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1. Introduction

In RAN#92 e-meeting, the WID of NB-IoT/eMTC support for Non-Terrestrial Networks has been approved [1]. The objective related to user plane is as below:
	All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.

Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:

-
User Plane:

-
Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 

-
Enhancements to RLC t-Reordering timer. 

-
Others:

-
Provisioning of ephemeris


In RAN2#115-e meeting, some agreements have been achieved for IoT over NTN. In this contribution, we will further discuss the remaining FFSs on user plane of IoT over NTN and give our proposals. 
2. Discussion

2.1. Enhancement to HARQ timers

In RAN2 115-e meeting, the following agreements have been achieved for IoT over NTN:

	· UE-eNB RTT is taken into account when calculating the (UL) HARQ RTT timer. 


And in RAN2 115-e meeting, the following agreements has been agreed for NR NTN:

	Agreements:

· Confirm the RAN2 working assumption that offset to drx-HARQ-RTT-TimerUL length is equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).

· Confirm the RAN2 working assumption that for HARQ processes with DL HARQ feedback enabled, the drx-HARQ-RTT-TimerDL length is increased by an offset equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).


According to the common understanding in previous discussion, we can follow the NR NTN agreements and extend the HARQ RTT timer and UL HARQ RTT timer value by UE-gNB RTT (i.e. sum on UE's TA and K_mac) for IoT NTN.

Proposal 1: To extend the HARQ RTT timer and UL HARQ RTT timer value by UE-gNB RTT (i.e. sum on UE's TA and K_mac) for IoT NTN.

2.2. TA information reporting

In RAN2 115-e meeting, the following agreements have been achieved for IoT over NTN:

	· RAN2 assumes that TA information (FFS what) reporting by the UE on network enabling will be needed in IoT NTN. Expect RAN1 need to progress on this, and can maybe reuse NR NTN progress. FFS in which message this is provided.

Agreements via email - from offline 106:

1. The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).

2. Reporting on the information about UE specific TA in connected mode is supported, FFS via RRC signalling or MAC CE

3. Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed.
4. If configured, the UE shall report information of the UE specific TA pre-compensation to the target cell during the random access. FFS if a new indication in RRC reconfiguration with sync (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).


Considering the UE specific TA reporting is necessary in both RA procedure and connected mode, and MAC CE will be used in RA procedure, for simplicity and less Uu overhead, MAC CE can also be used for UE specific TA reporting in connected mode.

Proposal 2a: MAC CE can be also used for UE specific TA reporting in connected mode.

Considering that eNB cannot identify UE during RA procedure before receiving Msg3, the eNB can only control the UE specific TA reporting in RA procedure by SIB, e.g., by a new indication in SIB. For simplicity, such UE specific TA reporting indication in SIB can also be used in connected mode. Since the UE need only to receive SIB1 and SIB2 of the target cell during HO, the indication only needs to be included in SIB1 or SIB2.

Proposal 2b: An indication in SIB1 or SIB2 is used to control the UE specific TA reporting in RA procedure and in connected mode.  

Generally, the UE specific TA reporting in RA procedure will be associated with Msg3 transmission. Similar as the way to include the DPR reporting MAC CE in Msg3, the UE specific TA MAC CE can be always placed in the fixed position in Msg3, e.g., before the DPR MAC CE for NB-IoT and before the CCCH MAC SDU for eMTC. With this way, no additional subheader for UE specific TA MAC CE in RA procedure is needed.

Proposal 2c: If UE specific TA MAC CE is included in Msg3, it can be always placed in the fixed position in Msg3. With this way, no additional subheader for UE specific TA MAC CE in RA procedure is needed.
For simplicity and in order that eNB  can exactly identify whether UE specific TA MAC CE is included in Msg3, , we prefer that the UE in the cell should always report the UE specific TA information in the RA procedure once the indication of UE specific TA reporting is included in SIB. 

Proposal 2d: Once the indication of UE specific TA reporting is included in SIB, the UE in the cell should always report the UE specific TA information in the RA procedure.

Considering that UE specific TA MAC CE may be flexibly concatenated with different MAC CE in connected mode, a new LCID for UE specific TA MAC CE would be needed in connected mode, and subheader for UE specific TA MAC CE is used in connected mode.

Proposal 2e: The subheader for UE specific TA MAC CE is used in connected mode. 
It is still FFS on the details about event-triggers for reporting on the information about UE specific TA in connected mode. We can postpone the discussion and wait for further NR NTN and RAN 1 progress.

