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1Introduction

The UE measurement issue caused by propagation delay difference between satellites is still controversial based on the NTN online discussion in the first week of RAN2#112-e meeting. To understand the issue better, the following offline discussion is reserved to discuss further [3]:

·  [AT112-e][106][NTN] SMTC and gaps (CATT) first round

Scope: Discuss p6 and p7 in R2-2008834 and proposals in R2-2009456
Intended outcome: summary of the offline discussion with e.g.:
· List of proposals for agreement (if any)

· List of proposals that require online discussions

Initial deadline (for companies' feedback): Monday 2020-11-09 17:00 UTC

Initial deadline (for rapporteur's summary in R2-2010768):  Tuesday 2020-11-10 01:00 UTC

Proposals marked "for agreement" in R2-2010768 not challenged until Tuesday 2020-11-10 12:00 UTC will be declared as agreed by the session chair. For the rest the discussion will continue online.
We’d like to organize the offline discussion into two phases as follows:

Phase1: Companies are invited to give comments on the reserved questions before the deadline and the deadline for phase1 is Monday 2020-11-09 17:00 UTC. After the deadline of phase1, the rapporteur will give the summary very soon and trigger Phase2 discussion with proposals.

Phase2: Companies are encourage to comments on the proposals in the summary before Tuesday 2020-11-10 12:00 UTC.
Note1: All the proposals listed in the summary will be categorized into two types:

Type1: proposal for agreement, e.g. reach consensus by the majority.

Type2: proposal needs further discussion.

Note2: Proposals marked "for agreement" in R2-2010768 not challenged until Tuesday 2020-11-10 12:00 UTC will be declared as agreed by the session chair. For the rest the discussion will continue online.

Due to lack of time online, the offline discussion is extended:

[AT112-e][106][NTN] SMTC and gaps (CATT) second round
Updated Scope: Discuss remaining proposals from R2-2010768
Updated Intended outcome: summary of the offline discussion in R2-2010795 with e.g.:

  List of proposals for agreement (if any)

  List of proposals that require online discussions

Initial deadline (for companies' feedback): Thursday 2020-11-12 14:00 UTC
Initial deadline (for rapporteur's summary): Thursday 2020-11-12 16:00 UTC
Proposals marked "for agreement" in R2-2010795 not challenged until Friday 2020-11-13 04:00 UTC will be declared as agreed by the session chair. For the rest the discussion might continue online.
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	ZTE
	Yuan Gao
	gao.yuan66@zte.com.cn

	Panasonic
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3 Discussion
3.1 Background on the issue caused by propagation delay difference between satellites
The situation on propagation delay difference in NTN system is quite different than that in TN system. To simplify the analysis, the issue is illustrated in Figure 2.1:
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Figure 2.1 Two different wireless links for transparent payloads scenario (C2) in NTN system
In Figure 2.1, 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. LUS1G represents the length of wireless link 1 which consists of service link LUS1 and feeder link LS1G, while LUS2G represents the length of wireless link 2 which consists of service link LUS2 and feeder link LS2G. 
The length difference between LUS1G and LUS2G may be quite large, e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO. 
For UEs in connected mode, even if the SMTC configurations of the neighbour cells generated by satellite S2 are configured to UE, UE may still miss the SSB/CSI-RS measurement window as the measurement gap configuration doesn’t consider the time difference between tUS1G and tUS2G based on current spec in TN system. To simplify the analysis, we give the timing relationship from gateway side and UE side simultaneously to directly reflect the issue:
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Figure 2.2 Timing from gNB1 side and UE side
In Figure 2.2, signal delay 1 is tUS1G and signal delay 2 is tUS2G. From the view of gNB1, UE can measure the whole SSB window of gNB2 within the measurement window configured by gNB1. But from the view of UE, due to the time difference between delay 1 and delay 2, the SSB window of gNB2 can’t be wholly covered by the measurement window configured by gNB1, which means the UE may miss the reference signal of gNB2 even if using the whole measurement window configured by gNB1.

More addition, the propagation delay difference between satellites is changing along with the moving of satellites.

3.2 Questions for comments

Based on the analysis in sub-clause 2.1, we believe that people now may have a primary impression for this measurement issue. Before we go to discuss any potential solution, we’d like to invite companies to clarify some question first. As DC scenario is not in the scope of NTN R17WID, all the following questions only focus on SA scenario.

In TN system, both SMTC and gap configuration is based on the timing of PCell. For SMTC configuration, it indicates UE when they can find the SSB burst of a specific MO/frequency; while for measurement gap configuration, once received, the connected mode UE as well as the network will have a consistent understanding of the UE scheduling timing on when to suspend/start the data transmission/reception. 

Q1) Do companies agree that both SMTC and gap configuration in NTN system should be generated based on the timing of PCell, just like the way we do in TN system?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	Yes
	We should stick to this principle.

	China Telecom
	Yes
	

	Nokia
	Yes
	If this question is purely related to Connected mode: assuming the UE has already acquired the timing of a PCell, SMTC and gap configuration can be with reference to that PCell’s timing. 

	LG
	Yes
	Keep the legacy principle.

	Sony
	Yes
	

	OPPO
	Yes
	PCell timing reference should be baseline and SMTC/gap timing offset against PCell timing can be further signalled for NTN.

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	CATT
	Yes
	Fine to follow the legacy principle.

	Apple
	Yes
	

	Samsung
	Yes
	

	CMCC
	Yes
	

	Qualcomm
	Yes
	

	APT
	Yes
	Not sure carrier aggregation would be supported in Rel-17 NTN. If that is the case, there might be no other option.

	Huawei, HiSilicon
	Yes
	

	ETRI
	Yes
	We prefer to stick to the legacy behaviour.

	Intel
	Yes
	We will reword a little bit though. SMTC and gap configuration in NTN are configured based on the timing of PCell.

