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[bookmark: _Toc85568919]Introduction
This document is the feature lead (FL) summary of contributions for the “IoT-NTN Timing relationship enhancements” agenda item. 
[106bis-e-IoT-NTN-02] Email discussion/approval on timing relationship enhancements with checkpoints for agreements on October 14 and 19 – Sam (Sony)
[bookmark: _Toc85568920]Overview of Main Issues from company contributions
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 relationships 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
· Signaling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signaling load and determination of the UE-specific TA. 
At RAN1#106e, many of the NB-IoT and eMTC timing relationships were agreed for enhancement. A few timing relationships were discussed but agreement was not reached on the need for enhancement nor how to enhance. Signaling aspects of UE-specific TA were also discussed but agreement was not reached.

Analysis of companies’ contributions to this AI at RAN1#106bis-e shows that a substantial majority concentrated on outstanding timing relationships for both NB-IoT and eMTC and this issue of UE-specific TA. A few other issues were also raised in contributions and these are also summarised in this FL document. 

For this third round of email discussions, companies were invited to make their views known in the following sections:
· 3.4.4
· 5.1.3


[bookmark: _Toc85568921]Outstanding Timing Relationships for IoT NTN
FL considers company contributions in both NB-IoT and eMTC together on each timing relationship.

[bookmark: _Ref84837182][bookmark: _Toc85568922]NPDCCH order to NPRACH
In Section 6.6.3 of TR 36.763, this relationship is listed as FFS. At RAN1#106e, this timing relationship was also discussed but without agreement. Companies have continued to study this.

[bookmark: _Toc85568923] Companies’ Observations and Proposals
	Sony
	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.

	Samsung
	Proposal 1: For NB-IoT in NTN, introduce an additional delay of k_offset subframes before transmission of a random access preamble when the random access procedure is initiated by a PDCCH order.

	Nokia, Nokia Shanghai Bell
	Proposal 1: K_offset should be introduced for N/MPDCCH ordered (N)PRACH, where (N)PRACH is transmitted with a delay of Koffset as compared to transmission as per current specification.

	CMCC
	Proposal 1: For NB-IoT/eMTC, introducing K_offset to enhance the timing of PDCCH order to PRACH.

	ZTE
	Proposal-2: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of PDCCH order to PRACH.

	Xiaomi
	Proposal 1: For random access procedure initiated by a NPDCCH order received in downlink slot  , UE determines the next available NPRACH occasion after uplink slot    to transmit the ordered NPRACH.

	Spreadtrum Communications
	Proposal 5: For random access procedure initiated by a N/MPDCCH order received in downlink slot n, UE determines the next available PRACH occasion after uplink slot n+K_offset to transmit the ordered PRACH.

	vivo
	Proposal 3: Support to introduce K_offset to enhance the timing relationship of M/NPDCCH order to PRACH.
· [bookmark: _Hlk82869060]UE-specific K_offset is used if it’s configured, otherwise, cell-specific K_offset is used.

	FGI, Asia Pacific Telecom, III, ITRI
	[bookmark: _Toc82802849]Proposal 3: For an NPDCCH order to NPRACH, introduce K_offset to start transmission of the random-access preamble at the end of the first DL subframe 
n + k2 + K_offset. FFS: Which value of K_offset should be applied.

	Apple
	Proposal 1: In NB-IoT over NTN, enhance the timing relationship of NPDCCH ordered NPRACH transmission based on cell specific .

Proposal 2: In eMTC over NTN, enhance the timing relationship of MPDCCH ordered PRACH transmission based on a cell specific .



[bookmark: _Toc85568924]FIRST ROUND Discussion on NPDCCH order to NPRACH
10 companies make proposals on timing relationship enhancement for N/MPDCCH ordered PRACH and all support enhancement of this timing relationship. 

Furthermore, at RAN1#106e, this issue was discussed for NR NTN and the following agreement was reached:
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.

In previous RAN1 meetings, this timing relationship has been discussed in detail for both NR-NTN and IoT-NTN. Since enhancement of this timing relationship has been agreed for NR NTN, FL thinks it should also be enhanced for IoT NTN. However, the NR NTN agreement cannot be directly adopted for IoT NTN.

The current specification for NB-IoT (section 16.3.2 of TS36.213) describes this timing relationship as follows:


In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe [image: ], , where a NPRACH resource is available. 

The current specification for eMTC (section 6.1.1 of TS36.213) describes this timing relationship as follows:

In case a random access procedure is initiated by a "PDCCH order" in subframe n for non-BL/CE UEs, or "PDCCH order" reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe [image: ], [image: ], where a PRACH resource is available. 

FL makes the following proposal with respect to both NB-IoT and eMTC and invites companies to indicate their support and comment accordingly.

FL Proposal 3.1.2-1: 
In IoT NTN, for a random access procedure initiated by a N/MPDCCH order, the UE shall delay the transmission of the random access preamble by Koffset as compared to the current specification.

	Company
	Support/Not Support
	Comments

	SONY
	Support
	

	Ericsson
	Support
	

	ZTE
	Support
	

	CATT
	Support
	

	Mavenir
	Support
	

	MediaTek
	Support
	

	Nokia, NSB
	Support
	

	Lenovo, MotoM
	Support
	

	Huawei, HiSilicon
	Support
	

	Xiaomi
	Support
	

	CMCC
	Support
	

	vivo
	Support
	

	GateHouse
	Support, with comment
	Equals the comment in section 3.2.2-1.

	Novamint
	Support 
	



At the GTW session on Oct 12, 2021, this proposal was agreed.
Agreement:
In IoT NTN, for a random access procedure initiated by a N/MPDCCH order, the UE shall delay the transmission of the random access preamble by Koffset as compared to the current specification.
[bookmark: _Ref84837199][bookmark: _Ref84837202][bookmark: _Toc85568925]PRACH Preamble Retransmission
According to TS 36.213 section 6.1.1, for eMTC, if the UE fails to receive RAR to a recent PRACH transmission in the subframe n where it expected to receive the RAR, the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than in subframe n+4 or n+5 based on different situations. 
According to TS 36.213 section 16.3.2, for NB-IoT, if a UE fails to receive RAR to a recent PRACH transmission in the subframe n where it expected to receive the RAR, the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than the NB-IoT UL subframe starting 12 milliseconds after the end of subframe n. 
As the TA in IoT NTN is likely the duration of multiple subframes, companies have studied this timing relationship.
[bookmark: _Toc85568926] Companies’ Observations and Proposals
	Huawei, HiSilicon
	Observation 1: According to the current specification, a UE can select a proper occasion for PRACH retransmission by taking into account effect of timing advanced applied at the UE.
Proposal 1: For NB-IoT, there is no need to enhance the timing relationship of NPRACH preamble retransmission.

	Spreadtrum Communications
	Proposal 6: If the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by K_offset as compared to current specification.

	vivo
	Proposal 1: For eMTC in NTN, support to introduce K_offset to enhance the timing relationship of preamble retransmission.
Proposal 2: For NB-IoT in NTN, not support to enhance the timing relationship of preamble retransmission.

	Sony
	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.

	Samsung
	Proposal 2: For NB-IoT, on receiving a NPDSCH with no RAR message or not successfully decoded that ends in subframe n or not receiving a NPDCCH scheduling a RAR in subframe n, where subframe n is the last subframe of the RAR window, a new PRACH preamble is transmitted with a delay of k_offset as compared to transmission as per current specification.

	CATT
	Proposal 1: For NB-IoT in NTN, timing enhancement of preamble retransmission is needed.

Proposal 2: For eMTC in NTN, timing enhancement of preamble retransmission is needed.

	OPPO
	Proposal 5: It should reach an agreement on the understanding of “subframe n” before discussing the preamble retransmission. 

	CMCC
	Observation 1: If DL subframe n is used for timing of PRACH preamble retransmission, there is no need for enhancement on timing relationship enhancement.
Proposal 2: If DL subframe n is used for timing of PRACH preamble retransmission, FFS whether specification modification for clarification is needed, e.g.,
Proposal 3: If UL subframe n is used for timing of PRACH preamble retransmission, support timing enhancement based on K_offset.

	Xiaomi
	Proposal 2: For IoT NTN, the preamble retransmission should be performed on a slot that is delayed by an offset as compared to current specification

	ZTE
	Proposal-3: For NB-IoT/eMTC over NTN, introduce K_offset to enhance the timing of preamble retransmission.


[bookmark: _Toc85568927]FIRST ROUND Discussion on PRACH Preamble Retransmission 
10 companies make observations and proposals on this issue. Of these, 6 companies propose that this timing relationship should be enhanced by adding Koffset. 
Huawei, HiSilicon propose that enhancement is not needed in NB-IoT and explains that ‘the timing relationship of NPRACH transmission defined in current specification can be fulfilled by UE implementation by taking the effect of TA into consideration, and there is no need to introduce enhancement for NPRACH retransmission’. It seems to the FL  that the latest time at which the preamble can be retransmitted cannot be left to implementation. 
vivo proposes that for NB-IoT, this relationship does not need enhancing because:
“it’s clear that the UE should retransmit PRACH in a NB-IoT uplink subframe between t0 to t0+12ms where t0 is the time of the end of subframe n. Based on the discussion in last meeting, UE-specific TA reporting is supported in IoT-NTN, eNB could be also aware of the timing relationship among these subframes where the UE may retransmit PRACH.”
The current specification says for example (TS 36.213 section 16.3.2) that:
 ‘ the UE shall be, ready to transmit a new preamble sequence no later than the NB-IoT UL subframe starting 12 milliseconds after the end of subframe n.’
In IoT NTN, PRACH retransmission is timing advanced. If the current TA is greater than 12ms, then we would be expecting the UE to retransmit the preamble before the end of subframe n – that is, before determining that there is need for a PRACH retransmission. Both Huawei/HiSilicon and vivo talk about the UE and eNB knowing the TA but this only has a bearing on this issue of non-causality if the argument is that preamble retransmission should not be timing advanced. This would be going against the previous agreement.
OPPO asks that the group first reaches an understanding on whether subframe n is on the DL or UL. The specification talks about ‘in the subframe n where it [the UE] expected to receive the RAR’. The subframe where the UE expects to receive the RAR is of course a DL subframe. In any case, the issue is with respect to the end time t0 of the subframe – the preamble must be retransmitted by time t0+12ms (NB-IoT) and t0+4 or 5 subframe durations (eMTC).
It therefore seems that the limit of 12ms (NB-IoT) or 4/5 subframes (eMTC) for suitable ROs for PRACH retransmission has to be extended to allow the UE to use (and the eNB to search for) the right preamble format in ROs that lie beyond the 12ms (NB-IoT) or 4/5 subframes (eMTC) when the TA exceeds 12ms (NB-IoT) or 4/5 subframes (eMTC).
With this analysis, FL makes the following proposal and politely requests companies to indicate their support and comment accordingly.
FL Proposal 3.2.2-1
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 specifications.

	Company
	Support/Not Support
	Comments

	SONY
	Support
	This timing relationship is defined for TN. We have to take into account that that PRACH is timing advanced for NTN. Hence, delaying the preamble retransmission slot by Koffset (to allow for the timing advance) is necessary.
For eMTC, the proposal should refer to subframes rather than slots. Hence, the proposal could be updated as:

For IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot / subframe shall be delayed by Koffset as compared to current specifications.