Proposal 2f: The discussion on details about event-triggers for reporting on the information about UE specific TA in connected mode can be postponed till further NR NTN and RAN1 conclusion are made.
2.3. Enhancement to RLC timer

The value range of RLC t-Reordering timer is as follows:
	T-Reordering ::=




ENUMERATED {











ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35,











ms40, ms45, ms50, ms55, ms60, ms65, ms70,











ms75, ms80, ms85, ms90, ms95, ms100, ms110,











ms120, ms130, ms140, ms150, ms160, ms170,











ms180, ms190, ms200, ms1600-v1310}


Considering the large RTT of GEO (e.g. about 541ms), the number of DL data PDUs received will be less than that in TN in a certain period. To avoid unnecessary PDU re-ordering and re-transmission, the value range of RLC t-Reordering timer should be extended. 
Comparing with the largest PDU transmission interval of eMTC (e.g. r256 is set to mpdcch-NumRepetition, and n128 is set to pucch-NumRepetitionCE), the large RTT of GEO (e.g. about 541ms) only increase the PDU transmission interval by 2 times. So the maximal value of RLC t-Reordering timer only needs to be enlarged by 2 times. Therefore, the extended RLC t-Reordering timer value can be ENUMERATED (ms3200, ms6400).

Considering that the largest PDU transmission interval of NB-IoT (e.g. the largest value of npdcch-NumRepetitions is r2048) is larger than that of eMTC, the value of RLC t-Reordering timer defined for eMTC is enough for NB-IoT.

Proposal 3: The RLC t-Reordering timer value is extended with ENUMERATED (ms3200, ms6400) for IoT NTN.

2.4. Enhancement to PDCP timer

The current value range of PDCP discardTimer is as follows:

	discardTimer
	eMTC：

ENUMERATED {ms50, ms100, ms150, ms300, ms500, ms750, ms1500, infinity}

NB-IoT：

ENUMERATED { ms5120, ms10240, ms20480, ms40960, ms81920, infinity, spare2, spare1}


Similar as that for RLC t-Reordering timer, the PDCP discardTimer for eMTC should also be enlarged by 2 times, e.g. the extended PDCP discardTimer for eMTC can be ENUMERATED (ms3000, ms6000).

Considering that the PDCP discardTimer for NB-IoT is already large enough, it is not necessary to be extended any more.

Proposal 4: The PDCP discardTimer for eMTC is extended with ENUMERATED (ms3000, ms6000), and the PDCP discardTimer for NB-IoT is not extended.

2.5. UL synchronization

In LEO, UE can use its GNSS-acquired location and satellite-assisted information of ephemeris broadcasted in NTN SIB to predict the TA and Doppler shift. UE can further apply satellite delay and Doppler shift in pre-compensation over the service link and feeder link for UL transmission. In sake of the prediction error, UE needs to read the satellite-assisted information and perform pre-compensate every a while. Hence, a validity timer for UL synchronization is introduced and it can indicate the length of time period during which the UL synchronization is valid. The related agreements in RAN1 are as below:

	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:
A validity timer for UL synchronization (e.g., for satellite ephemeris and potentially other aspects) configured by the network is recommended.

· Details e.g. when to set/reset the timer, timer duration and UE behaviour upon timer expiry can be discussed in the normative phase

Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.

· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.

· Other signaling details for validity timer are up to RAN2

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.