	Thales
	Yes
	

	ITRI
	Yes
	

	ZTE
	Yes
	

	Ericsson
	yes
	

	Panasonic
	Yes
	

	Vodafone 
	Yes
	


Summary for Q1:
24 companies joined the discussion of Q1
Yes: All companies, i.e. MediaTek, Lenovo, China Telecom, Nokia, LG, Sony, OPPO, Spreadtrum, Xiaomi, CATT, Apple, Samsung, CMCC, Qualcomm, APT, Huawei, HiSilicon, ETRI, Intel, Thales, ITRI, ZTE, Ericsson, Panasonic, Vodafone
No: 0 company
It seems that companies can reach consensus for the timing of SMTC and gap configuration in NTN, so we propose the following:
Proposal 1: SMTC and gap configuration in NTN are configured based on the timing of PCell (24/0).
Considering that all the companies support this proposal, it is marked as “for agreement”.
In TN system, the typical cell radius is several hundred of meters, the time difference between serving and neighbour cell is usually less than 1us, compared to the length of SMTC (at least 1ms), the impact caused by propagation delay difference between serving and neighbour cell is quite small, the risk for UE to miss the SSB burst of neighbour cell is quite small. 

But for NTN system, the situation is totally different. As mentioned before, the propagation delay difference between serving and neighbour satellites may be quite large, e.g. about 0~serval millisecond for LEO, which is comparable with the length of SMTC window, sometimes even larger. Due to suffer from different delay between SMTC window configured via serving satellite and SSB burst of neighbour satellite, a big timing gap will be perceived from UE side.

Q2) Do companies agree the following observations:

Observation1: If no enhancement is done for SMTC configuration in NTN system, a non-negligible timing gap will be perceived from UE side due to the different propagation delay between SMTC window configured via serving satellite and the corresponding SSB burst window generated by neighbour satellite.

Observation2: The delay difference may cause UE missing to detect SSB burst signal generated by neighbour satellite within the corresponding SMTC window configured via serving satellite.

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	Yes
	Referring to the RTD and differential RTD within a cell, we think the RTD to a neighboring satellite and the and differential RTD between satellites to a UE have the same order of magnitude, which will be a non-negligible timing gap.

	China Telecom
	Yes
	This issue will cause SSB detection of neighbour satellite failure.

	Nokia
	Yes for O2, not fully for O1 
	We agree the delay difference between serving and neighbouring satellite may case the UE misses SSB detection. However, we are not fully certain O1 is correct, if it implies an extension to existing specification is needed. Perhaps this may be addressed to some extent with the proper configuration? However, we are open to consider some solutions in this area, instead of blindly agreeing on the ‘general enhancement’.

	LG
	Yes
	

	Sony
	Yes with comments
	I think we should remove “for SMTC configuration” from observation 1 as it points to a specific solution.

	OPPO
	Yes
	

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	CATT
	Yes
	If companies think O1 imply some specific solutions, we are fine to remove “for SMTC configuration” in O1 to make it more general.

	Apple
	Yes
	

	Samsung
	Need discussion
	When there is a need to detect a 
eighbour cell, the UE may or may not experience a large propagation delay difference between the serving cell and a 
eighbour cell. If we have a short SSB periodicity (e.g., 5 ms) and if the SMTC measurement window is long enough, we may be able to avoid a problem via network configuration. We suggest a discussion on this topic instead of rushing into a solution.

	CMCC
	Yes
	The propagation delay difference between serving and neighbour satellites should be considered for SMTC configuration in NTN system.

	Qualcomm
	Needs discussion
	If the PCell is going to configure SMTC window, it should take into account the propagation differential delay. 

The satellites at different altitudes (e.g., LEO, GEO) are likely to operate in different carrier and SMTC is configured per carrier.

UE is not supposed to measure satellites at same altitudes that are hundreds of km away. Any enhancement to SMTC and measurement gap needs to be handled together. We need to discuss if measurement gap enhancement is enough.

	APT
	Yes
	

	Huawei, HiSilicon
	Yes
	We would like to have analysis on if UE will miss all SSB or just a part of them.

	ETRI
	Yes
	

	Intel
	yes
	We think that the UE may miss neighbouring cell measurements due to neighbouring SBB is outside of the measurement gap window cause by different propagation delay.

	Thales
	Yes
	Agree with the observations

	ITRI
	Yes
	

	ZTE
	Needs discussion
	For O1, we are not sure if any further enhancement is needed for “SMTC configuration”, one possible solution to address the delay difference issue is to reuse the existing SMTC configuration (which is generated based on the timing of PCell) and let UE derive the real timing on UE side (e.g. take the transmission delay into account).

For O2, the maximum delay difference of cells in a certain frequency should be clarified first before evaluating whether UE will miss the SSB detection of a neighbour cell.

	Ericsson
	
	These are possible observations

	Panasonic
	Yes
	

	Vodafone 
	Yes 
	As stated by Huawei and Qualcomm further analysis is required 


Summary for Q2:
24 companies joined the discussion of Q2
18 companies fully agreed the two observations, 1 company (Ericsson) tend to agree the observations. While Nokia think O1 may imply that the enhancement of SMTC configuration is necessary in NTN. Samsung, Qualcomm, Vodafone and ZTE think more analysis is needed before discussing the enhancement of SMTC window.
It seems that these observations are the common understanding of the majority companies, but companies still can’t reach consensus on whether the enhancement of SMTC configuration is necessary in NTN. Our suggestion is to study the scenarios first and then identify how serious the problem is before addressing any solutions:
Proposal 2-1: RAN2 understanding that the impact on SMTC configuration due to delay difference between satellites should be addressed in NTN. FFS：whether any enhancement for SMTC configuration is needed in NTN.
Proposal 2-2: RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
Considering that these proposals are still controversial, more discussion is needed before decision, so it is marked as “To be discussed”.

