlighted fields are rapporteur’s suggestion for cases with no clear majority and may require further discussion. Specific values are listed below for reference:]
	
	HIGH
	LOW
	N/A

	LEO Frequency of HO
	11
	8
	1

	LEO Dynamic Neighbour cell set
	10
	9
	0

	GEO HO for large number of UEs
	1
	8
	11


Proposal 4: 
The following enhancements have a clear majority or significant support and should be captured in TR 38.821:

· Measurement-triggered conditional HO 



(18-0)

· Location-triggered conditional HO 



(17-2)

· Time(r)-triggered conditional HO 



(15-5)

· Conditional triggering of measurement reporting 


(14-3)

· RACH back-off indication




(14-5)

· RACH-less HO






(14-5)

· inclusion of location in the measurement report 


(11-8)
· Broadcast HO configuration 




(11-9) 
· 2-step RACH 






(11-8) 
· Groupcast HO configuration 




(8-11)

· Advanced preparation based on footprint information 

(8-11)

· Bulk HO signalling 





(7-9)

Proposal 5: 
The following enhancements either: do not have significant support, are redundant with other WIs, are an optimization, or addresses a minor problem. As currently described, they are not to be captured in TR 38.821.

· Conditional L2 packet duplication 



(5-14)

· Location-based weighting of measurement results 

(5-14)

· Invalid configuration indication via conditional HO 

(4-15)

· Coarse location reporting 




(3-16)
· Invalid configuration indication via re-establishment 

(3-16)

· Invalid configuration indication via reconfiguration complete
(3-16)
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