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Introduction
[bookmark: _Hlk22834419]A WID on NB-IoT/eMTC support for NTN was approved in RAN#92-e [1]. One objective is related to timing relationships enhancements.
	Specify the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.


This contribution discusses the remaining aspects of timing relationship enhancements for NTN IoT. RAN1#106-e agreements are listed in the Appendix.
Timing relationships
Several timing relationships were agreed in RAN1#106-e for NB-IoT and for eMTC [2]. There are few remaining timing relationships that need further discussion.

NPDCCH order to NPRACH
An enhancement of the timing relationship of a preamble transmission initiated by a PDCCH order channel was identified as an FFS during the SI phase [2]. In RAN1#106-e [3] it was decided to wait for NR NTN to conclude on this same topic before addressing it in NTN IoT. In RAN1#106-e in NR NTN it was agreed that the UE transmits in a PRACH occasion after  slots from the slot where the PDCCH order was received. 
RAN1#106-e, NR NTN
	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.





For terrestrial NB-IoT, 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. Similar to the timing relationships of other channels agreed to be enhanced for essential minimum functionality in NTN, an additional delay k_offset needs to be added to k2 to take into account the large round trip delay. The gNB would then have knowledge of when to expect a NPRACH transmission.

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.


NPRACH preamble retransmission
In terrestrial NB-IoT [4, Clause 16.3.2], 
· If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, or 
· 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, or 
· If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded,
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 (subframe n is a DL frame).
This timing relationship for PRACH retransmission should also apply for NTN IoT with an additional delay offset. In RAN1#106-e it was agreed that when a RAR is received and the corresponding DL-SCH transport block ending in subframe n contains a response to the transmitted preamble sequence, the corresponding Msg3 is transmitted on NPUSCH format 1, with a delay of k_offset as compared to transmission as per current specification. When a new preamble sequence, instead of a Msg3, should be transmitted, a delay of k_offset should be applied. Similar adjustment is needed for eMTC.

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.


[bookmark: _Ref80215195][bookmark: _Toc80991986]NPUSCH using pre-configured uplink resource
For NB-IoT in TN, for a NPUSCH transmission in pre-configured uplink resources 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. In NTN a delay of should be applied (similar to the delay applied for monitoring NPDCCH after a PUSCH transmission in scheduled resources). Similar timing adjustment is needed for pre-configured uplink resources for eMTC. 

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.

Regarding the support of pre-configured uplink resources for NTN-IoT in Rel-17, adjustments of timing relationships and UE acquiring a valid TA are needed also for the operation in pre-configured uplink resources. These are fundamental enhancements for IoT over NTN and are specified in Rel-17. Thus, preconfigured uplink resource feature should be supported in Rel-17 for IoT over NTN.
Proposal 4: Support pre-configured uplink resource feature for IoT over NTN in Rel-17.
[bookmark: _GoBack]
Conclusion
This contribution discusses remaining aspects related to timing relationship enhancements for NTN IoT. Proposals made in this contribution are summarized below.

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.

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.

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.
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Appendix
RAN1#106-e 8.8.2 Agreements
	Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
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.

Agreement:
For eMTC, the ending time for DL physical resources forming a CSI reference resource set is advanced by Koffset as compared to current specification.

Agreement:
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.

Agreement:
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.

Agreement:
For IoT NTN, support cell-specific Koffset configuration for use during initial access.

Agreement:
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.

Agreement:
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.




Page 4
oleObject1.bin

image1.wmf
2

nk

+


image2.wmf
8

2

³

k