In normal case of TN system, the SSB burst signal generated by neighbour cell is always detectable within the corresponding SMTC window configured via serving cell. There is no need for the UE to measure SSB burst signal outside the corresponding configured SMTC window. But for NTN system, based on the analysis in Q2, the SSB burst signal generated by neighbour cell may be outside the corresponding SMTC window configured via serving satellite. If the UE has the capability to acquire the propagation delay difference between serving and neighbour satellites, UE still can know when to detect the real SSB burst signal generated by neighbour cell even if the SSB burst signal is outside the corresponding configured SMTC window. If RAN2 don’t want any enhancement for SMTC configuration for NTN, the UE should be allowed to search SSB burst signal generated by neighbour cell even outside the corresponding configured SMTC window.

If the answer in Q2 is ‘Yes’, please answer Q3; otherwise, ignore Q3.

Q3) Do companies agree the following understanding from RAN2 perspective?

In NTN system, if the NTN capable UEs are allowed to search the SSB burst signal generated by neighbour satellite even outside the corresponding configured SMTC window, there is no need to enhance the SMTC configuration; otherwise, enhancement for SMTC configuration is still needed due to the propagation delay difference between serving and neighbour satellites. 

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	No (to if)
	We think searching SSB burst of neighbour satellite outside the corresponding configured window is not acceptable. Therefore enhancement for SMTC configuration is needed.

	China Telecom
	Yes,but
	If UE has ability of searching SSB burst signal outside SMTC window, there is no need of SMTC configuration any more. We prefer to enhance the SMTC configuration.

	Nokia
	
	The specification seems to state the UE is not expected to search outside of the SMTC window which means the UE may do it, but the NW shall not require the UE to do it. Thus, what is proposed in Q3 does not appear to be a good solution to be applied in general (as difficult to predict what all UEs will do).

	LG
	No
	We prefer to enhance the SMTC configuration to keep the legacy principle that UE shall not consider SS/PBCH block transmission in subframes outside the SMTC occasion for RRM measurements based on SS/PBCH blocks.

	Sony
	depends
	UE shall not disappear without network knowledge. 

	OPPO
	
	We agree to the intention, but we don’t think it is “if the NTN capable UEs are allowed to search SSB outside SMTC window”, but “are forced to” due to no enhancement introduced.

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	Some enhancement for SMTC configuration is needed, if UE is allowed to measure SSB outside SMTC window, there may cause significant throughput degradation with SSB periodicity = 160ms.

	CATT
	Yes
	We think it’s not acceptable for the network to allow UE searching SSB burst outside the corresponding SMTC window, because we think the UE should have a consistent understanding with the network for the usage of SMTC window. Any ambiguity should be avoided, so we prefer to enhance SMTC window.

	Samsung
	Need discussion
	If a UE autonomously searches outside the SMTC window, it can create a significant scheduling issue. We suggest a discussion on this topic instead of rushing into a solution.

	CMCC
	Yes
	The case for the if sentence is unacceptable, because this will make the UE miss the SSB burst of neighbour cell.

	Qualcomm 
	Need discussion
	Due to uncertainty and inaccuracy, UE may always have to adapt +/- delta for the smtc but within measurement gap.

	APT
	No
	UE may calculate the delay difference between sat1-UE and sat2-UE. However, additional information is needed, e.g., 1) UE shall know the periodicity of the SMTC window (or the periodicity of the target SSBs); 2) the delay difference between two feeder links, i.e., sat1-GW and sat2-GW for an intra-gNB HO.

	Huawei, HiSilicon
	No
	Enhancing the SMTC configuration is one option, it’s too early to exclude it. We can discuss all candidate solutions together.

	ETRI
	Yes
	We agree that the enhancement for SMTC configuration is needed. We prefer to minimize the impact on the legacy behaviour of UE. 

	Intel
	No
	The UE may miss downlink data if it measures during that time. We think it is a better design if we stick to legacy behaviour where the UE always perform measurement within configured measurement gap.

	Thales
	Yes
	Agree with the understanding

	ITRI
	Yes
	UE behaviour would be unpredictable to network when allowing UE to measure SSB outside SMTC window. Enhancement for SMTC configuration is preferred.

	ZTE
	/
	It is related to how we interpret SMTC in NTN. 
In NR, the SMTC at network side and UE side can be considered as the same time range since the transmission delay is quite small. 

But it is not the same case in NTN as the transmission delay is non-negligible. 

If we confirm that the SMTC configuration is generated based on the timing of PCell and let UE derive the real timing at UE side, there may be two SMTC definition in a NTN cell: SMTC at PCell and SMTC at UE side. UE will search the SSB burst signal within the SMTC at UE side.

	Ericsson
	no
	We should discuss enhancements and then see

	Panasonic
	-
	The first ‘if’ relies on something unpredictable (i.e., relies on UE implementation), and therefore cannot be considered as an standard solution. Thus, we think enhancement is required. 

	Vodafone 
	Yes (see comments->) 
	it needs to be clarified in this question whether the 2nd satellite is part of the cluster of satellites that the UE is allowed to register on? Or is the 2nd satellite part of another satellite system? 

In the former case then yes we agree.

	
	
	


Summary for Q3:
23 companies joined the discussion of Q3

All companies except Huawei and ZTE prefer to follow the principle we have in TN system for SMTC configuration, i.e. UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window. But Huawei and ZTE would like to keep everything open at this stage.
The following proposal is given based on the majority’s (21/2) preference:
Proposal 3: RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN (21/2).
Considering that majority companies support the intention of the proposal, it is marked as “for agreement”.
Q4) Do companies agree to enhance the SMTC configuration for NTN system?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	Yes
	

	China Telecom
	Yes
	

	Nokia
	
	We believe we should discuss particular solutions first, instead of blindly agreeing beforehand that SMTC config for NTN shall be enhanced. 

	LG
	Yes
	

	Sony
	
	Enhancing SMTC config is one option

	OPPO
	Yes
	

	Spreadtrum
	No
	NTN capable UE have the ability to calculate the actual SMTC window of a neighbour cell based on location and ephemeris. We prefer the solution with less impacts to the spec.

	Xiaomi
	Yes
	The SMTC offset should include the timing difference between serving cell and neighbour cell.

