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[bookmark: _Hlk521259925]In RAN1#106b-e meeting, agreements were achieved on time and frequency synchronization for IoT NTN [1].
	Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.
Agreement:
For eMTC PUSCH, a 3-bit field to indicate K=8 values for the uplink transmission segment duration:
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128
Agreement:
For eMTC, a 3-bit field is defined in the SIB to indicate the following K=8 values for the uplink transmission segment duration of PRACH:
· (TCP+TSEQ+TGP), 2*(TCP+TSEQ+TGP), 4*(TCP+TSEQ+TGP), 8*(TCP+TSEQ+TGP), 16*(TCP+TSEQ+TGP), 32*(TCP+TSEQ+TGP), 64*(TCP+TSEQ+TGP), 128*(TCP+TSEQ+TGP)  
Agreement:
For eMTC, the same value is used for segment durations for all PRACH preambles

Agreement:
For NB-IOT, the same value is used for segment durations for all NPRACH preambles for a particular NPRACH format

Agreement:
In eMTC/NB-IoT, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response 
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = TA 16, where TA is the timing advance command in msg2.
· When TACs ( provided within the MAC CE is received,  is updated as follows: 
·  ,
· Where TA is the TAC field received in MAC CE command.

Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode  autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

R1-2110652	DRAFT LS on  Validity Timer for UL Synchronization for IoT NTN	Moderator (MediaTek)
Decision: As per email decision posted on Oct 22nd, the draft LS is endorsed. Final version is approved in R1-2110673.


In this contribution, we will discuss some time and frequency synchronization related aspects for IoT over NTN.
Discussion
GNSS Measurements
[bookmark: _Hlk86935586]In RRC_IDLE
In RAN1#106b-e meeting, there was a discussion on GNSS Measurements in RRC_IDLE, but no consensus was achieved. Moderator suggested for more discussion on the following proposal [2].
	Conclusion 
Acquisition of GNSS position fix during paging procedure is up to UE implementation and network configuration of paging timers considering GNSS measurement duration (e.g. GNSS Time To First Fix with cold start of typically 10 seconds) impact in NTN scenario. These paging timers are not specified in 3GPP in legacy paging procedure (i.e. T3413 / T3415).


For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. GNSS measurement duration can be up to 10 seconds, which implies that after MME requests the lower layer to start paging, it may receive paging response after a long time (e.g., 10 seconds).


Figure 1: Paging procedure using S-TMSI.
As shown in Figure 1, in current specification (TS 24.301), to initiate high level paging procedure initiated by the MME, the EMM (EPS Mobility Managed) entity in the network requests the lower layer to start paging and shall start the timer:
· T3415 for this paging procedure, if the network accepted to use eDRX for the UE and the UE does not have a PDN connection for emergency bearer services.
· Otherwise, T3413 for this paging procedure.
T3413/T3415 is a supervision timer for the paging procedure. The MME can re-attempt the paging procedure if T3413/T3415 expires before a response is received.
Note that the expiry time of T3413/T3415 is implementation dependent and is not specified in 3GPP, network operator may configure expiry time of T3413/T3415 considering GNSS measurement duration (e.g., 10 seconds) impact in NTN scenario. Thus, for sporadic DL traffic, the existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Based on the above discussion, we agree with Moderator’s conclusion made in the last meeting.
Observation 1: For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. The existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Proposal 1: Support the following conclusion.
· Acquisition of GNSS position fix during paging procedure is up to UE implementation and network configuration of paging timers considering GNSS measurement duration (e.g. GNSS Time To First Fix with cold start of typically 10 seconds) impact in NTN scenario. These paging timers are not specified in 3GPP in legacy paging procedure (i.e. T3413 / T3415).
In RRC_CONNECTED
In RAN1#106b-e meeting, there was a discussion on GNSS Measurements in RRC_CONNECTED, but no consensus was achieved. Moderator suggested for more discussion on the following proposal [2].
	if GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE

UE reports GNSS position fix validity duration can be used by network to move UE to RRC_IDLE 
· FFS further details of contents - e.g. at least the following can be considered
· GNSS position fix validity duration is determined by the UE at the time it is reported by the UE
· Including the time of last GNSS fix, 
· Including the time at which GNSS position fix will become invalid, 
· FFS signalling for UE report via MAC CE or RRC signalling


Regarding the mechanisms for GNSS Measurements in RRC_CONNECTED, at least the RLF related solution should be supported. In the case that other mechanisms fail and GNSS becomes outdated, UE needs to stop transmission with outdated GNSS to avoid jam (cause interference to) other UEs in time and frequency at the eNB as soon as possible.
Proposal 2: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.

