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[bookmark: _Ref165266342]Introduction
In RAN#86, a new work item on solutions for NR to support NTN [1] has been approved. In the WID, one of the objectives is to enhance control plane procedures for connected mode UE, shown as below.
	· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].


In this contribution, we will discuss some issues about connected mode for NTN and provide some suggestions.
Discussion
Measurement
Measurement initiation condition
In R16, connected mode UE based on s-MeasureConfig to perform measurements on non-serving cells, which is the threshold for NR SpCell RSRP measurement. But in the NTN system, the near-far effect is not pronounced. So, UE cannot make sure whether itself is in the serving cell center or edge based on serving cell measurement result. If UE trigger non-serving cell measurements based on the serving cell RSRP, UE may measure non-serving cells too early or too late.
Observation 1: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced. 
Considering the deterministic movement of satellites and satellite cells, UE can estimate whether itself is in the cell center or edge based on the satellite cell and UE location information. So, RAN2 should study measurement initiation condition for non-serving cells based on the serving cell and UE location information.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.
SMTC and Measurement gap configuration
In RAN2#115-e and 113bis-e [2] [3], multiple SMTC configurations associated to one frequency has been agreed. For Measurement gap configuration, RAN2 has agreed to enhance it and discussed some potential solutions for measurement gap configuration in 113bis-e, as following:
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Option 1: Extended measurement gap window.
Option 2: Up to UE implementation.
Option 3: Multiple measurement gap patterns.
Option 1 will limit the resource that a UE can use for data transmission and reception. Option 2 will result in unpredictable UE behavior which may cause UE miss the next transmission window of the serving cell. Option 3 is a flexible way and can solve the problem of option 1 and 2 with appropriate configuration. How to configure multiple properly measurement gaps for different satellites with different propagation delay can be determined by network implementation. Furthermore, a WID [4] “NR Measurement Gap Enhancements” has been approved and multiple concurrent and independent MG patterns is one of the objectives of the WID，which has been discussed in RAN4. So, option 3 can be supported.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: Multiple measurement gap patterns should be supported in NR NTN.
For multiple SMTC/gap configurations, UE may face the problem of measurement window overlap. Different measurement windows are configured for different satellite cells, whose frequency may be different. So, UE has to select a measurement window to apply. A simple way is that UE can select a SMTC/measurement gap randomly. Considering the propagation distance, load and so on, network may want UE to measure a cell or frequency with high priority. Hence, UE can select the SMTC/measurement gap configuration based on priority configured by network.
Observation 2: For multiple SMTC/Gap configurations, UE may face the problem of measurement window overlap.
Proposal 3: UE can select the applied SMTC/Gap configuration based on priority configured by network or randomly, when SMTC/Gaps overlapping.
UE assistance for SMTC/Gap configurations
RAN2 has supported UE to report assistant information to the NW to assist NW calculating the offset for SMTC/Gap configurations and discuss the definition of assistance information, UE location or propagation delay related information [3]. In LCS, reporting of finer location information/full GNSS coordinates in RRC_CONNECTED with user consent has been supported in NTN if SA3 accept it [3]. So, UE location information can be part of UE assistance if gNB has UE consent. Considering UE privacy, some UEs may not allow gNB to obtain its finer location. So, network cannot obtain the accurate propagation delay difference based on the UE finer location information. But UE can report propagation delay difference to help network configure SMCT/measurement gap if user doesn’t give its consent to allow gNB to obtain its location in NTN.
Proposal 4: The gNB can configure UE to report finer location for SMTC/Gap configurations, if gNB has user consent.
Proposal 5: UE can report the propagation delay difference between serving satellite and neighbor satellite as the assistance information for SMTC/Gap configurations, if user doesn’t give its consent for finer location report due to UE privacy. 
In order to calculate the propagation delay difference, UE need to know the location of serving satellite and neighbor satellites. So, the satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbor’s ephemeris.
Proposal 6: The satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbor’s ephemeris.
[bookmark: OLE_LINK17]If gNB doesn’t have user consent and UE report the propagation delay difference to aid SMTC/Gap configurations, UE has to frequency update the propagation delay difference due to the movement of non-GEO satellites, which may lead to high signalling overhead. For the configuration of SMTC/Gap, UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected in NTN system. According to the Cell ID or the corresponding frequency information reported by UE, network only need to update the SMTC/Gap configuration of the reported cell or frequency and UE only need to report propagation delay difference between serving cell and the neighbour satellite of the reported cell or frequency, even if propagation delays of other neighbour cells have changed a lot. The way can reduce the frequency of SMTC/Gap reconfigurations and signalling overhead.
Proposal 7: UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Gap configurations.
If gNB has user consent and UE report finer location, gNB can configure can reconfigure SMTC/Gap based on UE finer location. Because of high satellites speeds and fast changing propagation delays, gNB need to reconfigure SMTC/Gap frequently with high signaling overhead. However, in NTN, the movement of satellites and corresponding propagation delays can be predicted by network. 
Based on the feature, potentially frequent SMTC/Gap reconfigurations can be avoided. SMTC/Gap configuration can consider the predictable change to configure dynamic SMTC/Gap configurations. For dynamic SMTC/Gap configurations, the drift rate of offset can be included in SMTC/Gap configurations in addition to the existing parameters, which indicates the difference value of offset between the next and the current SMTC/Gap window. UE can use the drift rate to change the offset of SMTC/Gap to apply the changing of propagation delays. When the drift rate becomes invalid, gNB can reconfigure SMTC/Gap configurations. Using dynamic SMTC/Gap configurations, signaling overhead can be reduced, and UE and serving gNB will automatically synchronize the offset of measurement windows.
Proposal 8: A drift rate of offset can be introduced for SMTC/Gap configurations to reduce signalling overhead. The drift rate indicates the difference value of offset between the next and the current SMTC/Gap window and can be configured based on the predictable satellite movements and propagation delays.
CHO
Location information of cell center
In RAN2#113bis-e and RAN2#114-e [3] [5], RAN2 has agreed to define the location information in CHO triggering event as the distance between the UE and the reference location of the cell (serving cell or the target cell) and the reference location for the event description is defined as cell center.
For the scenario of earth-moving cell, with the movement of the satellite, the cell center will move on the ground. In the case, network need to update the location information of cell center frequently, which will result in high signalling overhead. So, RAN2 should discuss how to provide the location information of cell center to UE to reduce signalling overhead. Ephemeris and cell center information are closely related, and providing satellite ephemeris to UE has been supported. So, it is a great way to include the location information of cell center in ephemeris information.
Proposal 9: The location information of cell center can be a part of ephemeris information for location based CHO triggering event.