	Ericsson
	Not Support
	The description in section 16.3.2 of TS 36.213 for the timing relationship of preamble retransmission in NB-IoT TN is “no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n” and thus can be reused for NB-IoT NTN. While the descriptions in section 6.1.1 of TS 36.213 for the timing relationship of preamble retransmission in eMTC TN are “no later than in subframe n+5” and “no later than in subframe n+4”, so the timing relationship of preamble retransmission in eMTC TN should be modified for eMTC NTN, for example the preamble retransmission should be delayed by Koffset as compared to current specifications. Therefore, we prefer to have separate proposals for NB-IoT and eMTC.
For NB-IoT, for example, in section 16.3.2 of TS 36.213, one description is that “If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.”, so the subframe n here means the last subframe of the random access response window in downlink as shown in the figure below. Therefore, the existing timing relationship in NB-IoT for the uplink preamble retransmission related to this subframe n can be reused for NB-IoT in NTN and no additional enhancement is needed. 



	ZTE
	Support
	There’s no big difference between the descriptions of “12 milliseconds after the end of subframe n” and “no later than in subframe n+5”, and the only one is the gap of 4 subframe, so a unified solution for both NB-IoT and eMTC is preferred firstly.
Then in order to align with previous agreements on many timing relationships, we think the “12 milliseconds after the end of subframe n” or “subframe n+5/ subframe n+4” can be identified as UL subframe for preamble retransmission, therefore introducing K_offset is needed.

	CATT
	Support
	We have made agreements for other timing relationships, like N/MPDCCH to PUSCH. According to previous discussions for other timing relationships, we have reached the consensus that the subframe where the UE expects to receive the N/MPDCCH or others is DL subframe n, and the subframe where the UE expects to transmit the PUSCH or others is UL subframe n. 
Hence, the received subframe n here for the preamble retransmission in NB-IoT and eMTC is DL subframe n. The transmitted subframe “12 milliseconds after the end of subframe n” or “subframe n+5/ subframe n+4” is UL subframe. Besides, to align NB-IoT and eMTC, K_offset should be introduced in the preamble retransmission for both NB-IoT and eMTC.

	Mavenir
	Support
	In our understanding, UE always applies TA to any specified UL transmission start time in the spec. So, we support consistency with other agreements on timing relationships regarding K_offset, and using K_offset for PRACH retransmission for both NB-IoT and eMTC.


	Samsung
	Support
	Similar to other timing relationships already agreed.

	Spreadtrum
	Support
	

	Nokia, NSB
	
	Technically, it is clear for NB-IoT as “be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.”. It means the retransmission is after the DL subframe n.
For eMTC, the specification can also be updated as “be ready to transmit a new preamble sequence no later than in subframe [image: ].” “after the end of subframe n”
In this case, UE can always take the TA into account and the spec is clear.

	Lenovo, MotoM
	Support
	In our understanding, both the subframe n in “12 milliseconds after the end of subframe n” in NBIoT and “subframe n+5” in eMTC are Uplink subframe n, so K_offset should be needed.

	Qualcomm
	Support for eMTC
	As was extensively discussed in the GTW session, this change is needed for eMTC, due to the way the spec is written. For NB-IoT, it seems that current language is OK.

	Huawei, HiSilicon
	Not support for NB-IoT
	We discussed this at the GTW, but we repeat our opinion for completeness. For terrestrial NB-IoT, NPRACH will not be timing advanced, 12ms delay provides sufficient time for UE to prepare a NPRACH retransmission. For NB-IoT over NTN, our understanding is that the 12ms delay is still the duration between the actual transmission timing of NPRACH and the DL timing of the end of subframe n. It is true that the NPRACH will be timing advanced in IoT-NTN but UE knows exactly how much NPRACH shall be timing advanced, it can still select a proper occasion for PRACH retransmission by taking into account effect of timing advanced applied at the UE. 

	Xiaomi
	
	For NB-IoT, as widely discussed during the GTW, the issue lays on how to interpreter the subframe n. If common understanding is it refers to a DL subframe, we are fine to accept that the Koffset is not needed for NB-IoT.

	Nordic Semiconductor
	
	We think that spec change is needed at least for eMTC. Clarification proposed by Nokia would be good for NB-IoT. And maybe similar wording could be used for eMTC.
e.g. the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than 4 ms or 5 ms after the DL subframe n, based on different situations


	CMCC
	Support for eMTC
	For NB-IoT, subframe n is a DL subframe, thus, delayed by Koffset seems not needed for NB-IoT.

	vivo
	Not Support
	For NB-IoT, as shown in the figure, the UE should retransmit PRACH in a NB-IoT uplink subframe between the time of “fails to receive RAR” to the time of “complete preamble retransmission”, e.g., UL subframe n+12.

 

	GateHouse
	Support with comment
	There seemed to be some miscommunication on the time being defined in the UL or DL in the last GTW meeting. Given a DL timer, I think we all agree on the sequence:
1. At ,  eNB transmits PDCCH order.
2. At , UE receives PDCCH order.
3. At , UE is ready to tx preamble.
4. At  UE TXs preamble in RAO.
5. At , eNB receives preamble in RAO.

The timing relationship for MSG1:  
The proposal is given in terms of  while the current specifications are given in terms of . Both are the same and fine either way. 
We agree with ZTE that a joint solution should be possible.

	Apple
	Support for eMTC
	Based on the current specification of eMTC, we think the DL-UL transit is needed and Koffset is used. 
For NB-IoT, the current specification seems to define absolute duration, which is probably fine. 



[bookmark: _Toc85568928]SECOND ROUND Discussion on PRACH Preamble Retransmission 
Of the 17 companies that provided views on the FL proposal, 8 support the proposal for both NB-IoT and eMTC, 6 support only for eMTC and 3 (vivo, Nokia and Nordic Semiconductor) do not support the proposal for either. The main argument for supporting the proposal is to align with all the other similar timing relationships for IoT NTN. The companies who do not support the proposal for NB-IoT argue that because the time limit of 12ms is an absolute time, the UE can always choose a RACH occasion such that when timing advanced, would be transmitted inside of the 12ms. Be that as it may, to make progress easier, FL has decided to separate out the proposal for eMTC which has more support and to make the timing relationship for NB-IoT FFS at this stage. In this second round, FL politely requests companies to indicate their support and comment accordingly on this proposal.
FL Proposal 3.2.3-1
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.
FFS: for NB-IoT in IoT NTN.
In the GTW session of Oct 14, 2021, this proposal was modified by dropping the FFS and agreed as:
Agreement:
For eMTC in IoT NTN, if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission subframe shall be delayed by Koffset as compared to current specifications.
[bookmark: _Ref80215195][bookmark: _Toc85568929]PUSCH using PUR
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]This issue was discussed at RAN1#106e but without agreement and so FL made a recommendation proposing a list of issues on this topic that companies may study and bring contributions on at this meeting:
FL Recommendation
The enhancement of the timing relationship between NPUSCH/PUSCH and NPDCCH/MPDCCH UE-specific search space by PUR-RNTI
· whether there needs to be an update to the timing relationship (given Xingqin’s explanation for why not – summerised in Appendix A here) 
· What other changes (e.g. the LEO issue, TA validation etc) are needed to support PUR in IoT NTN Rel16 and whether such changes ‘are not small’ as RAN2 puts it. 
[bookmark: _Toc85568930]FSS: other issues needing common understandingCompanies’ Observations and Proposals
	FGI, Asia Pacific Telecom, III, ITRI
	[bookmark: _Toc82802850]Proposal 4: For LEO scenarios, PUR may be feasible during the period when UE has valid information about satellite ephemeris, GNSS, and common TA parameters in RRC_IDLE. 
[bookmark: _Toc82802851]
Proposal 5: PUR for NB-IoT over NTN shall be supported at least for the GEO scenario.

Proposal 6: To support PUR in GEO-based NTN, if the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space in a search space window starting in subframe n + 4 + K_RTT, where K_RTT is an estimate of UE-eNB RTT.


	Samsung
	Proposal 3: For NB-IoT, for a NPUSCH transmission in pre-configured uplink resource ending in subframe n, the UE shall monitor the NPDCCH UE-specific search space with a delay of k_offset as compared to transmission as per current specification.
Proposal 4: Support pre-configured uplink resource feature for IoT over NTN in Rel-17.

	Spreadtrum Communications
	Proposal 3: 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 UE-eNB RTT as compared to current specification.

Proposal 4: 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 UE-eNB RTT as compared to current specification.
Target GEO b/c of fixed SAT

	OPPO
	Proposal 4: The feature of PUR depends on UE maintaining UL synchronization in idle mode, which does not seem to be tackled in AI 8.15.1. Thus, the whole feature of PUR may not be supported in R17. It is not recommended to only discuss timing relationship for PUR. 

	Nokia, Nokia Shanghai Bell
	Proposal 4: To support PUR in GEO deployments in release 17 and leave support for PUR for LEO as future work.


	CMCC
	Proposal 4: For NB-IoT/eMTC, if PUSCH using PUR is to be supported and if the UE initiates an PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the PDCCH UE-specific search space shall be delayed by the UE-eNB RTT as per current specification.

	Lenovo, Motorola Mobility
	Proposal 1: For NB-IoT/eMTC, if the UE has initiated an NPUSCH/PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH/PDCCH UE-specific search space shall be delayed by Kmac  as compared to current specification. Kmac  is the timing offset for DL & UL at eNB side and Kmac  equals to 0 if DL & UL timing are aligned.

	Intel
	Proposal 4: 
• Support timing relationship enhancements to enable PUR for NTN
- K_mac should be added for slot offset between PUR (N)PUSCH and (N)PDCCH
- Note: PUR is not supported for scenarios with delay changing over time (i.e. non-GEO satellites)

	Sony
	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. 

	ZTE
	Proposal-1: For NB-IoT/eMTC over NTN, start or restart of pur-ResponseWindowTimer should be delayed with K_offset.

	Ericsson
	Proposal 1: If the UE has initiated a PUSCH transmission using preconfigured uplink resource ending in uplink subframe n, the UE shall monitor the MPDCCH UE-specific search space by PUR-RNTI in a search space window starting in downlink subframe n+4+K_mac with duration given by higher layer parameter pur-MPDCCH-SS-window-duration. 
Proposal 2: If the UE has initiated a NPUSCH transmission using preconfigured uplink resource ending in uplink subframe n, the UE shall monitor the NPDCCH UE-specific search space by PUR-RNTI in a search space window starting in downlink subframe n+4+K_mac with duration given by higher layer parameter pur-SS-window-duration. 
Proposal 3: The granularity of K_mac is subframe level.



