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[bookmark: _Ref54129494]Introduction
At RAN#92e, a work item was approved for IoT NTN [1]. In this work item description, RAN1 is charged with specifying the following IoT NTN specific timing relationship enhancements according to Section 8 in TR 36.763 [2]:
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
· UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
· Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA. 

At RAN1#106e, agreements were reached in respect of the following NB-IoT and eMTC timing relationships. 
	For NB-IoT:
	For eMTC:

	-	NPDCCH to NPUSCH format 1 
-	RAR grant to NPUSCH format 1
-	NPDSCH to HARQ-ACK on NPUSCH format 2
-	Timing advance command activation
	-	MPDCCH to PUSCH 
-	RAR grant to PUSCH 
-	MPDCCH to scheduled uplink SPS 
-	PDSCH to HARQ-ACK on PUCCH 
-	CSI reference resource timing 
-	MPDCCH to aperiodic SRS 
-	Timing advance command activation



In this contribution, we will review other timing relationships that were discussed at RAN1#106e but not concluded upon:
· MPDCCH order to PRACH
· RACH preamble retransmission
· PUSCH transmission for PUR

Further, in RAN1#106e, there was a lot of discussion on configuration of the UE-specific TA culminating in the flowing feature lead recommendation:
FL Recommendation:
Companies are encouraged to study and bring contributions to future RAN1 meetings on this aspects of both UE-specific TA reporting and UE location reporting:
· Frequency of reports
· Granularity of each report e.g. full, partial or differential
· Latency and complexity of UE specific TA calculation at eNB vrs UE 
· Validity of UE-specific TA calculation in long UL transmission
· FSS: other issues needing common understanding

We also make our views on this issue known in this submission.
[bookmark: _Hlk63428477]Outstanding Timing Relationships
PDCCH ordered PRACH
For NB-IoT for example, section 16.3.2 of TS36.213 describes this timing relationship as follows:When a UE receives an NPDCCH ending in DL subframe n and carrying a PDCCH command for a NPRACH, the UE should start NPRACH transmission at any UL subframe after DL subframe n+8 in which a NPRACH resource is available.

According to this, if NPRACH resource is available at the time of DL subframe n+9, the UE can start NPRACH transmission. However, in IoT NTN, NPRACH transmissions have to be time advanced by the current TA. This is illustrated in Figure 1.


Figure 1: NPDCCH ordered NPRACH transmission
In Figure 1, the eNB transmits an NPDCCH with an NPRACH order that is received at the UE after 6 subframes in UE DL subframe n. The RTT = TA is therefore 12 subframes in duration. According to section 16.3.2 of TS36.213, if the UE finds a PRACH occasion from any subframe after n+8 such as subframe n+9, it can transmit an NPRACH. In Figure 1, the UE does find a PRACH occasion starting from subframe n+9. The preamble is shown as 3 subframes long so as to fit within the figure. Since in IoT NTN, PRACH transmissions have to be time advanced, applying the TA = 12 subframes means that the NPRACH has to be transmitted starting 3 subframes before the NPDCCH was received. As this is not possible, we think the timing relationships of NPDCCH ordered NPRACH for NB-IoT and MPDCCH ordered PRACH for eMTC should be enhanced.
In RAN1#106e the following agreement was made for NR NTN with respect to this timing relationship. One more reason to enhance it for IoT NTN too.
Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

Proposal 1: For NB-IoT, when a UE receives an NPDCCH ending in DL subframe n and carrying a PDCCH order for an NPRACH, the UE should start NPRACH transmission at any UL subframe after DL subframe n+8+ Koffset in which an NPRACH resource is available.

Proposal 2: For eMTC and a PDCCH order whose last subframe is received in subframe n, the UE will transmit PRACH in the next available subframe after subframe n + 6 + Koffset (“k2 ≥ 6”) where PRACH resource is available.