	CATT
	Yes
	Please see the reason in Q3

	Apple
	Yes
	

	Samsung
	Need discussion
	We would like to discuss if the combination of a short SSB periodicity (e.g., 5 ms) and a long SMTC measurement window can help avoid the problem. 

	CMCC
	Yes
	

	Qualcomm
	Need discussion
	Before making agreement, we should consult with RAN4 if new measurement gap pattern is enough.

	APT
	Yes
	The SMTC configuration is optional to provide useful information to UE for power saving purpose. Enhancement is beneficial.

	Huawei, HiSilicon
	Need discussion
	We need to analyse and compare all the candidate solutions, then decide which way to go.

	ETRI
	Yes
	

	Intel
	Yes but
	We think that RAN4 has enhanced measurement gap WI starting soon and it can be applied to NTN. So we can wait for Ran4 progress.

	Thales
	Yes
	SMTC configuration should be enhanced for NTN system.

	ITRI
	Yes
	

	ZTE
	Need discussion
	Agree with Nokia that we should discuss particular solutions first.

	Ericsson
	Too early to agree
	

	Panasonic
	Yes
	

	Vodafone
	Yes
	as discussed previously the SMTS window needs to follow the variation of the satellite path in its elliptical orbit 


Summary for Q4:
24 companies joined the discussion of Q4

The following companies (16) would like to have enhancement for SMTC configuration in NTN:

MediaTek, Lenovo, China Telecom, LG, OPPO, Xiaomi, CATT, Apple, CMCC, APT, ETRI, Intel, Thales, ITRI, Panasonic, Vodafone
The following companies (8) prefer to let it open at this stage:

Nokia, Sony, Spreadtrum, Samsung, Qualcomm, Huawei, HiSilicon, ZTE, Ericsson,
Since in Q2 summary, our suggestion is to study the scenarios first and then identify how serious the problem is before addressing any solutions, so no need to pursue anything here.

If SMTC configuration enhancement is proved to be needed in NTN system, the following options can be considered [1][2]:

Option1: Extend the measurement window to cover all the possible SSB period in NTN, in which case the configuration of SMTC is not needed.

Option2: Reuse current signaling for SMTC configuration. It is up to UE to derive the real timing on UE side (e.g. take the transmission delay into account)

Option3: Extend the SMTC configuration based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites. 
Option4: NW provides SMTC configuration for each neighbour cell with different offset value, while taking different transmission delay into account. 
Option5: NW provides a list of cells that need +/- offset to the SMTC configured by smtc1.

All the above options can be categorised into two types:

Type1: Network based solution, i.e. all except Option3;

Type2: UE based solution, i.e. Option3;

The propagation delay difference between serving and neighbour satellites is per UE subjected to UE location. For Network based solution, some solutions need network to know UE location. 

Q5) Can RAN2 assume that the network will always have UE accurate location info for SMTC window configuration enhancement in NTN system?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	No
	The network will be aware of UE’s RTT, but not necessarily UE’s location. 

	Lenovo
	No
	The network may not obtain the accurate UE location info.

	China Telecom
	No
	We think this assumption is too strict for practical scenarios. 

	Nokia
	No


	It does not seem to be a viable assumption, unless the UE is configured to continuously report its location and the UE continuously measures its location.

	LG
	No
	It seems not feasible.

	Sony
	
	We think instead a coarse location information should be available to the network.

	OPPO
	No
	UE location is not a must. The key is propagation delay difference, which can be calculated and reported by the UE to the network.

	Spreadtrum
	No
	

	Xiaomi
	Yes
	UE can report its location information to serving cell

	CATT
	No
	too strict for Network implementation

	Apple
	No
	The network will not be aware of the UE location. It will know of the UE RTT though as mediatek pointed out.

	Samsung
	No
	There could be excessive signaling if the network is to know the UE location with high accuracy. Through a reasonable Timing Advance reporting mechanism, the network can potentially have a good estimate of the end-to-end UE-gNB delay.

	CMCC
	No
	RTT information is sufficient, while UE location is unnecessary.

	Qualcomm
	May be
	But coarse location can also work for SMTC configuration. 

	APT
	No
	Need progress on [AT112-e][105][NTN] RRC aspect

	Huawei, HiSilicon
	No
	Location information is not needed. NW can get RTT of UE, it’s sufficient to generate SMTC configuration.

	ETRI
	No
	

	Intel
	Yes or No
	It depends on UE location reporting and delay.

	Thales
	No
	UE location information is not mandatory. The UE’s RTT should be sufficient.

	ITRI
	No
	UE accurate location is not necessary for network to estimate offset or extend SMTC window. 

	ZTE
	No
	

	Ericsson
	Porbably not
	

	Panasonic
	No
	It depends on how often UE need to report its location information to the network.

	Vodafone 
	No 
	for this SMTS window/feature, the round trip delay information is sufficient


Summary for Q5:
24 companies joined the discussion of Q5

The following companies (20) think RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN:

MediaTek, Lenovo, Nokia, China Telecom, LG, OPPO, CATT, Spreadtrum, Samsung, Apple, Huawei, HiSilicon, ZTE, CMCC, APT, ETRI, Intel, Thales, ITRI, Panasonic, Vodafone
The following companies (5) prefer to let it open at this stage:

Xiaomi, Sony, Intel, Qualcomm, Ericsson,
The following proposal is given based on the majority’s (20/5) preference:
Proposal 4: RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN (20/5).
Considering that this proposal is still controversial, more discussion is needed before decision, so it is marked as “To be discussed”.
If the answer in Q4 is ‘Yes’, please answer Q6; otherwise, ignore Q6.
Q6) which option above is more desirable from RAN2 perspective and which option above is totally unacceptable from your side for SMTC window configuration enhancement?

	Company
	Preferred
	Not acceptable
	Comments

	MediaTek
	-
	-
	We are open to discuss all potential solutions for this problem. We think more discussions are needed before selecting an option for solution.

