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1 HARQ feedback disabling
In email thread [Post-115-36.213-IoT_NTN_enh-Core] it was discussed how to capture the following RAN1 agreement:
Agreement
When multiple TBs are scheduled by a single DCI:
· For Option 1 + Option 3 DCI based overridden mechanism, when DCI indicates HARQ feedback enabled, then the NB-IoT UE always wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH.

The controversy was whether the wording “multiple TBs are scheduled by a single DCI” refers to the case where two TBs are scheduled, or to the case where multi-TB is configured.
In our view, it should be the former (two TBs are scheduled). The wording in the agreement was modified during the online session of RAN1#115 as follows:
· The original text for the proposal was as shown below (in feature lead summary R1-2312389):
Proposal 1-1c
For multiple TBs scheduled by single DCI
· For Option 1 + Option 3 DCI based overridden mechanism, when DCI indicates HARQ feedback enabled, then the NBIoT UE always wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH.


· Originally, we had interpreted “For multiple TBs scheduled by single DCI“ as “when multiple TB is configured“. In this case, it was commented that it would be simpler to just not support “override”, since the behavior of override and direct indication would be the same.

· During the discussion it was clarified that the proposal would only apply when 2 TBs are scheduled. Therefore, for the case when single TB is scheduled, the same behavior as single TB DCI is followed. Then the text was changed to when multiple TB are scheduled.
Therefore, we propose to agree to the text provided by the Editor during the email discussion, as the following TP:
============================== <TP1.1 36.213> ==================================
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
[bookmark: _Hlk144410128]-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3, or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3 except if the UE is configured with higher layer parameter uplinkHARQ-mode set to ‘HARQModeB’ for the same HARQ process ID, or if the NPUSCH transmission carries ACK/NACK response, as determined in clause 16.4.2, for the same HARQ process ID associated with a transport block scheduled in a NPDCCH indicating  a single transport block in scheduled, and the UE is configured with higher layer parameter downlinkHARQ-FeedbackDisabled-Bitmap-NB indicating disabled HARQ-ACK information for the same HARQ process ID and configured with higher layer parameter downlinkHARQ-FeedbackDisabled-DCI-NB;
============================== </TP1.1> ==================================
Proposal 1: Endorse TP1.1.

2 GNSS enhancements 
2.1 Modifications to TA for PRACH transmission

Currently, a UE uses the following formula to determine the timing advance:

where  denotes the TA component based on accumulating “TA commands” received from the eNB.
Any time a UE transmits a NPRACH, it uses a value of  (i.e., it flushes any accumulated TA commands that it may have received). As an example, an NPRACH triggered by a “PDCCH order” in connected mode uses .
Observation 1:  According to current specifications, any time a UE transmits a NPRACH, it uses a value of .
In NTN,  denotes the TA component specific to satellite communications and is determined by the UE based on the UE’s own location and the NTN serving satellite’s ephemeris.
The accuracy of  depends on the accuracy of the location information. For example, if a considerable amount of time has passed since the last GNSS position fix, the accuracy of this term can impacted.
Observation 2: If a considerable amount of time has passed since the last GNSS position fix the accuracy of  becomes progressively worse over time.
One solution to this problem is for the eNB to issue TA commands so that  compensates the error introduced in . This approach, however, has the drawback of not being usable for NPRACH, since NPRACH uses an  Therefore, if the error introduced by  is larger than the maximum correction capability of NPRACH, the UE would fail random access in connected mode (in case of, e.g., PDCCH order or SR). NPRACH will be unusable in connected mode if no enhancements are introduced.
Observation 3: Although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability.
To mitigate this issue, we propose for the UE to also use the closed loop accumulated TA for NPRACH when the UE is configured with GNSS validity extension.
A TP incorporating this change into TS 36.213 is found below for eMTC and NB-IoT:
============================== <TP2.1 36.211> ==================================
[bookmark: _Toc454817995]5.7.1	Time and frequency structure
<Unchanged parts are omitted>



The start of the random access preamble formats 0-3 shall be aligned with the start of the corresponding uplink subframe at the UE assuming  except if GNSSExtensionByClosedLoop is configured, in which case the accumulated  is used. and tThe random access preamble format 4 shall start  before the end of the UpPTS at the UE, where the UpPTS is referenced to the UE's uplink frame timing assuming.
<Unchanged parts are omitted>
================================= </TP2.1> ======================================
============================== <TP2.2 36.213> ==================================
[bookmark: _Toc415085423]4.2.3	Transmission timing adjustments
Upon reception of a timing advance command or a timing adjustment indication for a TAG containing the primary cell or PSCell, the UE shall adjust uplink transmission timing for PUCCH/PUSCH/SRS, and PRACH if higher layer parameter GNSSExtensionByClosedLoop, of the primary cell or PSCell based on the received timing advance command or a timing adjustment indication.
<Unchanged parts are omitted>