In typical case, the network should ensure UL transmission to be terminated before GNSS position fix outdate. The gNB may estimate GNSS position fix validity duration based on conservative estimation, e.g., 10s, or based on UE’s reported on the rest validity duration of GNSS position fix.
Report of the rest GNSS position fix validity duration can be considered as an enhancement functionality for UE is medium or high velocity. For sporadic short transmission, the report may be triggered by the network before UL transmission is scheduled.
Proposal 3: UE reports GNSS position fix validity duration to be used by network to move UE to RRC_IDLE can be considered as an enhancement functionality.
· The rest GNSS position fix validity duration after the reporting may be reported.
· The report may be triggered by the network before UL transmission is scheduled.
Validity timer for UL synchronization
As discussed in our company’s contribution in NTN [3], two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or common TA related parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1, just like “timeInfoUTC” field acts in SIB16.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Observation 2: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1, just like “timeInfoUTC” field acts in SIB16.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).

If Approach 1 (The update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, the following three options can be considered to implicitly determine the reference time of Common TA Epoch time:
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
· Option 2: The serving satellite epoch time is implicitly known as a reference time set to be the Nth slot after start of SI window of SI message carrying the assistance information.
· Option 3: The epoch time is set to be boundary of last DL slot carrying the SIB.
Note that SIB1 may be used to convey the assistance information. If SIB1 is used to convey the assistance information, Option 2 is not workable, since SI window is not defined for SIB1.
Option 3 can be considered for less signaling overhead. Nevertheless, in NR-NTN, it is hard for a UE to determine the boundary of the first or the last transmission repetition of SIB1.
Option 1 can be considered as a unified design for both NR-NTN and IoT NTN.
Based on the above discussion, if Approach 1 is adopted, one of the following options can be supported.
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, one of the following options can be supported.
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
· Option 3: The epoch time is set to be boundary of last DL slot carrying the SIB.

On the other hand, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE expects the assistance information keep valid within the current SI modification period. We can say that the serving satellite epoch time is implicitly known as the start boundary of the current SI modification period. Nevertheless, there seems no need to explicitly specify the epoch time as well as the validity duration for the assistance information, since the indicated value in SIB is naturally valid within the current SI modification period. The drawback of Approach 2 seems as too frequent update of SI.
It is up to RAN2 to determine which approach is adopted for updating the assistance information.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Long UL transmission on PUSCH and PRACH
Configuration of UL transmission segment
In RAN1#106b-e meeting, agreements were achieved on configuration of UL transmission segment [1].
	Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.


Regarding the FFS, with consideration on limited time, configuration via SIB can also be applied for RRC_CONNECTED.
Proposal 7: Configuration of UL transmission segment is indicated on SIB in RRC_CONNECTED.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Observation 1: For sporadic DL traffic, UE may perform GNSS measurements after a paging occasion and only if it has been paged to reduce battery consumption. The existing timers (e.g., T3413/T3415) can be configured large enough to ensure a sufficient gap to accommodate GNSS acquisition after decoding the paging message and before initiating UL transmission.
Observation 2: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1, just like “timeInfoUTC” field acts in SIB16.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
[bookmark: _GoBack]Proposal 1: Support the following conclusion.
· Acquisition of GNSS position fix during paging procedure is up to UE implementation and network configuration of paging timers considering GNSS measurement duration (e.g. GNSS Time To First Fix with cold start of typically 10 seconds) impact in NTN scenario. These paging timers are not specified in 3GPP in legacy paging procedure (i.e. T3413 / T3415).
Proposal 2: If GNSS becomes outdated, UE in RRC_CONNECTED declares RLF and move to RRC_IDLE.
Proposal 3: UE reports GNSS position fix validity duration to be used by network to move UE to RRC_IDLE can be considered as an enhancement functionality.
· The rest GNSS position fix validity duration after the reporting may be reported.
· The report may be triggered by the network before UL transmission is scheduled.
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, one of the following options can be supported.
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
· Option 3: The epoch time is set to be boundary of last DL slot carrying the SIB.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of systemInfoValueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Proposal 7: Configuration of UL transmission segment is indicated on SIB in RRC_CONNECTED.
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