	Lenovo
	Option 4 or 5
	-
	For Option 4 we prefer UE to report differential delay(s) (e.g. by ephemeris and its location) instead of location info. So that the network provides SMTC configuration for each neighbour cell with different offset value.

For Option 5 UE reporting differential delay(s) is needed as well to determine the offset(s).

Option 1 and 3 as extending options will limit the resource a UE can use for data transmission and reception. More discussions are needed

For Option 2 we think it means a possibility of searching outside the corresponding configured window, which is unaware by the network.

	China Telecom
	-
	-
	We are open for all potential solutions. More detail discussion is needed

	Nokia
	Other option – see the description
	
	In our opinion Option 4 and Option 5 basically describe the same solution. Option 2 is unpredictable in terms of UE performance and has zero impact on the specification.

We think the UE should try to measure even outside of the SMTC window (somewhat aligned with Option 2), but then UE should report this shift to the NW and the NW in turn should not schedule the UE in these shifted timeslots.  

	LG
	Option 4
	Option 2
	In option 2, UE is required to perform the measurement even outside the configured measurement window. It is not acceptable as mentioned in Q3. 

We also think further clarification on each solution is needed, but generally, we prefer to have multiple windows than a single large window to minimize the UE’s effort required for SSB measurement.

	Sony
	Option 4/5, can also consider Nokia solution
	
	Option 1 and option 3 are not efficient from resource utilisation point of view. But may work if accurate location information is available and also true for option 2.

Option 4 and 5 are similar and details are stage-3.

	OPPO
	Option 4/5
	Option 1/2/3
	We think option 4 and 5 are equivalent.

	Spreadtrum
	Option 2
	
	Simple and straight forward solutions are preferred.

	Xiaomi
	Option 4
	Option 1
	Option 1 will cause significant throughput degradation with longer SSB periodicity

	CATT
	Op3 
	Op1/Op2/op4/op5
	For op1, op1 will significantly extend the SMTC window(At most to 160 ms), which is not desirable from resource usage rate perspective.
As for op2, we think it will force UE to detect SSB burst outside the SMTC window, we prefer to rule out op2 first.

For op3, this location is a network based solution, if the network use this solution, no UE location is needed at all, sereral millisecond extention is sufficient for LEO, which is still acceptable from resource usage rate perspective.
For op4 and op5, we also think op5 is equal to op4, this option is too complex from network perspective. Due to the change of the delay defference along with the moving of satellite, the configured SMTC window may be invalid within a short time, which will force the network frequently update UE configuration by RRC reconfiguration message. More addition, UE shall detect SSB burst outside the SMTC window before reporting the delay difference to the network, which breaks the principle we have in TN system.
More discussion may be needed to down select one.
,.



	Apple
	Option 4/5
	Options 1/2/3
	More discussions are needed though.

	Samsung
	-
	-
	We need more discussions. Could the combination of short SSB periodicity and a long SMTC window work?

	CMCC
	
	
	All solutions mentioned above are fine to us. Further discussion are needed before downselection.

	Qualcomm
	Option 5
	Option 1
	We also think Option 1 results in throughput degradation.

In Option 5: only a group of cells following significantly different offset needs to be signalled.

	APT
	Option 2

Option 4
	Option 1

Option 3
	Option 1 and Option 3 do not provide any useful information to UE.

	Intel
	
	2:UE and NW should have the same view to avoid UE to miss DL data

1,3: it will be quite inefficient 
	We think that we should wait for RAN4 RRM enhanced work item. Or we can send LS to RAN4 to see if the new WI will solve NTN measurement issue.

	Thales
	Option 3
	
	During conditional handover, the SMTC may have to be extended to adapt to the worst case.

	ITRI
	Option 5 or 4
	Option 2
	Option 2 would result in unpredictable UE behaviour.

We prefer Option 5 more even Option 5 and Option 4 are similar. Option 5 the offset can be estimated by the propagation delay different between the serving cell and the neighbouring cell without knowing UE location.

	ZTE
	Option 2
	-
	(1) Option 3/4/5 requires UE location information at network side to derive the transmission delay. Since UE location is not always available at network side, these options are not applicable for all the cases. A common solution is expected from our side, otherwise we may need to specify indications to differentiate configuration for difference cases.
(2) We understand that option 2 does not mean measurements outside SMTC. It is related to how we interpret SMTC in NTN. 
In NR, the SMTC at network side and UE side can be considered as the same time range since the transmission delay is quite small. 

But it is not the same case in NTN as the transmission delay is non-negligible. If we confirm that the SMTC configuration is generated based on the timing of PCell and let UE derive the real timing at UE side, there may be two SMTC definition in a NTN cell: SMTC at PCell and SMTC at UE side. UE will search for SSB during the SMCT at UE side.

	Ericsson
	
	Option 1, 3?
	If window is too long the information does not really help UE. 

	Panasonic
	-
	-
	We are open to discuss all options for now. 

	Vodafone 
	Options 3 and Option 1 

See comments ->
	Options 2, 4 and 5
	Option 3 allows for a dynamic SMTS window setting which is more efficient in terms of delay 

however, if the window cannot be dynamically adjusted then Option 1 should cater for all round trip delays 

Option 4 is complicated

Option 2 will put added pressure on the UE 

Option 5 is complicated 




Summary for Q6:
22 companies joined the discussion of Q6
Companies views are summarized like the following:
	Options
	Number of supported companies
	Number of not supported companies

	Option1
	1
	7

	Option2
	3
	6

	Option3
	3
	4

	Option4
	8
	2

	Option5
	6
	2


Based on current comments, we think it’s too early to make any decision now. Since in Q2 summary, our suggestion is to study the scenarios first and then identify how serious the problem is before addressing any solutions for SMTC configuration, so no need to pursue anything here.
Companies are encouraged to further analyse the pros and cons for each candidate solutions in the next meeting.
In TN system, measurement gap is used to measure intra/inter frequency when UE can’t do unicast data receiving and intra/inter frequency measurement at the same time. During the configured measurement gap, the network will not exchange data with UE, so UE can safely do intra/inter frequency measurement without missing data. So to avoid any un-synchronized behaviour between UE and the network, UE along with the network should have a consistent understanding of the measurement gap.