[bookmark: _Toc85568931]FIRST ROUND Discussion on PUSCH using PUR 
11 companies study and make observations and proposals on this issue. The proposals fall in 3 classes:
· No support of PUR in Rel17 IoT NTN: OPPO
· Support PUR in Rel17 IoT NTN : Samsung, Sony, ZTE, Ericsson, Lenovo&MM, CMCC
· Support PUR only for GEO in Rel17 IoT NTN: FGI, Spreadtrum, Nokia, Intel
 
Having considered the varying TA issue, 4 companies propose that PUR be supported for GEO where the TA is relatively static. 6 other companies think PUR should be supported in Rel17. So, the overwhelming majority of companies that studied this issue (10 out of 11) think that PUR should be supported somewhat. One company OPPO rightly highlights that there are other issues beyond time-relationship enhancement to be discussed. FL comment: some of these issues are being discussed in RAN2. In this AI, the issue on the table is timing relationship enhancement so FL thinks since it has been raised by companies, we should discuss and conclude on it. 
Based on this, FL makes the following proposals and urges companies to express their views.
FL Proposal 3.3.2-1:
If PUR is supported for NB-IoT, then 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. 

	Company
	Support/Not Support
	Comments

	SONY
	Support
	Maybe we could try to agree the timing relationship for PUR as a working assumption. The working assumption could be confirmed if PUR is supported. The working assumption would then be:
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. 

	Ericsson
	Support but modification is needed.
	UE-eNB RTT is the sum of TA and K_mac, so the downlink subframe n + 4 + K_mac is the downlink subframe starting UE-eNB RTT after the ending of uplink subframe n + 4. Since the UE needs to monitor the NPDCCH UE-specific search space in downlink, it will be clearer to use the description of downlink subframe n + 4 + K_mac for the timing relationship of PUSCH using PUR directly.

	ZTE
	
	W.r.t the use case of PRU, we prefer to support it in NTN. We are also fine to agree it as a working assumption.
For the exact timing relationship, one more case is need based on the description in TS 36.331, i.e. start/restart to monitor the NPDCCH UE-specific search space...
In our view, the enhancement is needed basically because of the delay of eNB UL timeline (when RP is the satellite). In this situation, the eNB should defer the transmission of NPDCCH (transmit after receiving NPUSCH transmission), so only K_mac is taken as the delay, but not UE-eNB RTT.

	OPPO
	Not Support
	The UE maintaining synchronization in idle mode does not seem to be discussed. In this case, in our view, even the timing relationship for PUR is addressed, this PUR feature cannot fly for R17. So we suggest to postpone the enhancement for PUR to the next release.  

	CATT
	FFS
	For the UE has a NPUSCH/PUSCH transmission using PUR ending in UL subframe n, the UE shall monitor the N/MPDCCH in DL subframe n+4+K_mac.

	Mavenir
	Support
	We also support explicit description of downlink subframe n + 4 + K_mac for the timing relationship of PUSCH for PUR, because the time difference between UL subframe n and DL subframe n+K_mac is equal to UE-eNB RTT.
Also, it seems that there has been no agreement on introducing K_mac in IoT NTN (which is needed to complete the spec for IoT NTN). We suggest to re-use the relevant NR NTN agreements on K_mac as much as possible.

	MediaTek
	Support with modification
	Modification may be needed with downlink subframe n + 4 + K_mac for the timing relationship of PUSCH using PUR directly as mentioned by Ericsson.
On OPPO comment, PUR is a natural feature for IoT NTN as the UE will have a valid TA based on UE-specific TA and common TA when it decides to transmit data during idle. It should not be issue for UE to acquire ephemeris and common TA parameters in idle to support PUR, as this is no different from normal case where UE needs to prepare for UE pre-compensation for UL synchronization before initiating random access procedure.

	Samsung
	Support
	We are fine with an explicit description of the additional delay to be added in the UL-DL timing relationship, and also support to agree on the definitions of the timing quantities (as in NR NTN).
Supporting the PUR feature for NTN seems straightforward – UE needs to have a valid TA when transmitting in pre-configured uplink resources and adjust the timing relationship currently under discussion.  

	Spreadtrum
	Support
	

	Nokia, NSB
	Support
	We are fine to support PUR for GEO cases for IoT NTN in Rel17. Where the delay after ending of UL repetition before starting monitoring PDCCH should be added to define UE behavior.
As it is from UL to DL, K_mac should be considered as the delay instead of UE-eNB RTT.

	Lenovo, MotoM
	Support with modification
	Share the similar view as E///, Mavenir and MediaTek

	Qualcomm
	Only need K_mac update
	As we have described in the GTW sessions, whenever the specs talk of “reception”, it refers to downlink timing, and whenever it talks of “transmission”, it refers to uplink timing.
As a result, in a “K_mac-free” world, we wouldn’t need any change. However, since K_mac may be different from 0, the proposal from Ericsson is OK (without any need to insert DL or UL, since this is universal understanding).

	Huawei, HiSilicon
	Fine to support
	Agree with Ericsson that K_mac shall be taken into account.

	CMCC
	Support
	Agree with Ericsson, CATT, etc. that K_mac should be considered as the delay instead of UE-eNB RTT.

	GateHouse
	Support
	Fine with PUR and the proposed working assumption with final modifications to PUR as FFS.

	Novamint
	Support 
	Agree with Sony

	Apple
	Support with modification
	Agree with Ericsson and other companies that K_mac is included. 



FL Proposal 3.3.2-2:
If PUR is supported for for eMTC, then 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. 

	Company
	Support/Not Support
	Comments

	SONY
	Support
	Maybe we could try to agree the timing relationship for PUR as a working assumption. The working assumption could be confirmed if PUR is supported. The working assumption would then be:
For eMTC, 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. 

	Ericsson
	Support but modification is needed.
	UE-eNB RTT is the sum of TA and K_mac, so the downlink subframe n + 4 + K_mac is the downlink subframe starting UE-eNB RTT after the ending of uplink subframe n + 4. Since the UE needs to monitor the MPDCCH UE-specific search space in downlink, it will be clearer to use the description of downlink subframe n + 4 + K_mac for the timing relationship of PUSCH using PUR directly.

	ZTE
	
	Similar as FL Proposal 3.3.2-1:

	OPPO
	Not Support
	The UE maintaining synchronization in idle mode does not seem to be discussed. In this case, in our view, even the timing relationship for PUR is addressed, this PUR feature cannot fly for R17. So we suggest to postpone the enhancement for PUR to the next release.  

	CATT
	FFS
	For the UE has a NPUSCH/PUSCH transmission using PUR ending in UL subframe n, the UE shall monitor the N/MPDCCH in DL subframe n+4+K_mac.

	Mavenir
	Support
	We also support explicit description of downlink subframe n + 4 + K_mac for the timing relationship of PUSCH for PUR, because the time difference between UL subframe n and DL subframe n+K_mac is equal to UE-eNB RTT.
Also, it seems that there has been no agreement on introducing K_mac in eMTC NTN (which is needed to complete the spec for eMTC NTN). We suggest to re-use the relevant NR NTN agreements on K_mac as much as possible.

	Samsung
	Support
	Same considerations as for PUR for NB-IoT.

	Spreadtrum
	Support
	

	Nokia, NSB
	Support
	We are fine to support PUR for GEO cases for IoT NTN in Rel17. Where the delay after ending of UL repetition before starting monitoring PDCCH should be added to define UE behavior.
As it is from UL to DL, K_mac should be considered as the delay instead of UE-eNB RTT.

	Lenovo, MotoM
	Support with modification
	Similar comments as PUR for NBIoT

	Qualcomm
	Only need K_mac update
	As we have described in the GTW sessions, whenever the specs talk of “reception”, it refers to downlink timing, and whenever it talks of “transmission”, it refers to uplink timing.
As a result, in a “K_mac-free” world, we wouldn’t need any change. However, since K_mac may be different from 0, the proposal from Ericsson is OK (without any need to insert DL or UL, since this is universal understanding).

	CMCC
	Support
	Same considerations as for PUR for NB-IoT that K_mac should be considered as the delay instead of UE-eNB RTT.

	Novamint
	Support
	Same as for NB

	Apple
	Support with modification
	Agree with Ericsson and other companies that K_mac is included. 



FL Proposal 3.3.2-3:
Support PUR at least for GEO-based IoT NTN in Rel17
	Company
	Support/Not Support
	Comments

	SONY
	Support
	We could add “FFS: LEO”.
This could be discussed as part of the UE Features discussion.

	Ericsson
	
	We prefer to support PUR for both GEO and non-GEO cases.

	ZTE
	
	We prefer to support PUR for both GEO and non-GEO cases.

	OPPO
	
	We suggest to postpone the enhancement for PUR to the next release.

	MediaTek
	
	We prefer to support PUR for both GEO and non-GEO cases. This could be compromise if support of PUR with LEO was shown to be significantly more impact on specifications.

	Samsung
	
	Unless it is found that further enhancements are needed for LEO, it is preferable to support PUR for both GEO and LEO.

	Spreadtrum
	Support
	

	Nokia, NSB
	Support
	We suggest to support PUR in GEO in Rel 17. Support for LEO is challenging due to change of serving cell and changing radio conditions while it could be a topic for Rel 18.

	Lenovo, MotoM
	
	We prefer to support PUR for both GEO and non-GEO cases.

	Qualcomm
	Support for GEO
	[Seems a far-cry to support for LEO, e.g., if serving satellite changes between PUR occasions, etc.]

	Huawei, HiSilicon
	Partly support
	GEO is close to the terrestrial very low mobility NB-IoT case and we can understand the argument that PUR could provide benefit there. We do not see any reason to keep the LEO case open, and propose to remove “at least”. If the group intend to discuss the support of PUR for LEO, it would better to have separate discussion on the TA validation mechanism taking into account GNSS validity as well as the UL synchronization validity timers for satellite ephemeris and common TA (if supported).

	Nordic Semiconductor
	Support for GEO
	

	GateHouse
	Support
	We prefer to support PUR for both GEO and non-GEO cases.

	Novamint
	
	We would prefer to support PUR for both GEO and non-GEO cases as pointed by many other companies. If found that there are significant more impacts on the specifications for LEO, we could then reduce this to GEO.

	Apple
	Support
	



[bookmark: _Toc85568932]SECOND ROUND Discussion on PUSCH using PUR 
17 companies commented on this issue with 15 companies supporting the proposals albeit with modifications aimed at explicitly designating the downlink subframe for PDCCH monitoring. One company OPPO does not support PUR in Rel17 and CATT says it should be FFS. As MediaTek argues, PUR is a natural feature for IoT NTN as the UE will have a valid TA based on UE-specific TA and common TA when it decides to transmit data during idle. Of the 12 companies that commented on PUR support for GEO (FL Proposal 3.3.2-3), 5 support PUR only for GEO in Rel17, while 7 prefer to support both GEO and NGSO. Given that it is still not clear whether the work remaining for full support of PUR in NGSO, FL thinks more time is needed to carry out an assessment whether the outstanding work to support PUR for NGSO can fit into the Rel17 scheduled.  
Given all the above, FL accepts to proceed with modifying the proposal to explicitly designate the downlink subframe for starting PDCCH monitoring. FL also proposes to make support for NGSO FFS at this time. Therefore, FL makes the following modified proposals and invites companies to make their views known in this second round.
1) FL Proposal 3.3.3-1:
For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start to monitor the NPDCCH from DL subframe n+4+K_mac.
2) FL Proposal 3.3.3-2:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start to monitor the MPDCCH from DL subframe n+4+K_mac.
3) FL Proposal 3.3.3-3:
Support PUR at least for GEO-based IoT NTN in Rel17
FFS: for NGSO-based IoT NTN.