RACH Preamble Retransmission
In TS 36.213, (section 6.1.1 for eMTC and section 16.3.2 for NB-IoT) there are stipulations that govern the latest time that a UE should be ready to retransmit PRACH if it fails to receive RAR in response to a recent PRACH transmission in the subframe where it expected to receive the RAR. There are two cases that may be analysed differently.
PRACH Detection Failure
This is the case in which the eNB failed to detect the PRACH for whatever reason and so did not schedule on the PDCCH a PDSCH to carry the RAR. The eNB can also decide to not transmit RAR even if it had detected PRACH. The UE can detect this case when, having recently transmitted a PRACH, it fails to decode on the PDCCH during the duration of the RAR window scheduling for RAR scrambled by the RA-RNTI corresponding to the PRACH preamble the UE recently transmitted. In this case, the Rel16 specification says that the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe  n+m where n is the last subframe of the RAR window and m is any of the values in Table 1.
Table 1 : Rel16 Transmission delay values for preamble retransmission
	System
	m

	eMTC
	4 (CE level = 0,1)
5 (CE level = 2,3)

	NB-IoT
	12



RAR Decoding Failure
This is the case in which the eNB has actually detected the PRACH preamble, scheduled a RAR on a PDCCH during the RAR window and transmitted a PDSCH carrying the RAR but the UE, having correctly decoded the PDCCH, is then unable to decode the PDSCH carrying the RAR or having decoded it finds that there is no RAR corresponding to the preamble the UE transmitted. In this case, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+m where n is the last subframe of the PDSCH and m is any of the values in Table 1.
Since the preamble must be time advanced when it is retransmitted, if the current TA is larger than the value of m in Table 1, then preamble retransmission would need to happen before the RAR decoding happens. This suggests that the preamble retransmission timing relationship should also be enhanced.

Observation 1: For IoT NTN, timing relationship enhancement of preamble retransmission is needed.
Proposal 3: For IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by Koffset as compared to current specification.

PUSCH transmission in PUR
At RAN2#115e, the following was agreed respect to PUR:
· From RAN2’s perspective, delayed start of pur-ResponseWindowTimer with UE-eNB RTT can be supported. This can be revised if RAN1 finds issues to support PUR that are not small. 
· pur-ResponseWindowSize is not extended for IoT NTN.

At RAN1#106e, enhancement of this timing relationship was discussed with many companies expressing the view that PUR does not entail “minimum essential functionality” for Rel17. Other companies argued that there is a need to delay the start of the pur-ResponseWindowTimer in order to enable the minimum functionality of PUR. Whether PUR is supported or not for Rel17 depends on further assessments regarding the complication of supporting it. But the enhancement of the PUR timing relationship itself is not so complicated.
Proposal 4: For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH UE-specific search space shall be delayed by the UE-eNB RTT as compared to current specification. 
Proposal 5: For eMTC, if the UE has initiated a PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the MPDCCH UE-specific search space shall be delayed by the UE-eNB RTT as compared to current specification. 

Configuration of UE-Specific TA
The issue of configuration of the UE-specific TA was widely discussed at RAN1#106e. Some companies argued that the UE-specific TA can be derived by the network from knowledge of the UE location. Accordingly, they argued that the UE-location should be transmitted to the eNodeB for this purpose. Signaling the UE location has the following advantages:
· The location report can be coarse thereby reducing the number of bits needed for signaling
· Frequency of signaling can be reduced since the UE speed is relatively low compared to the orbital speed of the satellite and especially for stationary UEs.
· UE position is needed for other purposes such as paging, control of service provision if the UE is in a territory in which NTN is not licensed – since the satellite footprint can cross geographical boundaries etc

Companies supporting signaling of the UE-specific TA value itself argued that:
· There are security implications to transmitting the location of the UE 
· The number of bits needed for signalling can be reduced by signalling delta of the TA from the previous TA instead of the full TA.