Q7) Do companies agree that UE along with the network in NTN system should also have a consistent understanding of the measurement gap to avoid any un-synchronized behaviour between UE and the network, just like the way we have in TN? 

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	Yes
	

	China Telecom
	Yes
	

	Nokia
	Yes
	But not necessarily a separate solution is needed, if we agree on something related to SMTC.

	LG
	Yes
	

	Sony
	Yes
	

	OPPO
	Yes
	This is obvious in any network that implements measurement gaps.

	Spreadtrum
	Yes
	

	Xiaomi
	Yes
	

	CATT
	Yes
	

	Apple
	Yes
	

	Samsung
	Yes
	

	CMCC
	Yes
	

	Qualcomm
	Yes
	

	APT
	Yes
	

	Huawei, HiSilicon
	Yes
	

	ETRI
	Yes
	

	Intel
	Yes
	

	Thales
	Yes
	All un-synchronized behaviour should be avoided.

	ITRI
	Yes
	

	ZTE
	Yes
	

	Panasonic
	Yes
	

	Vodafone 
	Yes 
	


Summary for Q7:
23 companies joined the discussion of Q7

All companies agree to follow the principle we have in TN system for gap configuration, i.e. UE along with the network in NTN system should also have a consistent understanding of the measurement gap to avoid any un-synchronized behaviour between UE and the network, just like the way we have in TN.

The following proposal is given based on all companies’ (23/0) preference:
Proposal 5: UE along with the network in NTN should also have a consistent understanding of the measurement gap to avoid any un-synchronized behaviour between UE and the network, just like the way we have in TN (23/0).
Considering that all companies support this proposal, it is marked as “for agreement”.
Q8) Do companies agree to enhance the measurement gap configuration for NTN system?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	Yes
	

	Lenovo
	Yes
	

	China Telecom
	Yes
	

	Nokia
	
	Again, as suggested above, for SMTC, let’s discuss particular solution proposals first and decide if any of them can address the issues described prior to Q7 and Q8.

	LG
	Yes
	

	Sony
	Yes
	

	OPPO
	Yes
	

	Spreadtrum
	No
	The simplest way is to only support 5 ms SSB period in NTN.

	Xiaomi
	Yes
	

	CATT
	Yes
	

	Apple
	Yes
	

	Samsung
	TBD
	We need more discussions. Could the combination of short SSB periodicity and a long SMTC window work? We observe that a given cell with a certain PCI would not need many beams in an NTN and a short SSB periodicity would likely be adequate.

	CMCC
	Yes
	

	Qualcomm
	Yes
	However, RAN4 must be involved before we agree on a solution.

	APT
	Yes
	

	Huawei, HiSilicon
	Yes
	

	ETRI
	Yes
	

	Intel
	Yes but
	Wait for RAN4 new WI

	Thales
	Yes
	A solution is needed to adapt the measurement gap in case of satellite change

	ITRI
	Yes
	

	ZTE
	
	Agree with Nokia that we should discuss particular solutions first.

	Ericsson
	Too early to decide
	

	Panasonic
	Yes
	Agree with Qualcomm.

	Vodafone 
	Yes 
	


Summary for Q8:
24 companies joined the discussion of Q8

The following companies (19) would like to have enhancement for measurement gap configuration in NTN:

MediaTek, Lenovo, China Telecom, LG, Sony, OPPO, Xiaomi, CATT, Apple, CMCC, Qualcomm, APT, Huawei, HiSilicon, ETRI, Intel, Thales, ITRI, Panasonic, Vodafone
The following companies (5) prefer to let it open at this stage:
Nokia, Spreadtrum, Samsung, ZTE, Ericsson,
Intel tends to wait for RAN4 input.
It seems that whether enhancement is needed or not is still controversial for measurements gap in NTN, Our suggestion is to study the scenarios first and then identify how serious the problem is before addressing any solutions for measurements gap in NTN, so no need to pursue anything here.
Proposal 6-1: RAN2 understanding that the impact on measurements gap configuration due to delay difference between satellites should be addressed in NTN. FFS: whether any enhancement for measurements gap configuration is needed in NTN.
Proposal 6-2: RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for measurements gap configuration in NTN.
Considering that these proposals are still controversial, more discussion is needed before decision, so it is marked as “To be discussed”.
If measurement gap configuration enhancement is proved to be needed in NTN system, the following options can be considered [1][2]:

Option1:Extend the length of the measurement gap to ensure that the length is larger than or equal to the SSB periodicity.
Option2:Reuse the current signaling for measurement gap configuration (i.e. configure measurement gap per frequency
), and the timing of measurement gap configured refer to the timing on satellites or on NTN GW. With the configured measurement gap, it is up to UE/NW to derive the measurement gap on UE side based on its location and the ephemeris of candidate satellites. Since the real timing of SMTC window on UE side for cells in other satellites will change from time to time based on the movement of satellites, the NW need to derive the real timing of measurement gap on UE side based the location of UE and the ephemeris of candidate satellites. Note: In this alternative, the measurement gap is maintained per satellite.
Option3: Configure multiple measurement gaps per frequency and the timing of measurement gap configured refer to the timing of PCell on UE side.
Option4:Extend the length of the measurement gap based on the max propagation delay difference between serving and neighbour satellite to avoid UE missing the SSB burst of neighbour satellites.
Option 5: periodically apply the measurement gap timing advance to detect all possible SSBs.
All the above options can be categorised into two types:

Type1: Network based solution, i.e. all except Option2;

Type2: UE based solution, i.e. Option2;

The propagation delay difference between serving and neighbour satellites is per UE subjected to UE location. For Network based solution, some solutions need network to know UE location. 