In the GTW session of Oct 14, 2021, these proposals were modified and agreed as:
Agreement:
For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the NPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

Agreement:
For eMTC, if the UE has initiated an PUSCH transmission using pre-configured uplink resources ending in subframe n, the UE shall start or restart to monitor the MPDCCH from DL subframe n+4+K_mac (where K_mac is defined as in NR-NTN).

Agreement:
Support PUR at least for GEO-based IoT NTN in Rel-17
FFS: for NGSO-based IoT NTN.

[bookmark: _Ref84837235][bookmark: _Toc85568933]NPDCCH Monitoring Restrictions
In NTN, the TA is large enough to change the subframes on which NPDCCH monitoring is restricted. In TN, these restrictions are specified for example (section 16.6 of TS36.213) as:If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 


The subframes restricted for NPDCCH monitoring ought to be those immediately preceding the subframe in which the NPUSCH format 2 is to be transmitted after being subjected to timing advance. In TN, because the TA is typically a tiny proportion of the subframe duration, timing advance of UL transmissions rarely changes the scheduled subframe or slot of the UL transmission. For this reason, restrictions on NPDCCH monitoring just prior to the UL transmissions do not take into account the TA in current specifications. In NTN, the TA can be tens of times the subframe duration. Companies studied this issue.
[bookmark: _Toc85568934]Companies’ Observations and Proposals
	OPPO
	Observation 1: the legacy NPDCCH monitoring restriction may be not be suitable for NTN system due to the change of scheduling time relationship. 
Proposal 6: RAN1 should discuss if the legacy NPDCCH monitoring restriction is still valid.

	Qualcomm
	Proposal 3: The definition of downlink interrupted subframes (e.g., those before and after a PUSCH, PRACH, PUCCH, and half-duplex guard periods), where a half-duplex UE is not expected to monitor PDCCH, is modified, in accordance with the large UE-specific TAs in NTN.

	vivo
	Observation 1: In IoT NTN, the current specification for NPDCCH monitoring restrictions of UL transmissions should be modified.
Proposal 4: Support to introduce K_TA for current restrictions on NPDCCH monitoring of UL transmissions, where the unit of K_TA is subframe and the value of K_TA is derived from TA in UE side.

	ZTE
	Proposal-11: Necessary adaption of timing is needed for interrupted downlink/Guard subframes.



[bookmark: _Toc85568935]FIRST ROUND Discussion on PDCCH Monitoring Restrictions
Four companies make proposals on modification of NPDCCH monitoring restrictions. According to previous RAN1 agreements on IoT NTN, the transmission time of an NPUSCH format 2 scheduled in subframe n+k would first be delayed through timing relationship enhancement to n+k+K_offset and then timing advanced to n+k+K_offset -TA. If K_offset is equal to TA, then the NPUSCH format 2 would actually be transmitted in subframe n+k. However, this cannot always be guaranteed. In deciding the subframes that should be restricted for NPDCCH monitoring therefore, we should be concerned with the subframe in which the NPUSCH format 2 is actually transmitted after timing relationship enhancement and timing advance and not the subframe in which it was scheduled.
 
 FL invites companies to make their views known in the following survey.
FL Survey 3.4.2-1: 
Given the explanation above, do you see the need for change in the designation of subframes that should be restricted for NPDCCH monitoring in the specification for IoT NTN? If yes, please propose an agreement.
	Company
	Change/Not Changed
	Comments and Proposal

	SONY
	Change
	The specifications need to account for the timing relationship enhancement (extension by Koffset).
We should start off by identifying which timing relationships have “interrupted subframe” specification. We can then determine whether there needs to be a specification update for each identified timing relationship.

	ZTE
	Change
	We agree with SONY’s comments above. In addition, for timing relationship of DCI scheduled NPUSCH (as described in TS 36.213/16.6), in our view, at least for two HARQ-Processes, introduce K_offset to maintain the timing between the UL transmission of 1st HARQ process and potential PDCCH reception of 2nd HARQ process.

	OPPO
	Not change
	In our view, the restriction of the PDCCH monitoring should be discussed separately as follows:
1) the PDCCH monitoring in UL;
2) the PDCCH monitoring in DL;
3) the PDCCH monitoring in HARQ process.
Different solutions correspond to different situations.

	MediaTek
	Change may be needed
	Details can be further discussed in RAN1

	Lenovo, MotoM
	Change
	We should update the NPDCCH monitoring restriction due to large value of TA in NTN. The interrupted subframes in NTN NBIoT is different from that in TN NBIoT.

	Qualcomm
	Change needed
	As we have highlighted in several contributions (with diagrams), the specs need modification for interrupted subframe definitions, on account of the large TA in NTN.
To being with, we can try along the lines of our proposal (others can modify), for an agreement:
Potential Agreement:
“The definition of downlink interrupted subframes—i.e., those before and after a PUSCH, PRACH, PUCCH, and half-duplex guard periods)—where a half-duplex eMTC/NB-IoT UE is not expected to monitor PDCCH, needs to be modified, in accordance with the UE-specific TAs in NTN”.

	Huawei, HiSilicon
	Not changed
	The enhancement on PDCCH monitoring has been discussed previously and it was concluded that with the introduction of TA reporting and the UE-specific K_offset, we are not sure whether there is a need to introduce a duplicated function. 

	Nordic Semiconductor
	Changes are needed
	We agree with SONY’s comments above. In addition, we think that eMTC half-duplex operation shown below may need spec changes. Spec changes could be implemented according to the first proposal in our contribution.
From 36.211 sec. 6.2.5
“For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by the UE by
-	not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and
-	not receiving a downlink subframe immediately following an uplink subframe from the same UE.”


	CMCC
	Not changed
	We share the same view with Huawei that with the introduction of TA reporting and the UE-specific K_offset, K_offset – TA may be less than 1 subframe. Thus, enhancement may be not needed.

	vivo
	Change
	For NPDCCH monitoring restrictions on UL transmissions, the UE is not required to monitor an NPDCCH candidate in some subframes, those subframes is advanced by K_TA as compared to current specification, the unit of K_TA is subframe and the value of K_TA is derived from TA in UE side.

	GateHouse
	Change
	Agree with SONY.

	Novamint 
	Change needed
	Agree with Sony

	Apple
	Change
	The timing relationship enhancement (e.g., via Koffset) may be introduced. 



[bookmark: _Toc85568936]SECOND ROUND Discussion on PDCCH Monitoring Restrictions
Of the 13 commenting companies, 10 think a change may at least be needed while 3 think a change is not needed. It seems clear in the analysis that the subframes during which PDCCH is not to be monitored ought to be located around the subframe in which the UE actually transmits the UL channel or signal after timing relationship enhancement and timing advance. A change is therefore needed if the subframe in which the UL transmission takes place is different from the subframe in which the UL transmission was originally scheduled in NTN.
The question is how to capture this in a general manner that allows the spec editors to insert the details for each case. FL proposes a second survey for companies to indicate the timing relationships for which there needs to be a change in the PDCCH monitoring restrictions. Companies are encouraged to comment on this.
FL Survey 3.4.3-1:
Companies are invited to identify the timing relationships where the UE is not expected to monitor PDDCH that need to be modified to take account of the UE-specific TA in IoT NTN

	Company
	Timing relationships

	ZTE
	Following two cases with modification marked in red are provided. 
If NPUSCH format 1 transmission of 1st HARQ process start from subframe n+k+K_offset,  
-	the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1 if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the number of scheduled TB field, if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2+K_offset to UL subframe n+k-1+K_offset otherwise; and
· the UE does not expect to receive a DCI Format N0 before UL subframe n+k-2+K_offset for which the corresponding NPUSCH format 1 transmission ends later than UL subframe n+k+255 +K_offset if the corresponding NPDCCH with DCI format N0 schedules one transport block.  (TS 36.213/16.6)

	OPPO
	In our view, the restriction of the PDCCH monitoring should be discussed separately as follows:
1) the PDCCH monitoring in UL
In this case the PDCCH monitoring restriction should not be shifted by K offset given a long TA needed for UL transmission, for this reason, a safe option is to maintain the legacy restriction, i.e. not expected to monitor starting from n+k-2. 
2) the PDCCH monitoring in DL;
For DCI scheduling PDSCH: there is no need to change the current specifications, because the uplink and downlink scheduling relationship is not involved.
3) the PDCCH monitoring in HARQ process.
For HARQ feedback of DCI scheduling PDSCH: 
[36.213 section 16.6]
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
· In this case, if K offset has been considered in the subframe n+m ,there is also on need to introduce the K offset. Otherwise, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m+ K offset -1.

	Qualcomm
	Note that, according to the Fig. below, the interrupted subframe definition needs to be updated using a “-TA” term for the “DL subframes”.
This is different from a “+K_offset” term for UL subframes that some companies are confusing this with.
Reiterating a point made before: whenever the specs refer to “monitoring/receiving”, the indices refer to DL indices; whenever the specs refer to “transmission”, the indices refers to UL indices.
As for the cases in which this is required, the following are what we can think of:
1. Before and after: (N)PUSCH, (N)PRACH, PUCCH
2. Half-duplex guard periods

[image: ]

	CATT
	TA is better than K_offset.
If K_offset is used, cell-specific K_offset is used before the initial access, and UE-specific K_offset or cell-specific K_offset is used after the initial access. 

	vivo
	Agreed with QC, it needs to be updated using a “-TA” term for the “DL subframes”.
An example with modification marked in red is provided as follow,
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
[bookmark: OLE_LINK2]-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1-K_TA, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2-K_TA to subframe n+k-1-K_TA; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 -K_TA for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.


	Nordic Semiconductor
	We think that NPDCCH monitoring restrictions should be defined in terms of downlink subframe indices. Due to somewhat complicated relation of the start of UL transmission in terms of DL indices, could we simply refer (implicitely) to the start of UL transmission. E.g. 
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to the start of UL transmission, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to the start of UL transmission; and
Or we could even leave the detailed formulation to the spec editor.
But Type B half-duplex operation in NTN is maybe easier to define in terms of UL subframe indices. E.g.
For eMTC NTN, when switching from DL to UL, a guard period starts at UL subframe n +  – 1 – , where n is a subframe where UL transmission starts as per current specification, and  is timing advance rounded up to number of subframes. When switching from UL to DL, a guard period ends at UL subframe n +  + N + 1 – , where N is the length of the UL transmission, and  is timing advance rounded down to number of subframes

	
	



[bookmark: _Ref85471207][bookmark: _Toc85568937]THIRD ROUND Discussion on PDCCH Monitoring Restrictions
Six companies responded to the survey during the second round with examples of transmissions for which PDCCH monitoring changes are needed and suggested changes. Coupled with the comments from the first round and the discussions on the reflector, companies seem to agree on the exact changes in each case. The following table tabulates what FL thinks are the necessary changes.







	Current
	Proposed Change

	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.

	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-+K_offset 1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset-2 to subframe n+k+K_offset -1; and
· the UE does not expect to receive a DCI Format N0 before subframe n+k+K_offset -2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+K_offset +255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1.
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.


	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.

	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset -1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset -2 to subframe n+k+K_offset -1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1.


	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.

	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  to subframe n+m+K_offset -1.


	If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
	If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+ K_offset -1.


