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1 Introduction

In 3GPP RAN1 106e meeting, the following agreements were made [1] on the timing relationship enhancement for NB-IoT/eMTC.
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

In this contribution, we present the discussion on the remaining issues related to the timing relationship enhancements applicable to the NB-IoT and eMTC over NTN.
2 Discussion
2.1.1 Timing relationship
NPDCCH ordered PRACH

The UE behaviour for receiving a PDCCH ordered NPRACH transmission is specified as follows for NB-IoT [3]:
“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: image18.png]gNB DL
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UE is configured with NPRACH resource by high layer signalling. Then based on the detection of a “PDCCH order” in subframe n, UE can transmit preamble after the first available subframe n+8. In our understanding, the exact “available subframe” is not specified in the spec. UE can select the available subframe to transmit the PRACH based on the PDCCH timing. From the eNB side, it needs to blind detect the UE’s PRACH transmission. However, this detection complexity can be alleviated based on additional information such as K_offset if introduced. It was agreed that in [1] for random access procedure initiated by a PDCCH order received in downlink slot [image: image3.png]


, UE determines the next available PRACH occasion after uplink slot [image: image4.png]N+ Koffeor



  to transmit the ordered PRACH. Similar agreement can be made for IoT NTN.
Proposal 1: For random access procedure initiated by a NPDCCH order received in downlink slot [image: image5.png]
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   to transmit the ordered NPRACH.
Preamble retransmission
Another timing relationship raised in previous meetings is the preamble retransmission. The UE behaviour for preamble retransmission for NB-IoT is described as follows [3]:
“b) 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, 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.

c) 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.

d) 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.”
The UE behaviour for preamble retransmission for NR UE is described as follows [3]:

“If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding LSBs of the SFN where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE is expected to transmit a PRACH no later than [image: image7.wmf]75
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 symbols corresponding to a PDSCH processing time for UE processing capability 1 assuming [image: image10.wmf]m
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It is clear that the “last symbol” refers to a DL symbol. In this case, no K_offset is needed. However, for NB-IoT, it is not clear if the “subframe n” is a DL subframe or a UL subframe. We prefer to consider enhancement of preamble retransmission for a safe design.
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.
2.1.2 HD-FDD
In the NB-IoT design, only HD-FDD is supported. This may have impact on the timing relationship for IoT NTN. In one aspects, the whole transmission link is consisted of the service link and feeder-link, the gNB can be aware of the transmission delay on the feeder-link assuming the RP is set on the Sat. However, the gNB is not aware of the UEs’ position, and thus, the transmission delay on the service link is not available at the gNB side. This may introduce interrupted transmissions for the half duplex UEs. 

[image: image15]
Fig 1: Illustration of interrupted transmission

It was agreed in last meeting that UE-specific TA reporting is supported in IoT-NTN. The detailed content and mechanism for TA reporting is still FFS. 
For the content of UE reporting, the following options represent quantities that can be considered for signalling to set and update the UE-specific TA (only some may be supported) [4]
· Option 1: UE-specific NTA, UE-specific 

· Option 2: UE-specific full TA applicable to UL transmission

· 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

For option 2, we don’t see a need to report the UE-specific full TA as the common TA is maintained and indicated to UE. The eNB and UE should have the same understanding on which common TA is applied.

For option 3, we have concern on the security and privacy issues by reporting UE’s location. We don’t need to discuss this option unless no security issues are confirmed by SA3.

For the options that reporting K_offset related information, as the UE-specific K_offset is derived from the UE-specific TA, it is more straightforward to report the UE specific TA information directly.

For option 7, the stationarity indication is relying on the UE’s location reporting, as this option have the benefits of signaling overhead reduction, we can further discuss this option later.

Based on the analysis above, we prefer that the content of UE reporting is the UE-specific TA. Meanwhile, reporting a differential value can save the signaling overhead.
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.

3 Conclusions

In this contribution, we present the discussion on the timing relationship enhancements applicable to the NB-IoT and eMTC over NTN. Based on our analysis, we have the following proposals:
Proposal 1: For random access procedure initiated by a NPDCCH order received in downlink slot [image: image16.png]


 , UE determines the next available NPRACH occasion after uplink slot [image: image17.png]N+ Koffeor



   to transmit the ordered NPRACH.
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.
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.
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