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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#106-e meeting, the following agreements were achieved on timing relationship enhancements for  IoT-NTN [1].
	[bookmark: _Hlk61428717]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.


In this contribution, we discuss the timing relationship enhancements on NB-IoT/eMTC over NTN.
2. Discussion
The propagation delay in NTN ranges from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type, which is much longer than that in TN systems. Therefore, some issues about timing relationship need to be discussed and further enhanced.
2.1. Preamble retransmission timing relationship
In TS 36.213 section 6.1.1, UE's uplink transmission timing after a random access preamble transmission is given for eMTC. If the UE fails to receive RAR to a recent PRACH transmission in the subframe n where it is 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. 


Figure 1: Preamble retransmission timing relationship for eMTC
As shown in the Figure 1, due to the large propagation delay in IoT NTN, the UE needs to apply an extended TA, the uplink subframe n+4 or n+5 may be earlier than the downlink subframe n which means the UE should complete retransmission of the preamble before UE realizes that it has failed to receive RAR to a recent PRACH transmission. Hence, timing relationship enhancement is necessary.
Proposal 1: For eMTC in NTN, support to introduce K_offset to enhance the timing relationship of preamble retransmission.
In TS 36.213 section 16.3.2, UE's uplink transmission timing after a random access preamble transmission is given 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. 


Figure 2: Preamble retransmission timing relationship for NB-IoT
As shown in the Figure 2, 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. Hence, timing relationship enhancement is unnecessary.
Proposal 2: For NB-IoT in NTN, not support to enhance the timing relationship of preamble retransmission.
2.2. M/NPDCCH order to PRACH

In TS 36.213, the timing relationship for M/NPDCCH order PRACH is given. If a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start the transmission of random access preamble at the end of the first subframe [image: ], where a NPRACH resource is available. For eMTC, [image: ], and for NB-IoT, .
[bookmark: _Hlk82867834][bookmark: _Hlk82867977]Due to the large propagation delay in IoT NTN, eNB has to blindly detect the preamble indicated by the PDCCH order many times. In last meeting, it was agreed that K_offset is introduced to enhance the timing relationship of PDCCH ordered PRACH in NR NTN. Same as NR NTN, K_offset can be also used to reduce the blind detection burden at eNB side. Compared with cell-specific K_offset, UE-specific K_offset has finer granularity, which can effectively reduce the delay of PRACH transmission. Even if the UE-specific Koffset is inaccurate, the blind detection burden will also be greatly reduced on the gNB side by the enhancement of the UE-speicific K_offset. Hence, if UE-specific Koffset is configured, the UE-specific K_offset can be used to enhancement the timing relationship for M/NPDCCH order PRACH. Otherwise, the cell-specific K_offset applies to the ordered PRACH.
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.
2.3. PDCCH monitoring restrictions
In IoT, UE in FDD-HD mode and cannot transmit and receive simultaneously. In current specifications, there are regulations about the subframes in half-duplex transmissions during which the UE is not expected to monitor NPDCCH either because the UE is preparing to receive scheduled DL transmissions such as NPDSCH or the UE is preparing to execute UL transmissions such as NPUSCH.
For DL transmissions such as NPDSCH, according to the description in TS 36.213, the timing is defined solely from DL timing perspective, without DL and UL timing interaction. Current restrictions on NPDCCH monitoring for DL transmissions can be reused for large TA scenario.
For UL transmissions such as NPUSCH, the constraints for UE monitoring NPDCCH described in TS 36.213 as below:
	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
……


As shown in the Figure 3, the NPUSCH transmission starts from subframe n+k, as the “green subframe” in the figure. According to the specification, UE won’t monitor NPDCCH from subframe n+k-2 to subframe n+k-1, as the “red subframe” in the figure. For TN, the UE is preparing to execute the NPUSCH transmission in the “red subframe”. For NTN, due to the extended TA applied at UE side, the UE should prepare to execute the NPUSCH transmission from subframe n+k-10 to subframe n+k-9, as the “yellow subframe” in the figure, and the UE will not monitor NPDCCH in those subframes. If there is an NPDCCH sent on the “yellow subframe”, the UE will miss it. On the contrary, the UE can monitor NPDCCH in the “red subframe”. Hence, the current specification for NPDCCH monitoring restrictions of UL transmissions should be modified in IoT NTN.
Observation 1: In IoT NTN, the current specification for NPDCCH monitoring restrictions of UL transmissions should be modified.


Figure 3: An example of PDCCH monitoring restrictions
According to the description above, the corresponding NPUSCH format 1 transmission starts from n+k which refers to uplink subframe n+k. The corresponding DL subframe index is n+k-K_TA at this time, where the unit of K_TA is subframe and the value of K_TA is derived from TA in UE side. The TA in TN is too small to influence the location of the subframes, and the K_TA can be considered as 0. For IoT NTN, the TA can be large enough and so can change the index of the DL subframe. Therefore, K_TA can be introduced to modify the restrictions on NPDCCH monitoring of UL transmissions.
[bookmark: OLE_LINK3]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.
3. Conclusion
In this contribution, some issues on timing relationship enhancements on NB-IoT/eMTC over NTN were discussed with the following proposals:
Observation 1: In IoT NTN, the current specification for NPDCCH monitoring restrictions of UL transmissions should be modified.
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.
Proposal 3: Support to introduce K_offset to enhance the timing relationship of M/NPDCCH order to PRACH.
· UE-specific K_offset is used if it’s configured, otherwise, cell-specific K_offset is used.
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.
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