	
	




The understanding of how the subframes in during which NPDDCH monitoring is restricted for DL – UL timing relationships are designated should be modified for IoT-NTN is tabulated in the Table above. Since the exact changes that are made would be up to the spec editor, FL proposes to make a generic agreement on how the designation of these subframes for PDCCH monitoring restrictions is to be made as per the following proposal. Companies are respectfully encouraged to make their views on the proposal known.
FL Proposal 3.4.4-1:
For NB-IoT based IoT NTN, the designation of the subframes in which the UE is not required to monitor NPDCCH before and/or after an uplink transmission is modified by adding (K_offset – S(TA)) where S(TA) is the current TA used by the UE expressed as an integer number of subframe durations.
	Company
	Agree/Not Agree
	Comments and Proposal

	Apple
	Agree
	In principle, we are fine with the proposal. Not sure if some additional offset (e.g., 1 subframe) is needed in NPDCCH monitoring restrictions.  

	ZTE
	Not agree
	The modifications should be discussed case by case. It’s unclear and complicated to mix the cases as listed in above blocks, and actually some cases regarding NPDSCH don’t need the change.
Regarding the exact DL subframes where the UE is not expected to monitor an NPDCCH candidate, we share similar view with Qualcomm to keep the legacy restriction of 2ms without NPDCCH monitoring right before the NPUSCH transmission, which is shown in the figure below. In this case, assume K_offset >= n_TA, the 2 subframes before UE UL slot n+k+K_offset is not allowed to receive DCI. However, as shown in this figure, it seems clearer to highlight the 2 ms constraint from UE UL timeline perspective, So we propose to revise as follows:  "....the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2+K_offset to UL subframe n+k-1+K_offset".. 
(Note DL subframe n+k-1+K_offset - n_TA = UL subframe n+k-1+K_offset).


In other words, maybe we can make a decision about whether to follow the 2 ms constraint or not, then it's actually a kind of editor's work w.r.t how to formalize the exact subframe index.

	Huawei, HiSilicon
	
	Is “the current TA” in the proposal the UE specific TA? If that is the case the reporting should be mandatory. The equations would seem to be working when the understanding of is the same at the eNB and the UE. What are the implications when there is more than one subframe of difference in this understanding?

	vivo
	Not Agree
	In our understanding, k in ‘n+k’ is not the slot offset in DCI for scheduling, which generally presents the time offset between the DCI and the scheduled NPUSCH. K_offset is be introduced for enhancement for the timing relationship between UL and DL, which is separate from the enhancement on NPDCCH monitoring restriction. 
For FDD, according to the specification, it is clear that the NPUSCH format 1 transmission starts from uplink subframe n+k, and the designation of the downlink subframes in which the UE is not required to monitor NPDCCH needs to be modified by a “–S(TA)” due to the large TA used by the UE. Thus, K_offset is not need. That is, 
For NB-IoT based IoT NTN, the designation of the subframes in which the UE is not required to monitor NPDCCH before and/or after an uplink transmission is modified by adding (K_offset - S(TA)), where S(TA) is the current TA used by the UE expressed as an integer number of subframe durations.
For TDD, the modification of Proposal 3.4.4-1 is not need.

	OPPO
	Not Agree
	The scheme we discussed in the reflector has not been summarized.  So we think it is necessary for us to explain our scheme again as follows.
For the sake of comparison, we provide the FL's proposal (option1) and our proposed change (option 2 , option 3). In our view, these options should be discussed.
	Proposed Change 

	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset 1 (option 1), start of UL transmission (option 2) , n+k+K_offset-1 (option 3), otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset-2 (option1), n+k-2 (option 2)  to subframe n+k+K_offset -1 (option 1), start of UL transmission (option 2), n+k+K_offset-1 (option 3); and
· the UE does not expect to receive a DCI Format N0 before subframe n+k+K_offset -2 (option1), n+k-2 (option 2)  for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+K_offset +255 (option 1), n+k+K_offset+255 (option 2), if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  (option 1), n+k (option 2) to subframe n+m+K_offset -1 (option 1), n+m+K_offset-1 (option 2).
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1 (option 1), start of UL transmission (option 2), n+k+K_offset-1 (option 3).
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.


	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k+K_offset -1(option 1), n+k-1 (option 2); 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k+K_offset -2 (option 1), n+k-2 (option 2) to subframe n+k+K_offset -1(option 1), n+k-1 (option 2);
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1(option 1), n+k-1 (option 2).


	If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  (option 1), n+k (option 2) to subframe n+m+K_offset -1(option 1), start of the UL transmission (option 2), n+m+K_offset-1 (option 3). 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k+K_offset  (option 1), n+k (option 2) to subframe n+m+K_offset -1(option 1), n+m+K_offset-1 (option 2).


	If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+K_offset -1(option 1), start of the PRACH transmission (option 2), n+k+K_offset-1 (option 3). 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k+ K_offset -1(option 1), n+k+K_offset-1 (option 2).


	




	Ericsson
	Not Agree
	We prefer to discuss this case by case. 
For example, for the NPDCCH monitoring restriction related to NPDCCH ordered NPUSCH in NB-IoT, NB-IoT UE detects NPDCCH in DL subframe n, and transmits NPUSCH in UL subframe n+k+Koffset. The two important subframes are DL subframe n and UL subframe n+k+Koffset as shown in the two figures below, so we would like to suggest using uplink subframe, downlink subframe and Koffset for simplification with the following detailed modifications.
· if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from DL subframe n+1 to UL subframe n+k-1+Koffset, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from UL subframe n+k-2+Koffset to UL subframe n+k-1+Koffset; and
· the UE does not expect to receive a DCI Format N0 before UL subframe n+k-2+Koffset for which the corresponding NPUSCH format 1 transmission ends later than UL subframe n+k+255+Koffset if the corresponding NPDCCH with DCI format N0 schedules one transport block.
· for TDD, and if the corresponding NPUSCH format1 transmission ends in UL subframe n+m+Koffset, the UE is not required to monitor NPDCCH in any subframe starting from UL subframe n+ k+Koffset to UL subframe n+m-1+Koffset.










	SONY
	
	Given the set of comments above, it seems like companies would prefer to consider these timing relationships on a case by case basis. If we proceed with this approach then progress could be made at this meeting by clearly identifying the cases that need a timing update.
We understand that all of the cases that require a timing update are listed in section 16.6 of TS36.213. We have copied the text below and tried to identify the cases where there are monitoring restrictions.
########## TS36.213 section 16.6 #############

For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	[case 1: MTBG NPUSCH] if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise [case 2: 2 NPUSCH HARQ processes scheduled] the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
· [case 3: long single NPUSCH when MTBG or 2HARQ configured] the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255 if the corresponding NPDCCH with DCI format N0 schedules one transport block. 
-	for TDD, and if the corresponding NPUSCH format1 transmission ends in subframe n+m, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
otherwise
-	[case 4: single NPUSCH scheduled by DCI format N0 or RAR]if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n or receives a NPDSCH carrying a random access response grant ending in subframe n, and if the corresponding NPUSCH format 1 transmission ends in n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k.
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npdsch-MultiTB-Config
-	and if the NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if a NPDSCH transmission starts from n+k, 
-	if the corresponding NPDCCH with DCI format N1 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1; 
-	otherwise, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1;
otherwise
-	if the NB-IoT UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPDSCH transmission starts from n+k, and 
-	[case 5: NPUSCH format 2 in response to DCI format N1] for FDD, if the corresponding NPUSCH format 2 transmission starts from subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1. 
-	for TDD, if the corresponding NPUSCH format 2 transmission ends in subframe n+m the UE is not required to monitor NPDCCH in any subframe starting from subframe n+ k to subframe n+m-1.
If a NB-IoT UE detects NPDCCH with DCI Format N1 for "PDCCH order" ending in subframe n, and 
-	[case 6: NPRACH in response to PDCCH order] for FDD, if the corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1. 
-	for TDD, if the corresponding NPRACH transmission ends in subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1.
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
-	[case 7: NPUSCH with same HARQ process when 2 HARQ configured] 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;

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	[case 8: subframes after NPUSCH processing] if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 
otherwise,


-	[case 9: subframes after NPUSCH carrying Msg3] If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3. 
If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	the UE is not required to monitor an NPDCCH candidate of an NPDCCH search space if the candidate ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5
otherwise
-	the UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of another NPDCCH search space having starting subframe k0 before subframe n+5. 
An NB-IoT UE is not required to monitor NPDCCH candidates of an NPDCCH search space during an NPUSCH UL gap.
An NB-IoT UE is not required to monitor NPDCCH candidates of a Type2A-NPDCCH common search space during the scheduling gap or the processing gap.
For an NB-IoT UE configured with higher layer parameter sr-WithoutHARQ-ACK-Config, if the transmission of a narrowband random access preamble for SR ends on subframe n,
-	[case 10: NPRACH for SR for long NPRACH transmissions] in case of frame structure type 1 with NPRACH format 0 and 1 when the number of NPRACH repetitions is greater than or equal to 64, or NPRACH format 2 when the number of NPRACH repetitions is greater than or equal to 16, the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+40,
-	otherwise, [case 11: NPRACH for SR for short NPRACH transmissions] the UE is not required to monitor NPDCCH UE-specific search space from subframe n to subframe n+3.

#######################

Hence, we could maybe agree that the following timing relationships for NPDCCH monitoring restrictions need to be change for IoT-NTN for NB-IoT:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions






[bookmark: _Toc85568938][bookmark: _Ref80215140][bookmark: _Ref84837251]FOURTH ROUND Discussion on PDCCH Monitoring Restrictions
From the comments provided by companies, it appears that whilst majority of companies agree that the designation of DL subframes in which NPDCCH monitoring should be restricted should be changed for IoT NTN, companies do not agree however on the basis of these changes and how they should be done.
FL agrees with Sony that in order to make progress, it is best to identify what clauses in the specification need changes and then give companies a chance to consider the changes needed for the next meeting. FL will adopt the list provided by Sony and hope that this can be agreed at the GTW session of Oct 19, 2021.
FL Proposal 3.4.5-1:
NPDCCH monitoring restrictions need to be changed in NB-IoT for the following cases:
· case 1: MTBG NPUSCH
· case 2: 2 NPUSCH HARQ processes scheduled
· case 3: long single NPUSCH when MTBG or 2HARQ configured
· case 4: single NPUSCH scheduled by DCI format N0 or RAR
· case 5: NPUSCH format 2 in response to DCI format N1
· case 6: NPRACH in response to PDCCH order
· case 7: NPUSCH with same HARQ process when 2 HARQ configured
· case 8: subframes after NPUSCH processing
· case 9: subframes after NPUSCH carrying Msg3
· case 10: NPRACH for SR for long NPRACH transmissions
· case 11: NPRACH for SR for short NPRACH transmissions
· FFS : the changes in each case
· FFS: additional cases

[bookmark: _Toc85568939]K_offset handling
[bookmark: _Toc85568940] Companies’ Observations and Proposals
	Mavenir
	Observation 1: The following relationship should hold for the value of : 
 The largest possible  in the cell.
Proposal 1: The  for IoT-NTN is transmitted in SIB.

Observation 2: The following relationship should hold for the value of :
   of the UE in RRC_CONNECTED state.

Proposal 2: In RRC_CONNECTED state, if the UE is not configured with UE-specific K_offset, it uses the cell-specific K_offset.