Now, the main issue is, as it’s possible that UL synchronization validity timer expires during connected mode, UE needs to recover UL synchronization after expiration of UL synchronization validity timer. As mentioned in above agreement, the UE UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters from the SIB (if indicated) that is a different requirement from that for a legacy UE out of sync in connected mode. 
According to the current 36.331 description, “In RRC_CONNECTED, BL UEs or UEs in CE or NB-IoT UEs are not required to acquire system information except when T311 is running, or upon handover where the UE is only required to acquire the MasterInformationBlock in the target PCell, or for UEs in CE to receive ETWS/CMAS information.”, it’s clear IoT UE cannot acquire SIB directly after losing UL synchronization. From RAN2 perspective, there are three mechanisms to facilitate a UE in connected mode to acquire SIB as below:
· Option 1: reusing RRC release procedure: The gNB can release UE. The UE can acquire SIB in IDLE mode and then resume the connection. 
· Option 2: reusing RRC reestablishment procedure: UE could declare RLF after the validity timer expires, require SIB, and then resume the connection via RRC reestablishment procedure. 
· Option 3: reusing recovery procedure from UL non-synchronization: UE could declare UL non-synchronization after the validity timer expires, require SIB, and then resume the connection via RACH.
For Option 1, the gNB is expected to release UE to idle state for acquiring SIB. But, the main issue is how gNB realizes that the validity timer of UE is about to expire. During RAN1 discussion, it’s proposed that UE can report a special RAI to the network. Such RAI can be reported just when the validity timer is about to expire. However, per our understanding, it's very doubtful whether the UE can find a suitable enough timing to send such RAI. Considering the mobility of UE and the prediction error, the expiration of validity timer may not be able to reflect the actual time when UL synchronization is lost. Then UE may be already out of sync before sending RAI. This will cause that the gNB cannot receive the RAI and therefore cannot trigger a RRC connection release at all. In short, UE reporting to indicate the validity timer for UL synchronization is about to expire is unreliable. Moreover, the RRC connection release and then setup procedure may lead to the release and setup of S1/NG connection, and bring with large service interruption.
Observation 1: Due to the unreliable reporting from UE, network may not be able to trigger a RRC release procedure as expectation.
Based on Observation 1, we think it’s no need to introduce a UE signaling to indicate the validity timer for UL synchronization is about to expire.

Proposal 5: UE signaling to indicate the validity timer for UL synchronization is about to expire is not introduced.
For Option 2, it has less impact on specification except introducing a new trigger for RRC reestablishment. However, once an RRC reestablishment procedure is triggered, UE still needs to suspend all RB, reset MAC and so on. Before an RRC reconfiguration message is received and RB is re-established, the transmission is suspended. Moreover, for NB-IoT UEs using CP solution, even S1/NG setup can be avoided, the procedure to request the MME to authenticate the UE's re-establishment request is unavoidable. Hence, Option 2 also brings with large service interruption for UE.
At last, such “fake” triggering of RLF may have negative impacts on the network performance statistics.
Observation 2: To trigger RRC reestablishment procedure also brings with large interruption.
As the UL out of synchronization caused by the expiration of validity timer is very similar as the legacy UL out of synchronization caused by the expiration of TA timer, e.g., both can lead to the infeasible UL transmission, we think Option 3 may be a bit more straightforward. The only new requirement is that, after out of sync, UE needs to firstly perform UL synchronization recovery procedure in NTN, e.g., to acquire the satellite information and common TA parameters from the SIB, perform pre-compensation etc., before it triggers a RACH to network. By this way, the transmission can be recovered as soon as possible. Compared with Option 2, it also needs less interaction between UE and gNB and causes less service interruption.
Proposal 6: For IoT NTN, after validity timer expires, the UE re-acquires the SIB and triggers RACH procedure to recover from UL out of synchronization. 

3. Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: Due to the unreliable reporting from UE, network may not be able to trigger a RRC release procedure as expectation.
Observation 2: To trigger RRC reestablishment procedure also brings with large interruption.
Proposal 1: To extend the HARQ RTT timer and UL HARQ RTT timer value by UE-gNB RTT (i.e. sum on UE's TA and K_mac) for IoT NTN.

Proposal 2a: MAC CE can be also used for UE specific TA reporting in connected mode.

Proposal 2b: An indication in SIB1 or SIB2 is used to control the UE specific TA reporting in RA procedure and in connected mode.  

Proposal 2c: If UE specific TA MAC CE is included in Msg3, it can be always placed in the fixed position in Msg3. With this way, no additional subheader for UE specific TA MAC CE in RA procedure is needed.
Proposal 2d: Once the indication of UE specific TA reporting is included in SIB, the UE in the cell should always report the UE specific TA information in the RA procedure.

Proposal 2e: The subheader for UE specific TA MAC CE is used in connected mode. 
Proposal 2f: The discussion on details about event-triggers for reporting on the information about UE specific TA in connected mode can be postponed till further NR NTN and RAN1 conclusion are made.

Proposal 3: The RLC t-Reordering timer value is extended with ENUMERATED (ms3200, ms6400) for IoT NTN.
Proposal 4: The PDCP discardTimer for eMTC is extended with ENUMERATED (ms3000, ms6000), and the PDCP discardTimer for NB-IoT is not extended.

Proposal 5: UE signaling to indicate the validity timer for UL synchronization is about to expire is not introduced.
Proposal 6: For IoT NTN, after validity timer expires, the UE re-acquires the SIB and triggers RACH procedure to recover from UL out of synchronization. 
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