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1. Introduction

In RAN1 meeting #106e, the following agreements/conclusion regarding K_offset were achieved:
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 share our view on the remaining issues and potential enhanced timing relationship. 
2. Discussion

2.1. TA reporting

UE-specific TA reporting has also been discussed in IoT-NTN and there has been an agreement as follows:
Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report

Similar to the NR-NTN, it has recommended the exact content of UE reporting of information about the UE specific TA pre-compensation is UE specific TA. In order to simplify the implementation and align NR-NTN, it is also better to reporting the TA other than UE location.
Considering the analysis in NR-NTN, the exact content of UE reporting of information can be UE specific TA which is corresponding to the RTT between UE and the serving NTN satellite or the full-TA which is corresponding to the RTT between UE and gNB. This method is simple to implement. If content is UE specific TA, network need to obtain the K_offset with common TA and other values. For reporting the full-TA, the network can directly broadcast K_offset to UE based on full-TA.
If reporting the differential value, it may have the same problem with NR-NTN. And the scheme of reporting a stationarity indication only be realized in combination with other schemes which will increase signaling overhead.
After reporting TA is performed in initial access, the network can update the K_offset with dedicated RRC signaling. After the UE dedicated RRC configuration, we think that the UE is not needed to periodically report the updated TA. Instead, the UE reporting could be an event-based. However, in this case, we suggest that the reported content is not a TA but a simple K offset update request. The design of such request can be similar to a scheduling request. 

Considering that TA reporting is to obtain the K_offset value at the gNB, in order to align with the scheduling timing, the granularity for reported information should preferably be slot.

Proposal 1: Support reporting UE specific TA or full-TA.
Proposal 2: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 3: The granularity for reported information is slot.

2.2. NPUSCH using PUR
The PUSCH/NPUSCH transmission using preconfigured uplink resource has been applied in TN system. But in IOT-NTN system, this does not seem to be the most important issue. The essential issue is how to synchronize UE and gNB and how to maintain TA in idle state and other potential problems. We think it is better to discuss the above issues before discussing the timing relationship for PUR. However, in AI 8.15.1, the UE maintaining synchronization in idle mode does not seem to be discussed. In this case, in our understanding, even the timing relationship for PUR is addressed, this PUR feature cannot fly for R17. For this reason we suggest to postpone the enhancement for PUR to the next release. 
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. 

2.3. Timing relationship about preamble retransmission 

For this issue, the current spec is described as follows:
TS 36.213, Section 6.1.1 specifies that for eMTC:

b)
If a random access response is received in subframe n, and the corresponding DL-SCH transport block 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 in subframe n+5.

c)
If no 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 in subframe n+4, except if the transmitted preamble sequence is on a TDD serving cell not configured for PUSCH/PUCCH transmission.

TS 36.213, Section 16.3.2 specifies that for NB-IoT:

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.
Based on the existing specification, there are two alternative understandings. 
One alternative understanding is assuming that the “no later than in subframe n+5” or “no later than in subframe n+4” or  “no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n”  has not taken into account the TA. In this way, the enhancement is needed. Another alternative understanding is assuming that TA has been taken into account when UE transmits a new preamble. Therefore, the enhancement is not needed.
In our understanding, whether enhancement is needed or not depends on the understanding of “subframe n” as in figure 1. If the “subframe n” refers to the “UL subframe n”, the enhancement is needed. Otherwise, it is unnecessary. Therefore, the key problem is that we should reach an agreement on the understanding of “subframe n”, and then we support either understanding.
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Figure 1  the two understanding of “subframe n”
Proposal 5: It should reach an agreement on the understanding of “subframe n” before discussing the preamble retransmission. 
2.4. Scheduling time relationship for NPDCCH monitoring

In the current specification, when the UE is configured with one HARQ process and the UE receives a NPDCCH ending in subframe n, that schedules a NPUSCH starting in subframe n+k, the UE is not required to monitor the NPDCCH from the subframe n+1 up to the subframe n+k-1. 

However, in NTN context, we have agreed that an K offset should be introduced for the NPUSCH resource allocation, i.e. n+k+K offset. In this case, the actual NPUSCH starting location will be delayed as shown in Fig. 2. Thus, it is necessary to discuss whether the legacy monitoring restriction is still applied for modification is needed to also enlarged the non-monitoring zone up to n+k+K offset. If the legacy restriction is retained, it implies that the UE may start to monitor the NPDCCH before the NPUSCH is transmitted as illustrated in the Fig. 2. 
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Figure 2: legacy NPDCCH monitoring restriction when one HARQ process is configured.
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. 

3. Conclusion

In this contribution, we have discussed some of the topics selected in the new WID for NTN-IoT R17, the following proposals are presented for RAN1 to consider.
Observation 1: the legacy NPDCCH monitoring restriction may be not be suitable for NTN system due to the change of scheduling time relationship. 

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

Proposal 2: Support UE requesting K offset update to the network in an event triggered manner.
Proposal 3: The granularity for reported information is slot.
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. 

Proposal 5: It should reach an agreement on the understanding of “subframe n” before discussing the preamble retransmission. 
Proposal 6: RAN1 should discuss if the legacy NPDCCH monitoring restriction is still valid. 

4. Reference

[1]     R1-2108637_AI8_15_2_FL Summary IoT NTN Timing Relationships 

[2]     3GPP TS 36.213 v16.3.0
Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (Release 16)
n
gNB  DL
gNB  UL













n













n
UE  DL
UE  UL
...

n + 12/4/5




n














n + 12/4/5


12/4/5
K_offset+12/4/5