	MediaTek
	Observation 1: The UE-specific differential K_offset has lower overhead that the UE-specific K_offset with low overhead and low frequency of  update: 
· UE-specific differential K_offset with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential K_offset with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential K_offset total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the K_offset can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the K_offset as it only needs to be updated at most every 391 seconds. The overhead is not significant. 
Proposal 1: The UE-specific differential K_offset determined as the difference between the cell-specific K_offset and the UE-specific K_offset is indicated by MAC CE.

	CATT
	Proposal 3: The UE-specific K_offset can be provided and updated at least by network with MAC CE.

	Apple
	Proposal 3: 
•	Consider the following options for K_offset indication 
o	Alt. 1: Single K_offset value is indicated 
o	Alt. 2: Two K_offset values corresponding to service link and feeder link are indicated separately
	FFS: Joint determination of K_offset, Common TA and K_mac

	Intel
	Proposal 5: 
• The same ignaling design for UE-specific K_offset is used for IoT NTN and NR NTN 
- UE-specific K_offset is indicated via MAC CE
- Indication of difference between cell-specific K_offset and UE-specific K_offset can be considered

	ZTE
	Proposal-4: Reuse the ignaling mechanism on indication/updates of K_offset and/or Kmac concluded in NR-NTN.

	Apple
	Proposal 3: In IoT over NTN, the unit of  is subframe in 15 kHz subcarrier spacing. 
Proposal 4: In IoT over NTN, the UE specific  is provided and updated by network with MAC CE. 

	Nordic Semiconductor ASA
	Proposal-2: Cell-specific  is at least indicated in SIB1 



[bookmark: _Toc85568941]FIRST ROUND Discussion on K_offset Handling
The 8 companies that made proposals on K_offset handling cover the following issues:
· Granularity of K_Offset 
· Indication and update of UE-specific K_Offset,
Many of these issues have either been agreed or are being discussed in NR NTN. FL does not see any specificities of IoT NTN that warrant different decisions on these aspects of  K_offset handling. Therefore, FL makes the following proposal which companies are invited to comment upon.
FL Proposal 4.1.2-1:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, reuse the mechanisms concluded in NR-NTN.

	Company
	Support/Not Support
	Comments

	SONY
	Support
	

	Ericsson
	Support
	

	ZTE
	Support
	

	OPPO
	Support
	

	CATT
	Partial support
	For configuration, indication and update of K_Offset, the conclusions can be reused, while for the granularity, utilize ms or subframe as the unit is better.

	Mavenir
	Support
	

	MediaTek
	Support
	Some adjustments may be needed to reflect the larger beam size of 1700 km for IoT NTN 

	Samsung
	Support
	

	Spreadtrum
	Support
	

	Nokia, NSB
	Support
	

	Huawei, HiSilicon
	Support
	

	Xiaomi
	
	It is better we make agreements for each issues directly rather than to simply say we follow the NTN design.

	CMCC
	Support
	

	vivo
	Support
	

	GateHouse
	Support, but
	Support, but potential for re-evaluation once NR NTN has come to a decision if any use cases – e.g., (very) low earth orbits for smallsats - are not covered.

	Novamint
	Support
	Agree as well with the point made by GateHouse as there could be a need for revision

	Apple
	Support
	Some adjustments (e.g., value range) might be needed considering the different subcarrier spacings between LTE and NR. 



[bookmark: _Toc85568942]SECOND ROUND Discussion on K_offset Handling
All the 17 companies providing comments are positive about the proposal. CATT, MediaTek, Xiaomi, GateHouse, Novamint and Apple comment that there could be some tweaks on some of the K_offset handling aspects for IoT NTN. FL agrees with this and suggests that in order to make room for tweaks to particular aspects, perhaps the NR NTN solutions should be taken as a baseline from which changes can then be made if necessary. FL therefore makes the following proposal and invites companies to share their comment.
[bookmark: _Hlk85445887]FL Proposal 4.1.3-1:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.
	Company
	Support/Not Support
	Comments

	ZTE
	
	Fine with the proposal. But it shouldn’t mean that no change may be done for IoT NTN if any.

	Nokia, NSB
	Support
	The mechanism concluded in NR-NTN for 15KHz SCS should be the baseline for IoT NTN.

	OPPO
	Support
	For the granularity, the unit can be slot, ms or subframe.

	Huawei, HiSilicon
	Support 
	The principle is OK as long as we have a common understanding on the baseline.

	SONY
	Support
	We agree with the proposal as it talks about “mechanisms”. The details (e.g. related to numerology) can be different but the mechanisms are the same.

	CATT
	Support
	For configuration, indication and update of K_Offset, the conclusions can be reused, while for the granularity, utilize ms or subframe as the unit is better.

	vivo
	Support
	

	MediaTek
	Support
	

	Apple
	Support
	

	CMCC
	Support
	



In the GTW session of Oct 15, 2021, this agreed as follows:
Agreement:
For IoT NTN, with respect to the granularity, configuration, indication and update of K_Offset, the mechanisms concluded in NR-NTN shall be taken as baseline.

[bookmark: _Toc85568943]UE-specific TA Handling
Issues needing study and discussion covered in company contributions include:
· The quantity to report with the following options under consideration:
· Option 1: UE-specific NTA, UE-specific – service link TA
· Option 2: UE-specific full TA applicable to UL transmission – (service + feeder link TA)
· Option 3: UE location 
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 
· Option 5: 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 
· Option 6: Differential indication
· Option 7: Reporting of a stationarity indication + Option 1 or Option 2
FFS whether to down select including combining options
· [bookmark: _Hlk84601102]Signaling overhead
· Granularity of report
· Frequency of reporting
· [bookmark: _Hlk84607160]Means of reporting
[bookmark: _Ref85041707][bookmark: _Toc85568944]Quantity to Report
[bookmark: _Toc85568945] Companies’ Observations and Proposals
	Huawei
	Observation 2: Either reporting UE-specific NTA, UE-specific or UE-specific full TA, the overhead are very large if they are applied for each reporting instance.

Observation 3: By reporting UE location, the validity of UE-specific TA calculation in long UL transmission is not a concern as its value can be maintained by eNB.
Proposal 3: For IoT-NTN, differential indication with granularity of one slot is adopted for UE-specific K_offset update.
Proposal 4: For UE moving at high speed, a coarse location can be reported for UE-specific TA and a differential value with granularity of one slot can be reported for UE-specific TA update. 
Proposal 5: For UE-specific TA indication, support the combination reporting of a stationarity indication and differential TA compared to the last report.

	Spreadtrum Communications
	Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).

	MediaTek Inc.
	Observation 2: For initial access, the UE-specific full TA seems a good choice since the UE anyway calculate the UE-eNB RTT to delay start of RAR window. The UE-specific full TA is effectively the UE-eNB RTT. This ensures UE and eNB have same understanding on the feeder link part of the full TA.

Proposal 4: NB-IoT NTN can re-use Rel-15 UE differentiation feature for indication of stationarity. 

	CATT
	Proposal 6: Reporting differential TA between current TA and previous TA is preferred.

	Qualcomm
	Proposal 1: A UE reports the UE-specific TA to the network when the previously reported value differs from a current value by a pre-determined threshold. 

	Nokia, Nokia Shanghai Bell
	Observation 7: The UE location report is utilized by RAN2 and RAN3 for NTN

Proposal 2: Reporting UE location for determining UE-specific Timing Advance in half duplex deployments is one method, which can be used by eNB scheduler to avoid UL-DL collisions.
 
Proposal 3: As UE location reporting is already agreed and utilized in RAN2 and RAN3 for multiple purpose, UE location reporting should be specified for IoT NTN in Rel 17.

	OPPO
	Proposal 1: Support reporting UE specific TA or full-TA.

	CMCC
	Proposal 5: For UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 5: 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.

	Xiaomi
	Proposal 3: At least for uplink scheduling adaptation, the exact content of UE reporting of information about the UE specific TA pre-compensation is UE specific TA and a differential indication is preferred.

	Intel
	Proposal 2: 
Support one of the following alternatives to decrease UE-specific TA reporting overhead
· Alt 1. Reporting of information to extrapolate/interpolate UE-specific TA
E.g. series of values with differential encoding scheme
· Alt 2. Reporting of UE location (based on GNSS) 


	Sony
	Proposal 6: For IoT NTN, the UE should report its UE location rather than the UE-specific TA itself.

	ZTE
	Proposal-6: At least the report of the full applied TA for UL transmission should be supported in the first report. 
Proposal-7: For the subsequent TA reporting if required in IoT case with short transmission, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead. 
Proposal-8: In case of segment pre-compensation, the latest TA value applied for the last segment should be reported.

	Lenovo, Motorola Mobility
	Proposal 2: UE report the TA value in msg3 and report the TA value in the following NPUSCH, the TA can be propagation delay/UE-specific TA (reflecting all or partial of round-trip delay) (e.g., one way delay, excluding the feeder link delay).

Proposal 3: Differential TA value can be reported in msg3 or NPUSCH and the differential TA can be the relative value to 1) broadcast common TA; 2) configured cell specific Koffset; 3) (previous) reported TA.


	FGI, Asia Pacific Telecom, III, ITRI
	[bookmark: _Toc82802847]Proposal 1: Contents of UE-specific TA report shall wait for the outcome of the LS to SA3 to ensure whether user consent for obtaining UE location by gNB is needed.

[bookmark: _Toc82802848]Proposal 2: For UE-specific TA report, RAN2#115-e agreements in NR over NTN shall be reused, e.g., under the work assumption "the UE location information cannot be reported in connected mode", the content of UE specific TA reported in connected mode is UE specific TA pre-compensation.


	Ericsson
	[bookmark: _Toc83979776]Proposal 4: The mechanism for UE specific TA maintenance and reporting can follow the decision in NR_NTN_Solutions WI and reuse the agreements therein for IoT NTN with minimum changes if any.

	Apple
	Proposal 5: For UE specific TA reporting, the contents of report are differential UE specific TA or differential UE’s full TA with coarse granularity (e.g., subframe-level granularity).  

Proposal 7: For UE-eNB RTT estimation, information of  is carried in system information. The unit of  is subframe in 15 kHz subcarrier spacing.


	Nordic Semiconductor ASA
	Proposal-3: UE reports its UE-specific TA at least in MSG3 and eNB configures UE-specific  that is larger than total TA at least in MSG4.