In case of random access response, and if higher layer parameter GNSSExtensionByClosedLoop is not configured, an 11-bit timing advance command [8], TA, for a TAG indicates NTA values by index values of TA = 0, 1, 2, ..., 256 if the UE is configured with a SCG, and TA = 0, 1, 2, ..., 1282 otherwise, where an amount of the time alignment for the TAG is given by NTA = TA 16. NTA is defined in [3].
In case of random access response, and if higher layer parameter GNSSExtensionByClosedLoop is configured, an 11-bit timing advance command [8], TA, indicates adjustment of the current NTA value, NTA_old , to the new NTA value, NTA,new by index values of TA = 0, 1, 2, ..., 1536, where an amount of the time alignment is given by NTA,new = NTA,old +TA 16. 
In other cases, a 6-bit timing advance command [8] or the Timing advance adjustment field in DCI format 6-0A/B if present [4], TA, for a TAG indicates adjustment of the current NTA value, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA 31)16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing for the TAG by a given amount respectively.

<Unchanged parts are omitted>

16.1.2	Timing synchronization
Upon reception of a timing advance command, the UE shall adjust uplink transmission timing for NPUSCH, and SR if configured with higher layer parameter sr-WithoutHARQ-ACK-Config, and NPRACH if configured with higher layer parameter GNSSExtensionByClosedLoop, based on the received timing advance command.

The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16. The start timing of the random access preamble is specified in [3].
In case of random access response, and if higher layer parameter GNSSExtensionByClosedLoop is not configured, an 11-bit timing advance command [8], TA, indicates NTA values by index values of TA = 0, 1, 2, ..., 1536, where an amount of the time alignment is given by NTA = TA 16. NTA is defined in [3].
In case of random access response, and if higher layer parameter GNSSExtensionByClosedLoop is configured, an 11-bit timing advance command [8], TA, indicates adjustment of the current NTA value, NTA_old , to the new NTA value, NTA,new by index values of TA = 0, 1, 2, ..., 1536, where an amount of the time alignment is given by NTA,new = NTA,old +TA 16. 
In other cases, a 6-bit timing advance command [8] or the Timing advance adjustment field in DCI format N0 if present [4], TA, indicates adjustment of the current NTA value, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA 31)16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
================================= </TP2.2> ======================================

Proposal 2: If the UE is configured with GNSS validity extension (duration X), the UE applies the accumulated  for (N)PRACH transmission.
· Endorse TP2.1 (36.211) and TP2.2 (36.213)


2.2 Handling of  after successful GNSS reacquisition

One remaining issue of GNSS operations is how to handle the  after a successful GNSS reacquisition. In our view, the UE should not keep the previous  for the following reasons:
· Before the GNSS reacquisition, the UE may have drifted away from the ideal precompensation, and the eNB may have corrected for that drift by issuing closed loop commands.
· Once GNSS is reacquired, the precompensation would be virtually perfect again, so applying  would lead to additional timing error.
Therefore, there should be a mechanism to avoid this situation. One simple approach is to reset  after a successful GNSS reacquisition (as discussed in NR NTN for RACH-less handover, the open loop precompensation makes the TA estimation from (N)PRACH unnecessary). Another approach could be to force the UE to go through a random access procedure (e.g. by considering the TA timer to have expired) to acquire a new  value. 
Proposal 3: After the UE successfully reacquires GNSS, RAN1 to downselect between the following two options:
· The UE sets 
· The UE considers its TA timer to have expired (and shall perform RACH procedure)

3 Conclusion
In this contribution we discussed remaining issues for HARQ disabling and GNSS operations for IOT NTN. We made the following observations and proposals:
Proposal 1: Endorse TP1.1.

Observation 1:  According to current specifications, any time a UE transmits a NPRACH, it uses a value of .

Observation 2: If a considerable amount of time has passed since the last GNSS position fix the accuracy of  becomes progressively worse over time.

Observation 3: Although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability.

Proposal 2: If the UE is configured with GNSS validity extension (duration X), the UE applies the accumulated  for (N)PRACH transmission.
· Endorse TP2.1 (36.211) and TP2.2 (36.213)

Proposal 3: After the UE successfully reacquires GNSS, RAN1 to downselect between the following two options:
· The UE sets 
· The UE considers its TA timer to have expired (and shall perform RACH procedure)
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