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1	Introduction
In RAN#92-e, a Rel-17 Work Item (WI) on IoT NTN was approved to specify support of NB-IoT and eMTC over NTN [1]. The overall objective is as follows.
The objective of this Work Item is to specify support of NB-IoT and eMTC over NTN. Work on both NB-IoT and eMTC will start in August 2021 meetings.
Enhancements shall be specified as described hereafter with the following assumptions:
· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 
· GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
· NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.
· Transparent payload


An overview of 3GPP non-terrestrial networks can be found in [2] and an overview of state of the art in LEO satellite access can be found in [3]. eMTC and NB-IoT are complementary technologies that can address different types of IoT NTN use cases based on their unique capabilities [4][5]. RAN1 agreements for this WI on IoT NTN are summarized in Annex A. In this contribution, we share our views on the rest issues about timing relationship for PUR and UE-specific TA maintenance and reporting in IoT NTN.
[bookmark: _Ref54287404]2	Timing relationships
The timing relationship for PUR in LTE was agreed in RAN1#98 meeting with the details below.
	Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 
· FFS whether/when the UE is monitoring for early termination during the PUR transmission 




The corresponding description in TS 36.213 is
· If the UE has initiated a PUSCH transmission using preconfigured uplink resource ending in subframe n, the UE shall monitor the MPDCCH UE-specific search space in a search space window starting in subframe n+4 with duration given by higher layer parameter pur-MPDCCH-SS-window-duration. Upon detection of a MPDCCH with DCI format 6-0A/6-0B with CRC scrambled by PUR-RNTI intended for the UE within the search space window and the corresponding DCI is for PUR ACK/fallback indication (as defined in [4]), the UE is not required to monitor the MPDCCH UE-specific search space for the remaining search space window duration.
· If the UE has initiated a NPUSCH transmission using preconfigured 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 with duration given by higher layer parameter pur-SS-window-duration. Upon detection of a NPDCCH with DCI format N0 with CRC scrambled by PUR-RNTI intended for the UE within the search space window and the value of "modulation and coding scheme" field ([image: ]) in the corresponding DCI is set to '14', the UE is not required to monitor the NPDCCH UE-specific search space for the remaining search space window duration.

Therefore, the subframe n+4 in the description of TS 36.213 above means the uplink subframe n+4 as shown in the figure below. 


Figure 1 Timing relationship of PUR in LTE terrestrial network 

If there is no enhancement in IoT NTN, then the PUR search space window at the UE side may start before the eNB receives the PUSCH/NPUSCH from the UE as shown in Fig. 2.   


Figure 2 Timing relationship of PUR in LTE terrestrial network for IoT NTN 

There are two potential options for the enhancement of timing relationship of PUR in IoT NTN.
· Option 1: The PUR search space window for the detection of downlink MPDCCH/NPDCCH scrambled by PUR-RNTI starts in downlink subframe n+4+K_mac as shown in Figure 3-(a).
· Option 2: The PUR search space window for the detection of downlink MPDCCH/NPDCCH scrambled by PUR-RNTI starts in uplink subframe n+4+TA+K_mac as shown in Figure 3-(b).
Option 1 uses downlink subframe n+4+K_mac, while Option 2 uses uplink subframe n+4+TA+K_mac. Since MPDDCH/NPDCCH is transmited in downlink, Option 1 may be better than Option 2. 



(a) Option 1



(b) Option 2

Figure 3 Timing relationship enhancement for PUR in IoT NTN

[bookmark: _Toc83979773]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. 
[bookmark: _Toc83979774]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. 
[bookmark: _Toc83979775]The granularity of K_mac is subframe level.
  

3	UE-specific TA maintenance and reporting
In RAN1#106-e, it has been agreed to support UE-specific TA reporting in IoT-NTN. To minimize the network complexity, we suggest reusing the mechanism of UE-specific TA maintenance and reporting in NR NTN for IoT NTN with minimum changes if any.
[bookmark: _Toc83979776]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.
Conclusion
Based on the discussion in the previous sections we propose the following:
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.
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.
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Annex A: RAN1 Agreements
RAN1#106-e
Agreements
· For NB-IoT, on receiving UL grant on DCI format N0 in subframe n, NPUSCH Format 1 is transmitted with a delay of Koffset as compared to transmission as per current specification.
· For NB-IoT, on receiving a NPDSCH with a RAR message that ends in subframe n, the corresponding Msg3 is transmitted on NPUSCH format 1, with a delay of Koffset as compared to transmission as per current specification.
· For NB-IoT, a UE upon detection of a NPDSCH transmission for which it should provide an ACK/NACK feedback, shall transmit the HARQ ACK/NACK with a delay of Koffset as compared to transmission as per current specification.
· For NB-IoT, on receiving a timing advance command ending in DL subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.
· For eMTC, on receiving an UL grant via MPDCCH that ends in DL subframe n, PUSCH is transmitted with a delay of Koffset as compared to transmission as per current specification.
· For eMTC, on receiving a RAR in a PDSCH that ends in subframe n, PUSCH for Msg3 is transmitted with a 
delay of Koffset as compared to transmission as per current specification.
· For eMTC, when an MPDCCH ending in subframe n activates UL SPS, the time of the first subframe in which the UE is allowed to transmit SPS-PUSCH is delayed by Koffset as compared to transmission per current specification.
· For eMTC, on reception of a PDSCH ending in subframe n, the corresponding HARQ-ACK feedback on PUCCH is transmitted with a delay of Koffset as compared to transmission as per current specification.
· For eMTC, the ending time for DL physical resources forming a CSI reference resource set is advanced by Koffset as compared to current specification.
· For eMTC, for an MPDCCH received in subframe n that triggers aperiodic SRS transmission, SRS is transmitted with a delay of Koffset as compared to transmission as per current specification.
· For eMTC, on receiving a timing advance command ending in subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.
· For IoT NTN, support cell-specific Koffset configuration for use during initial access.
· For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.
· UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report

Conclusion:
In IoT NTN the initialisation of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 
NOTE: In the view of RAN1, this does not necessarily involve a specification change.

Conclusion:
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.
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