[bookmark: _Toc85568946]SECOND ROUND Discussion on UE-Specific TA Quantity
17 companies make proposals on this issue given that it was discussed at RAN1#106e. The main divide is transmitting a delay versus transmitting the UE location. The other options are about whether to transmit full values, values from a reference point or delta values. The option of transmitting a stationarity indicator is not self-sufficient because it has to be accompanied by either a delay or UE location to allow calculation of the UE-specific delay. Further, as pointed out by MediaTek, the specifications have a feature since Rel15 that can be used to determine UE stationarity.
Whilst a majority of companies prefer the reporting of a delay, 6 companies think there is good merit in reporting the UE location because of some of the advantages it brings. Regarding the issue of security of UE location reporting, RAN2 has sent an LS to SA3 to enquire. In the meantime, RAN2 is progressing on the basis that UE location report may be possible. FL thinks RAN1 should not pre-empt the SA3 response. Furthermore, agreeing on the report content would better allow RAN1 to converge on all the other issues.
Further, in some operating scenarios and use cases, reporting one or the other quantity is better for overhead and frequency of reporting. So, if both were supported, the network can choose which to use depending on the deployment and preponderant use case.
Bearing all these in mind, FL makes the following proposal to support both at this stage and encourages companies to make their views known.
FL Proposal 5.1.2-1:
For UE specific TA reporting, the contents of the report can be:
· A delay (UE specific TA, UE full TA, differential UE specific TA , differential full UE TA etc). 
· UE location 

	Company
	Support/Not Support
	Comments

	ZTE
	
	It’s preferred to make down-selections and avoid duplicated discussion with NR-NTN since we’re approaching the last meeting. Specifically, we prefer UE full TA in the first TA reporting during initial access, and differential full TA for the subsequent TA reporting if any.

	Nokia, NSB
	Support
	We agree to support both of options and let network to select to use one of them in multiple scenarios.
Network can select the best option considering the following:
1, frequency of reporting and reporting overhead, with requested number of repetitions
2, validity of the reporting
3, UE’s movement status
4, whether resource available for reporting, when e.g. HD-FDD, UL heavy or DL heavy traffic scenario, etc.
Considering most of IoT UE are stationary UE or with low speed, UE location report will reduce the reporting frequency and overhead significantly, especially considering the repetition needed for the report. 
UE location report could be to report coarse location, as used by other RAN2/RAN3 purpose.
…

	OPPO
	
	Our suggestion is to discuss this issue after NR-NTN has a conclusion. 

	Huawei, HiSilicon
	Support
	We share Nokia’s opinion that both delay and location would be supported. In earlier contributions we have shown that coarse location is sufficient for the purposes of establishing the UE TA. 
Also, whilst there could be the mechanism of reporting full TA or full UE specific TA it would be resource intensive to always do so, and additional differential reporting is beneficial.
We prefer not to do down-selection between the two main bullets.

	SONY
	Support
	The network should be able to decide between the two contents of the report, as explained by Nokia.

	Qualcomm
	See comment
	We do not support “differential” TA. Differential TA is very problematic, since if the previous report(s) were not received correctly, everything thereafter will fail.
Also, the network knows all other components EXCEPT the UE-specific TA. This should be the only thing reported.

	CATT
	 
	Bullet 1 is enough.

	vivo
	
	We can wait for the decision of NR NTN.

	MediaTek
	
	We share same view with ZTE, OPPO it can wait for NR NTN decision. We cannot see a difference between NR NTN and IoT NTN on this topic apart from the maximum beam size of 1700 km in LEO.
Generally fine with the agreement based on RAN2 agreement in NR NTN, and because SA3 may not agree to UE location report then at least “delay” report must be supported. It may also be preference of network to use “delay” or “UE location” report based on RAN2 NR NTN agreement.  
We think to make progress RAN1 could discuss which “delay” should be supported. We have same view as ZTE UE full TA in the first TA reporting during initial access, and differential full TA for the subsequent TA reporting if any. We however understand the concern from Qualcomm. There could be error case with “differential” TA. The full TA  overhead can be shown to be quite small -i.e. 6 bits with one slot granularity for LEO-600 assuming maximum beamsize of 1700 km for LEO.  Using UE-specific TA will save 1 bit. It may be simpler in the network if UE report the full TA, which may remove any potential ambiguity for its determination. 

	Apple
	
	We share same view as other companies that we can wait for NR NTN decision. 
Additionally, in our view, the first bullet is enough. We think the second bullet (UE location reporting) should still be confirmed by SA3. Also, the UE location information is not in the scope of RAN1 discussion, and RAN2 did not ask RAN1 to confirm the UE location reporting. Hence, we support the following modification: 
For UE specific TA reporting, the contents of the report can be at least a TA (e.g., UE specific TA, UE full TA, differential UE specific TA, differential full UE TA, etc). 

	CMCC
	Support
	The network should be able to decide between the two contents of the report, as explained by Nokia and SONY.

	Nordic Semiconductor
	
	We prefer reporting of UE-specific TA (Option 1). Reporting of differential TA is more complicated since it would require feedbacked ACK from network in order to work properly.

	
	
	



[bookmark: _Ref85471208][bookmark: _Ref85471209][bookmark: _Toc85568947]THIRD ROUND Discussion on UE-Specific TA Quantity
12 companies commented in this round. 4 support the proposal, 6 support that it be changed to only the first bullet point and 3 companies suggest waiting for either NR NTN and/or SA3 to respond to the RAN2 LS.
The companies supporting inclusion of UE location in Rel17 argue that requirements for low power consumption and the higher preponderance of fixed UEs in IoT NTN make reporting of UE position more efficient for IoT NTN than for NR NTN. Some companies supportive of delay reporting have also proposed reporting the full TA via Msg3 and a differential TA thereafter – even though two company express the worry that differential TA reporting may lead to TA error build up.
On the issue of waiting for the SA3 response to the RAN2 LS, FL thinks we have a lot to work through if UE location has to be reported. It is probably better to proceed in the same way as RAN2 by discussing these additional issues while waiting for the SA3 response.
FL therefore proposes that companies consider these arguments and the fact that RAN1 time to work on these is limited and make their views known on the proposal to allow the network to choose what quantity should be reported for the determination of UE-specific TA.
FL Proposal 5.1.3-1:
For UE specific TA reporting, the contents of the report can be:
· A delay
· Down select from: 
· Option 1: UE specific TA, 
· Option 2: UE full TA, 
· Option 3: differential UE specific TA 
· Option 4: differential full UE TA. 
· Option 5: UE full TA via Msg3 + differential full UE TA thereafter
· UE location 

	Company
	Support/Not Support
	Comments

	Apple
	Not support
	At this moment, we can only accept the first bullet. For the UE location reporting, we think it is out of RAN1 scope, as the GNSS information is not discussed in RAN1. 

	ZTE
	Not support
	Regarding the contents of the TA report, there isn’t any difference with the discussion in NR-NTN, so the solution can just follow that of NR-NTN as usual.
Regarding event trigger mechanism, there’s critical difference between IoT-NTN and NR-NTN, and we should also address this issue in this meeting. 
For example, the latency and signaling overhead required to complete the reporting procedure would be huge for an IoT UE, especially considering the larger repetition number for each DL and UL transmission. Basically, even if event trigger mechanism was used, a simplified procedure e.g., using 1 bit to trigger the TA reporting during the RRC connected mode was preferred. 

	Huawei, HiSilicon
	Support
	We don’t think that RAN1 has a lot of work to do regarding the UE reporting its location, and this reporting options has to be retained in the agreement.

	Xiaomi
	Not support
	We share the view that we only need to discuss the first bullet.

	OPPO
	
	Considering that the same issue has been discussed in NR-NTN, we think it is better to follow the conclusion of NR-NTN. If we have to choose an option, we prefer option 2. Because option 2 does not bring additional complexity to UE.

	Nokia, NSB
	Support
	We think it is reasonable to keep both and let network to select the best choice for different cases considering the overhead/resource/power consumption etc.
UE reporting coarse location is already supported by RAN3. From RAN1, there is not much additional work to do for TA maintenance but just reuse the report for RAN3 purpose.
While for reporting TA, we also has same concern as Qualcomm on the differential TA. Additionally, TA reporting will request much resource, considering the repetition of IoT UE. Additionally, TA reporting will also occupy the time that will impact on other UL or DL service. Finally, when using reporting TA, network also need to consider whether the reported TA is still valid when received it.

	Ericsson
	Not support
	We prefer to reuse the solutions in NR NTN with the change if needed.

	Samsung
	Not support
	We are fine to further discuss the first bullet.

	SONY
	Support
	Some companies suggest that we just follow the NR NTN solution as there isn’t any different between NR NTN and IoT NTN for TA reporting. However, we think that there is a difference. IoT-NTN devices are power constrained and transmit small messages. We don’t want to increase UE power consumption by requiring the IoT-NTN UE to send frequent TA reports. The number of reports is reduced if the UE just reports UE location.
The proposal is that the UE can request either type of report (TA or location). Hence, the network can decide which report type is most appropriate for the conditions / scenario.



[bookmark: _Toc85568948]FOURTH ROUND Discussion on UE-Specific TA Quantity
No convergence amongst companies.
FL will allow Proposal 5.1.3-1 to be discussed at the GTW of Oct 19, 2021.

[bookmark: _Toc85568949]The granularity of the reported quantity
[bookmark: _Toc85568950] Companies’ Observations and Proposals
	Huawei
	Observation 4: The calculation latency of eNB is not a major issue, since the UE-specific TA is mainly used for scheduling where granularity is one slot.
Observation 6: For UE location reporting, a coarse indication is sufficient.

Proposal 2: For stationary or low speed UE, the UE reports a coarse location for calculation of UE specific TA at the gNB side.
Proposal 3: For IoT-NTN, differential indication with granularity of one slot is adopted for UE-specific K_offset update.
Proposal 4: For UE moving at high speed, a coarse location can be reported for UE-specific TA and a differential value with granularity of one slot can be reported for UE-specific TA update. 

	Spreadtrum Communications
	Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.

	MediaTek Inc.
	Observation 3: The granularity and frequency of UE-specific differential TA report is of same order than that for the UE-specific differential K_offset update – i.e.
· UE-specific differential TA report with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential TA report with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential TA report total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the UE TA report can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the TA report as it only needs to be updated at most every 391 seconds. The overhead is not significant.  

	CATT
	Proposal 8: Utilize ms or subframe as the unit of reported TA.

	Nokia, Nokia Shanghai Bell
	Observation 6: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.

	OPPO
	Proposal 3: The granularity for reported information is slot.

	Intel
	Proposal 1: Coarse granularity can be considered for reporting of UE-specific TA (e.g. one subframe or slot)

	Apple
	Proposal 5: For UE specific TA reporting, the contents of report are differential UE specific TA or differential UE’s full TA with coarse granularity (e.g., subframe-level granularity).  



[bookmark: _Toc85568951]Signaling overhead
[bookmark: _Toc85568952]Companies’ Observations and Proposals
	Huawei
	Observation 2: Either reporting UE-specific NTA, UE-specific or UE-specific full TA, the overhead are very large if they are applied for each reporting instance.

Observation 5: For a stationary or low speed UE, calculating UE specific TA at the network side could save the signalling overhead and UE complexity.

	MediaTek Inc.
	Observation 3: The granularity and frequency of UE-specific differential TA report is of same order than that for the UE-specific differential K_offset update – i.e.
· UE-specific differential TA report with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential TA report with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential TA report total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the UE TA report can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the TA report as it only needs to be updated at most every 391 seconds. The overhead is not significant. 
Observation 4: Report of UE-specific location with 23 bits is comparable to the total UE-specific differential TA overhead of 16 bits within time the UE is in coverage of satellite of up to 2 minutes. 
Observation 5: Because of low update rate of UE-specific TA report, there seems to be no significant gain in signalling overhead if UE location report is used. The complexity and security issues associated with reporting, processing, and latency of UE location in the core network also need to be taken into account.

	CATT
	Proposal 6: Reporting differential TA between current TA and previous TA is preferred.