Consideration on RRC release
According to 38.331, when receiving RRC release message, UE will delay the procedure of RRC release for 60ms or when lower layers indicates the successful acknowledgement of the receiption of RRC release. The reason for this is to ensure UE successfully notifying gNB the reception of RRC release message and gNB can thereby release the UE to reduce the risk of state mismatch.
	[bookmark: _Toc60776816][bookmark: _Toc60867597]5.3.8.3	Reception of the RRCRelease by the UE
The UE shall:
1>	delay the following actions defined in this sub-clause 60 ms from the moment the RRCRelease message was received or optionally when lower layers indicate that the receipt of the RRCRelease message has been successfully acknowledged, whichever is earlier;


[bookmark: _Hlk78878988]As we stated in the introduction part, the delay value is to accommodate possible (re)transmissions of acknowledgement for RRC release and set an upper limit for the wait time. Regarding what the receipt of the RRCRelease message has been successfully acknowledged refers to, it was discussed in R2-166558 [6] in RAN2 #95bis NB-IOT session, and we have the following observation:
Observation 3: for LTE, the receipt of the RRCRelease message has been successfully acknowledged means that:
1. UE receives the HARQ ACK from eNB for UL RLC status report message for UEs other than NB-IOT/eMTC UEs, if eNB polls for RLC status report.
2. UE does not receive UL grant during drx-ULRetransmissionTimer after UE sends RLC status report for RRC release message for NB-IOT/eMTC case, if eNB polls for RLC status report.
3. Note: with asynchronous UL HARQ operation in NB-IoT, eMTC and LAA (unlicensed carrier), where there is no explicit HARQ ACK for uplink transmissions.
4. HARQ ACK has been sent for RRC release message if eNB does not polls for RLC status report for eMTC/NB-IOT.
For NR, similar to NB-IOT, gNB does not send HARQ ACK for UL transmission. Thus, the meaning of  the receipt of the RRCRelease message has been successfully acknowledged is that:
Observation 4: for NR, the receipt of the RRCRelease message has been successfully acknowledged means that:
1. UE does not receive UL grant during drx-RetransmissionTimerUL after UE sends RLC status report for RRC release message, if gNB polls for RLC status report.
2. HARQ ACK has been sent for RRC release message if gNB does not polls for RLC status report.
For bullet 1, multiple interactions (i.e. multiple RTT) are required for UE to know that it has successfully acknowledge the RRC release message. 
The following table is the RLC RTT for NR case:
	SCS [kHz]
	RLC RTT [ms]
	Slot duration [ms]
	HARQ RTT 1 [ms]
	HARQ RTT 2 [ms]
	RLC RTT / 
HARQ RTT 1
	RLC RTT / 
HARQ RTT 2