Q9) Can RAN2 assume that the network will always have UE accurate location info for measurement gap configuration enhancement in NTN system?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	No
	Please see our response to Question 5.

	Lenovo
	No
	The network may not obtain the accurate UE location info.

	China Telecom
	No
	

	Nokia
	No
	As commented for Q5.

	LG
	No
	

	Sony
	
	Same as Q5

	OPPO
	No 
	See our reply to Q5.

	Spreadtrum
	No
	

	Xiaomi
	Yes
	

	CATT
	No
	

	Apple
	No
	

	Samsung
	No
	

	CMCC
	No
	

	Qualcomm
	May be
	See response in Q5.

	APT
	No
	Need progress on [AT112-e][105][NTN] RRC aspect

	Huawei, HiSilicon
	No
	Same as Q5

	ETRI
	No
	Same as Q5

	Intel
	Yes or No
	It depends on UE location reporting and delay.

	Thales
	No
	Same comment as Q5

	ITRI
	No
	

	ZTE
	No
	

	Ericsson
	Maybe not
	

	Panasonic
	No
	Same comment as Q5.

	Vodafone 
	No 
	


Summary for Q9:
24 companies joined the discussion of Q9

The following companies (20) think RAN2 can’t assume that the network will always have UE accurate location info for measurements gap configuration in NTN:

MediaTek, Lenovo, Nokia, China Telecom, LG, OPPO, CATT, Spreadtrum, Samsung, Apple, Huawei, HiSilicon, ZTE, CMCC, APT, ETRI, Intel, Thales, ITRI, Panasonic, Vodafone
The following companies (5) prefer to let it open at this stage:

Xiaomi, Sony, Intel, Qualcomm, Ericsson,
The following proposal is given based on the majority’s (20/5) preference:
Proposal 7: RAN2 can’t assume that the network will always have UE accurate location info for measurements gap configuration in NTN (20/5).
Considering that this proposal is still controversial, more discussion is needed before decision, so it is marked as “To be discussed”.

If the answer in Q8 is ‘Yes’, please answer Q10; otherwise, ignore Q10.
Q10) which option above is more desirable from RAN2 perspective and which option above is totally unacceptable from your side for measurement gap configuration enhancement?

	Company
	Preferred
	Not acceptable
	Comments

	MediaTek
	-
	-
	We are open to discuss all potential solutions for this problem. We think more discussions are needed before selecting an option for solution.

	Lenovo
	-
	-
	Option 1, 3 and 4 as extending options will limit the resource a UE can use for data transmission and reception. Option 3 will also lead to move frequent RF switchover.

For Option 2 we think it means a possibility of searching outside the corresponding configured window, which is unaware by the network. The network can obtain the differential delay(s) (e.g. by UE reporting) and configure the window according to it.

	China Telecom
	-
	-
	We are open for all potential solutions. More detail discussion is needed

	Nokia
	Other
	
	Options 1, 3, 4 can be considered with some enhancements, such as adaptable use of increased number/duration of MG. By adaptable we mean for instance to use the information about the inbound cells and whether to measure them more intense (with more gaps, etc.).

	LG
	-
	-
	The same approach should be applied to the SMTC and gap enhancements. If different approaches are used, it is likely to cause asynchronous problem between the enhanced SMTC and the measurement gap, and the measurement of the corresponding inter-frequency will fail.

	Sony
	Option 4
	
	RAN4 should be consulted

	OPPO
	Option 3
	Option 1/4
	Extending measurement gap length would reduce the scheduling opportunities and increase date interruption.

	Xiaomi
	
	Option 1
	NW provides measurement gap configuration for neighbour cell or cell group with different offset value, while taking different transmission delay into account. Measurement gap enhancement should be discussed in RAN4, RAN2 should send a LS to ask RAN4 to resolve this issue.

	CATT
	Op4
	op1
	For op1, op1 will significantly extend the gap window(At most to 160 ms), which is not desirable from resource usage rate perspective.
For op2, there is a risk for UE to measure SSB burst outside gap window, which break the principle we have in TN system. More addition, network should know UE location for Op2.
For op3, it’s too complex for the network to do resource scheduling with multiple gap. Anyway RAN4 is still involved for this solution. More addition, 

UE shall detect SSB burst outside the gap window before reporting the delay difference to the network, which breaks the principle we have in TN system.
For op4, no UE location info is needed from network perspective, and sereral millisecond extention is sufficient for LEO, which is still acceptable from resource usage rate perspective.

	Apple
	-
	-
	More discussions are needed. 

	Samsung
	-
	-
	We need more discussions.

	CMCC
	
	
	Please see our comments to Q6.

	Qualcomm
	Option 4 with condition or Option 5


	Option 1

Option 2

Option 3
	Options 1, 3 and 4 degrades throughput.

In option 2, measurement gap still should be per UE (or per FR1 or FR2). However, UE and network may be out of synch on UL/DL transmissions timing.

Option 4 can be considered if frequent measurement (with shorter periodicity as in TN) is not needed so that interruption can be minimized. 

Alternatively, option 5 can be considered where MG timing advance is applied periodically to detect SSBs from cells with different propagation delays. The period can be defined sufficiently large to let UE implementation handle the frequency measurements.

LS can be sent to RAN4 for feedback on Option 4 and Option 5.



	APT
	Option 2

Option 3
	Option 1

Option 4
	Option 1 and Option 4 would provide useless information and damage throughput

	Intel
	
	2,4
	We think that we should wait for RAN4 RRM enhanced work item. Or we can send LS to RAN4 to see if the new WI will solve NTN measurement issue.

	Thales
	Option 4
	
	During conditional handover, the measurement gap may have to be extended to adapt to the worst case.

	ZTE
	Option 4
	-
	Option 2/3 requires UE location information at network side thus cannot be a common solution for all cases.

	Ericsson
	
	Option 1, 4?
	It seems this option means UE is not reading PDCCH much. Given delays in NTN, throughput can be quite low if this kind of gap window is applied.


	Panasonic
	-
	-
	We are open to discuss all options for now.