	Nokia, Nokia Shanghai Bell
	Observation 1: Reporting each UE specific Timing Advance change leads to high uplink signalling load and power consumption, even for stationary UE.

Observation 2: for stationary UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for Location reporting.

Observation 3: for moving UE, frequency of TA reporting will also be much larger than location reporting, considering the relative slow speed of UE compared to the satellite. 

Observation 6: Defining a TA reference, based on UE location, can minimize signalling overhead, because network and UE can both predict TA. UE only needs to report if it has moved.

	OPPO
	Proposal 3: The granularity for reported information is slot.

	Intel
	Proposal 2: 
Support one of the following alternatives to decrease UE-specific TA reporting overhead
· Alt 1. Reporting of information to extrapolate/interpolate UE-specific TA
E.g. series of values with differential encoding scheme
· Alt 2. Reporting of UE location (based on GNSS) 

	ZTE
	Proposal-7: For the subsequent TA reporting if required in IoT case with short transmission, indication of differential value (e.g., via one bit) can be considered to reduce the signalling overhead. 

	Apple
	Proposal 6: Support at least event triggered TA reporting. 




[bookmark: _Toc85568953]Frequency of reporting
[bookmark: _Toc85568954]Companies’ Observations and Proposals

	Huawei
	Observation 5: For a stationary or low speed UE, calculating UE specific TA at the network side could save the signalling overhead and UE complexity.
Proposal 5: For UE-specific TA indication, support the combination reporting of a stationarity indication and differential TA compared to the last report.

Proposal 6: UE request TA reporting resources based on its speed to help eNB configure semi-static resource for differential TA reporting


	MediaTek Inc.
	Observation 3: The granularity and frequency of UE-specific differential TA report is of same order than that for the UE-specific differential K_offset update – i.e.
· UE-specific differential TA report with granularity of 2 slots scaled by a factor 2µ has an overhead of 3 bits for LEO@600 km and 4 bits for LEO@1200 km, and 3 bits for GEO@35786 km.
· UE-specific differential TA report with granularity of 3 slots scaled by a factor 2µ has an overhead of 2 bits for GEO@35786 km.
· The maximum UE-specific differential TA report total overhead within a maximum LEO satellite coverage time of 2 minutes is 16 bits.
· For LEO@600 km and LEO@1200 km, the UE TA report can be updated at most once per 22 seconds and once per 33 seconds respectively.
· For GEO, it may not be necessary to update the TA report as it only needs to be updated at most every 391 seconds. The overhead is not significant. 
Observation 4: Report of UE-specific location with 23 bits is comparable to the total UE-specific differential TA overhead of 16 bits within time the UE is in coverage of satellite of up to 2 minutes. 
Observation 5: Because of low update rate of UE-specific TA report, there seems to be no significant gain in signalling overhead if UE location report is used. The complexity and security issues associated with reporting, processing, and latency of UE location in the core network also need to be taken into account.

	CATT
	Proposal 4: For UE_specific TA reporting, both event triggered and periodic methods should be supported.

	Qualcomm
	Proposal 1: A UE reports the UE-specific TA to the network when the previously reported value differs from a current value by a pre-determined threshold. 

Proposal 2: The UE-specific TA is reported in an uplink semi-persistent scheduling (UL-SPS) message, such as the one used for reporting buffer status reports (BSRs) in NB-IoT.


	Nokia, Nokia Shanghai Bell
	Observation 1: Reporting each UE specific Timing Advance change leads to high uplink signalling load and power consumption, even for stationary UE.

Observation 2: for stationary UE, frequency of TA reporting will be much larger, e.g. 6-11 times in some cases, than for Location reporting.

Observation 3: for moving UE, frequency of TA reporting will also be much larger than location reporting, considering the relative slow speed of UE compared to the satellite. 

	OPPO
	Proposal 2: Support UE requesting K offset update to the network in an event triggered manner.

	Intel
	Proposal 2: 
Support one of the following alternatives to decrease UE-specific TA reporting overhead
· Alt 1. Reporting of information to extrapolate/interpolate UE-specific TA
E.g. series of values with differential encoding scheme
· Alt 2. Reporting of UE location (based on GNSS) 


	ZTE
	Proposal-9: The network request based TA reporting should be supported.

	Apple
	Proposal 6: Support at least event triggered TA reporting. 



[bookmark: _Toc85568955]Means of reporting
[bookmark: _Toc85568956]Companies’ Observations and Proposals

	Huawei
	Proposal 6: UE request TA reporting resources based on its speed to help eNB configure semi-static resource for differential TA reporting

	MediaTek Inc.
	Proposal 2: For initial access, the UE-specific full TA is reported by MAC CE.

Revised Proposal 3: The UE-specific TA is reported by UE on MAC CE with following options for further discussions:
· UE-specific full TA 
· UE-specific differential TA determined as the difference between the cell-specific TA and the UE-specific TA 

	CATT
	Proposal 7: Using RRC signaling or MAC signaling to report TA can be supported.

	Qualcomm
	Proposal 2: The UE-specific TA is reported in an uplink semi-persistent scheduling (UL-SPS) message, such as the one used for reporting buffer status reports (BSRs) in NB-IoT.

	Sony
	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.

	Lenovo, Motorola Mobility
	Proposal 2: UE report the TA value in msg3 and report the TA value in the following NPUSCH, the TA can be propagation delay/UE-specific TA (reflecting all or partial of round-trip delay) (e.g., one way delay, excluding the feeder link delay).

Proposal 3: Differential TA value can be reported in msg3 or NPUSCH and the differential TA can be the relative value to 1) broadcast common TA; 2) configured cell specific Koffset; 3) (previous) reported TA.


	Nordic Semiconductor ASA
	Proposal-3: UE reports its UE-specific TA at least in MSG3 and eNB configures UE-specific  that is larger than total TA at least in MSG4.
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[bookmark: _Toc85568959]Companies’ Observations and Proposals
	FGI, Asia Pacific Telecom, III, ITRI
	Observation 1: RAN1 shall ensure whether Group WUS and WUS can be supported
Proposal 7: An NB-IoT over NTN UE using NWUS shall assume there are at least X NB-IoT DL subframes between the end of the maximum duration of NWUS and the first associated NB-IoT paging occasion subframe. FFS: the value of X.



[bookmark: _Toc85568960]SECOND ROUND Discussion on WUS Configuration
Power saving for IoT NTN has previously been discussed at RAN1. It can be argued that this does not fall under the minimum essential functionality directive of RANP, nevertheless, the IoT NTN WID asserts that:
.”Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage”
Based on the above, FL thinks that reconfiguration of WUS to adapt it for IoT NTN is in scope of the WID. FL would like to canvass the opinion of companies on the question of whether adaptations to the WUS procedure are necessary for IoT-NTN and whether they are in the purview of RAN1. 
FL Survey 6.1.2-1
Does the WUS / NWUS procedure need to be adapted for IoT-NTN? If yes, then what adaptations are required and are these adaptations within RAN1 scope or RAN2 scope?

	Company
	WUS adaptations required?
	Comment (what WUS adaptations are required and whether in RAN1 or RAN2 scope)

	ZTE
	No
	We don’t see the necessary to enhance the DL timing between the end of NWUS and the first associated paging occasion.

	Nokia, NSB
	Yes
	With large number of devices camped under single NTN cell, WUS adaptation is essential from power saving perspective. Adaptation of WUS in moving cell scenario would require some additional changes over the feature which was defined for terrestrial fixed cells.
The adaptation could be mainly in RAN2 scope.

	OPPO
	No
	It is unnecessary to enhance the current WUS/NWUS .

	SONY
	Yes
	We think that this needs looking at in more detail.
Allowing sufficient time between WUS and PO would allow the UE to only perform a GNSS measurement if there was the potential that the UE could be paged.

	CATT
	No
	WUS adaptations  can be discussed  in RAN2 scope.

	MediaTek
	No
	The WUS is scheduled on the DL with a configured gap before the corresponding (N-)PDCCH with DCI for paging. These gaps are not very long. There is no impact on UL transmission to our understanding that would require enhancements in Rel-17. The issue of GNSS measurements in RRC_IDLE can be resolved by configuration of paging timers which are not specified in 3GPP and up to core network implementation as discussed in 8.15.1 track. .

	Apple
	No
	WUS adaptations can be discussed by RAN2.

	CMCC
	No
	For RAN1 perspective, there seems no enhancement on WUS is needed.
Regarding the proposal of extending the time interval between WUS and PO, we think UE is not needed to perform GNSS measurement between WUS and PO. In fact, UE can perform GNSS measurement after PO, as discussed in 8.15.1.
 
First Round Proposal– Section 2.3-1
Conclusion 
Acquisition of GNSS position fix during paging procedure is up to UE implementation and network configuration of paging timers.




[bookmark: _Toc85568961]THIRD ROUND Discussion on WUS Configuration
Of the 8 companies commenting on this issue, 6 think no enhancement is needed. Only 2 companies think some enhancement is needed to the duration of time between the WUS and the Paging Occasion.
FL Recommends that this issue be not further discussed at this meeting.

[bookmark: _Toc85568962]RRC Parameters

Our views are provided in this section regarding the list of RRC parameters on timing relationship enhancement for IoT-NTN [8]. Given the current progress, all parameters listed in the Error! Reference source not found., should be removed from the list. More specifically, similar as NR-NTN, only the MAC CE updates on the K_offset may be needed, and no additional RRC parameter is needed. 
For the TA report related parameter, there is no agreement to justify the new RRC parameter and based on the proposal in Section 3, the solution can be done without any RRC impacts once the granularity for report is fixed. 

[bookmark: _Toc85568963]Companies’ views and proposals

	ZTE
	Proposal-12: The updates on the RRC parameters listed in Table-1 should be supported. 

	GateHouse
	Unclear what table 1 is referring to.

	
	

	
	



FL comment: there is a separate ongoing discussion on RRC parameters. So this has not been discussed here.

[bookmark: _Toc85568964]Appendix A

Note that in the SI phase, we made the following conclusion:

Conclusion: 
The description of timing relationships for eMTC and NB-IoT in Rel-16 do not take the TA into account in general.
· Note: Exceptions to this may be identified as work on eMTC and NB-IoT over NTN progresses further.

Therefore, the specification already works for the case where DL & UL timing are aligned at the eNB, as illustrated by the figure below. (Note that similar spec text exists in RAN2 MAC spec.) In other words, the UE-eNB RTT has been implicitly incorporated already.

[image: ]
Here are a few clarifications:
1. In NR, the RA window is described in a different way. It does not use explicit numbering such as subframe n and subframe n + 4, as in the current spec. That’s the background of the following NR-NTN agreement: 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac. How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.
2. In PUR of IoT NTN, we have explicit numbering with subframe n and subframe n + 4, which makes the text work for the case where DL & UL frame timing are aligned at BS. 
3. In fact, there is a similar case under discussion in NR NTN related to beam failure recovery procedure, which is sort of a RA procedure and has explicit numbering of slot n and slot n + 4. For that, the change needed is to revise the slot n + 4 to slot n + 4 + K_mac.
4. So on how to address the case where DL & UL frame timing are NOT aligned at BS. The short answer is to revise the slot n + 4 to slot n + 4 + K_mac, as illustrated in the figure below.
[image: ]
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