	15
	50
	1
	4
	8
	12.5
	6.25

	30
	40
	0.5
	2
	4
	20
	10

	60
	30
	0.25
	1
	2
	30
	15

	120
	20
	0.125
	0.5
	1
	40
	20


From the table, we can see that RLC RTT is 6.25-40 times of HARQ RTT. The maximum RTT value is under 15kHz SCS case. We will take the 6.25 (HARQ RTT2) and SCS = 15kHz for NTN to calculate RLC RTT:
For NTN, the maximum HARQ RTT would be 541.46ms, then RLC RTT would be 541.46*6.25 = 3.38s. Thus, the current 60ms delay is not sufficient.
Proposal 10: For the reception of RRC release, the 60ms delay value should be extended for NTN.
Proposal 11: For the reception of RRC release, the 60ms delay value is extended to 3.4s for NTN.
Conclusions 
In this contribution, the following observations and proposals are given based on the discussion in section 2:
Observation 1: Criterion based on signal strength of serving cell for measurements on non-serving cells is inadequate in the NTN system as the near-far effect is not pronounced.
Proposal 1: RAN2 should study measurement initiation condition for non-serving cells based on location information, the following options can be considered.
Option 1: UE can perform measurements on non-serving cells based on the distance between UE and the serving satellite.
Option 2: UE can perform measurements on non-serving cells based on the distance between UE and the reference location (e.g cell center) of the serving cell.
Proposal 2: Multiple measurement gap patterns should be supported in NR NTN.
Observation 2: For multiple SMTC/Gap configurations, UE may face the problem of measurement window overlap.
Proposal 3: UE can select the applied SMTC/Gap configuration based on priority configured by network or randomly, when SMTC/Gaps overlapping.
Proposal 4: The gNB can configure UE to report finer location for SMTC/Gap configurations, if gNB has user consent.
Proposal 5: UE can report the propagation delay difference between serving satellite and neighbor satellite as the assistance information for SMTC/Gap configurations, if user doesn’t give its consent for finer location report due to UE privacy.
Proposal 6: The satellite ephemeris should be provided to UE, including serving cell’s ephemeris and neighbor’s ephemeris.
Proposal 7: UE can report the neighbor Cell ID or the corresponding frequency whose SSB burst cannot be detected as UE assistance information, which may be helpful for the network to update SMTC/Gap configurations.
Proposal 8: A drift rate of offset can be introduced for SMTC/Gap configurations to reduce signalling overhead. The drift rate indicates the difference value of offset between the next and the current SMTC/Gap window and can be configured based on the predictable satellite movements and propagation delays.
Proposal 9: The location information of cell center can be a part of ephemeris information for location based CHO triggering event.
Observation 3: for LTE, the receipt of the RRCRelease message has been successfully acknowledged means that:
1. UE receives the HARQ ACK from eNB for UL RLC status report message for UEs other than NB-IOT/eMTC UEs, if eNB polls for RLC status report.
2. UE does not receive UL grant during drx-ULRetransmissionTimer after UE sends RLC status report for RRC release message for NB-IOT/eMTC case, if eNB polls for RLC status report.
3. Note: with asynchronous UL HARQ operation in NB-IoT, eMTC and LAA (unlicensed carrier), where there is no explicit HARQ ACK for uplink transmissions.
4. HARQ ACK has been sent for RRC release message if eNB does not polls for RLC status report for eMTC/NB-IOT.
Observation 4: for NR, the receipt of the RRCRelease message has been successfully acknowledged means that:
1. UE does not receive UL grant during drx-RetransmissionTimerUL after UE sends RLC status report for RRC release message, if gNB polls for RLC status report.
2. HARQ ACK has been sent for RRC release message if gNB does not polls for RLC status report.
Proposal 10: For the reception of RRC release, the 60ms delay value should be extended for NTN.
Proposal 11: For the reception of RRC release, the 60ms delay value is extended to 3.4s for NTN.
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