	Vodafone 
	Option 4
	
	


Summary for Q10:
20 companies joined the discussion of Q10
Companies views are summarized like the following:

	Options
	Number of supported companies
	Number of not supported companies

	Option1
	0
	6

	Option2
	1
	2

	Option3
	2
	1

	Option4
	6
	4

	Option5
	1
	0


Based on current comments, we think it’s too early to make any decision now. Since in Q9 summary, our suggestion is to study the scenarios first and then identify how serious the problem is before addressing any solutions for measurements gap configuration, so no need to pursue anything here.

Companies are encouraged to further analyse the pros and cons for each candidate solutions in the next meeting.

Measurement feature is also tightly related to RAN4 requirement, if RAN2 agree to enhance measurement gap configuration enhancement and/or SMTC window configuration enhancement. RAN4 may be involved.

Q11) If RAN2 agree to enhance measurement gap configuration enhancement and/or SMTC window configuration enhancement, is there any need for RAN2 to ask RAN4 on RRM requirements in NTN considering SMTC and measurement miss-alignment issue due to large differential propagation delay?

	Company
	Yes/No
	Comments (if any)

	MediaTek
	-
	We think it is too early to involve RAN4 at this stage. Once we have a clear view of the solution, we can send a LS to RAN 4.

	Lenovo
	Depends on solution
	If network can obtain the differential delay(s) (e.g. by UE reporting), measurement gap/SMTC window configuration mechanism remain unchanged so no need to ask RAN4.

	China Telecom
	-
	More discussion is needed.

	Nokia
	Yes
	An LS can be sent, but only once RAN2 take some solid decisions in this area.

	LG
	-
	More discussion is needed.

	Sony
	Yes
	

	OPPO
	Yes
	RAN4 needs to be involved in RRM requirement discussion.

	Xiaomi
	Yes
	As SMTC configuration was defined by RAN1 and measurement gap configuration was defined by RAN4. Maybe RAN1 is the right place to discuss the SMTC configuration enhancement, while the measurement gap enhancement shall be discussed in RAN4.

	CATT
	Yes
	We need ask RAN4, but for now, the requirement is not clear enough. We can try to conclude the controversial part.

From our side, two issues need to be clarified by RAN4.

Issue1: In NTN system, Is it possible for UE to detect SSB burst outside the SMTC/gap window? Even if network can obtain the differential delay by UE reporting, this issue is still exsiting before reporting during UE differential delay measurement. Anything that break the TN measurement principle should be confirmed by RAN4.

Issue2: In NTN system, is it possible/feasible to extend the SMTC/gap window or configure multiple gap window? RAN4 should know the NTN new measurement requirements.


	Apple
	-
	Agree with CATT that requirement is not completely clear and more discussion is needed.

	Samsung
	-
	Let’s discuss more internally within RAN2 first.

	CMCC
	
	Maybe it is too early to discuss whether RAN4 work is needed.

	Qualcomm
	Yes
	Main concern is measurements of satellites at different altitudes, i.e., serving satellite is GEO and neighbour satellite for measurement is LEO. It is likely that measurements of many cells are not as important as in terrestrial networks and RAN4 should need to look into the RRM requirements for NTN. 

	APT
	Yes
	

	Huawei, HiSilicon
	Yes
	It’s necessary to inform RAN4 to consider the corresponding requirement for measurement in NTN.

	ETRI
	-
	More discussion is needed.

	Intel
	
	We should ask RAN4 if new RRM WI will cover NTN measurement issue.

	Thales
	-
	More discussion is needed.

	ITRI
	
	It may be too early to ask RAN4 at this stage.

	ZTE
	-
	An LS can be sent only after we have clear preference on the solutions.

	Ericsson
	-
	We don’t need to send LS now or discuss the need, it can be done later.

	Vodafone 
	
	Agree with previous comments that further discussion is required on this topic 


Summary for Q11:
22 companies joined the discussion of Q11
Most of the companies (16) prefer not to send LS to RAN4 in this meeting to clarify the requirements for measurement SMTC/gap configuration in NTN as the discussion in RAN2 is premature at this stage, while at least 6 companies would like to send the LS, i.e. Sony, Oppo, Xiaomi, Qualcomm, APT, Huawei, HiSilicon, so we need more discussion online:
Proposal 8: More discussion is needed in RAN2 before sending LS to RAN4 to clarify the requirements for measurement SMTC/gap configuration in NTN(16/6).
Considering that majority companies support the intention of the proposal, it is marked as “To be discussed”.
4Conclusion: 

4.1List of agreeable proposals in second round
Proposal 1: SMTC and gap configuration in NTN are configured based on the timing of PCell (24/0).
4.2 List of proposals to be discussed
Proposal 2-1: RAN2 understanding that the impact on SMTC configuration due to delay difference between satellites should be addressed in NTN. FFS：whether any enhancement for SMTC configuration is needed in NTN.
Proposal 2-2: RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for SMTC configuration in NTN.
Proposal 4: RAN2 can’t assume that the network will always have UE accurate location info for SMTC window configuration in NTN (20/5).
Proposal 5: UE along with the network in NTN should also have a consistent understanding of the timing, including the timing for measurement gap, to avoid any un-synchronized scheduling between UE and the network, just like the way we have in TN (23/0).
Proposal 6-1: RAN2 understanding that the impact on measurements gap configuration due to delay difference between satellites should be addressed in NTN. FFS: whether any enhancement for measurements gap configuration is needed in NTN.
Proposal 6-2: RAN2 can first identify the scenarios and discuss how serious the impact is before addressing any enhancement for measurements gap configuration in NTN.
Proposal 7: RAN2 can’t assume that the network will always have UE accurate location info for measurements gap configuration in NTN (20/5).
Proposal 8: More discussion is needed in RAN2 before sending LS to RAN4 to clarify the requirements for measurement SMTC/gap configuration in NTN (16/6).
4.3 Email agreed proposal in first round
Proposal 3: RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN (21/2).
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