The following options were deemed to represent quantities that can be considered for signalling to set and update the UE-specific TA:
· UE-specific NTA, UE-specific 
· UE-specific full TA applicable to UL transmission
· UE location 
· Difference between UE-specific K_offset and cell-specific K_offset 
· Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE 
· Differential indication of UE-specific NTA, UE-specific 
· Reporting of a stationarity indication + any of the other options

As companies could not agree on any of the options, there was the following feature lead recommendation.
FL Recommendation:
Companies are encouraged to study and bring contributions to future RAN1 meetings on these aspects of both UE-specific TA reporting and UE location reporting:
· Frequency of reports
· Granularity of each report e.g. full, partial or differential
· Latency and complexity of UE specific TA calculation at eNB vrs UE 
· Validity of UE-specific TA calculation in long UL transmission
· FSS: other issues needing common understanding

Our view on these issues are as follows:
· Frequency of reports. The UE speed is much less than the orbital velocity of the satellite. The frequency of UE location reports is a function of UE speed. The frequency of timing advance reports is a function of both UE and satellite speed. Hence, UE location reporting leads to fewer reports and hence less signalling overhead and lower UE power consumption.
· Granularity of report. UE location report signalling can be reduced through coarse signalling of UE location. Coarse signalling of UE location also helps to alleviate some of the security concerns. Differential signalling of timing advance values reduces the number of bits required compared to full TA signalling. However, the number of bits required for signalling differential TA or full TA is likely to be dwarfed by the overhead of message headers, CRCs etc: saving a few bits of IE signalling but requiring more messages (with associated headers) will not reduce the number of bits required overall.
· Latency of TA calculation. When the eNB knows the UE location, it can directly calculate the timing advance applied at the UE based on UE location and satellite location. If the UE sends its currently applied UE-specific TA, this value will be out of date by the propagation time from the UE to the eNB.
· Complexity of TA calculation. The UE needs to know its UE location and UE-specific TA in any case. There is no additional computational complexity in sending either a UE location report or UE-specific TA report.
· Validity of UE-specific TA calculation in long UL transmission. If the UE sends a UE-specific TA report, the specifications would need to define whether the UE-specific TA report related to the start of the long UL transmission or the end of the long UL transmission. Since the timing advance may have changed significantly during a [2-4 second] UL transmission, the eNB needs to know whether the timing advance applies to the start of the UL transmission or the end of the UL transmission. We note that the UE will have been changing its timing advance during the ongoing UL transmission and that there is little point in the eNB knowing a historic timing advance value, hence we prefer that the signalled UE specific timing advance is valid at the end of the long UL transmission.

Proposal 6: For IoT NTN, the UE should report its UE location rather than the UE-specific TA itself.
Proposal 7: A timing advance command is associated with a reference time. The reference time indicates the time at which the timing advance is valid. The reference time of the timing advance command can be implicit or explicit and signaled to the UE either in MAC CE or PDCCH.
Conclusions
This document has considered outstanding timing relationships for IoT-NTN and makes the following observations and proposals:
Observation 1: For IoT NTN, timing relationship enhancement of preamble retransmission is needed.
Proposal 1: For NB-IoT, when a UE receives an NPDCCH ending in DL subframe n and carrying a PDCCH command for a PRACH, the UE should start NPRACH transmission at any UL subframe after DL subframe n+8+ Koffset in which a NPRACH resource is available.
Proposal 2: For eMTC and a PDCCH order whose last subframe is received in subframe n, the UE will transmit PRACH in the next available subframe after subframe n + 6 + Koffset (“k2 ≥ 6”) where PRACH resource is available.
Proposal 3: For IoT NTN, timing enhancement of preamble retransmission is needed:
For IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by Koffset as compared to current specification.

Proposal 4: For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH UE-specific search space shall be delayed by the UE-eNB RTT as compared to current specification. 
Proposal 5: For eMTC, if the UE has initiated a PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the MPDCCH UE-specific search space shall be delayed by the UE-eNB RTT as compared to current specification. 
Proposal 6: For IoT NTN, the UE should report the UE location rather than the UE-specific TA itself.
Proposal 7: A timing advance command is associated with a reference time. The reference time indicates the time at which the timing advance is valid. The reference time of the timing advance command can be implicit or explicit and signaled to the UE either in MAC CE or PDCCH.
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