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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. One objective is to specify timing relationship enhancements for NTN. The discussion summary on this topic at RAN1#104e can be found in the feature lead summary [2], and the agreements made can be found in the Appendix.
In this contribution, we discuss the remaining issues of timing relationship enhancements for NTN.
2	On the signaling of 
2.1	 in initial access
At RAN1#102e, it was agreed that for  used in initial access, the information of  is carried in system information. 
One open issue is about how to signal the information of , i.e., the choice of implicit and/or explicit signaling. Our view is that explicit signaling is clean and more forward compatible. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage. 
[bookmark: _Toc68276392]The value of  used in initial access is signaled explicitly in system information. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage.
At RAN1#103e, it was agreed that for K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported. The open issue is whether to support the configuration that allows each beam in a cell to use a beam-specific  value. It is true beam-specific  value provides finer granularity. However, such fine granularity is not necessary for initial access. Further, currently system information is repeated across beams and is cell specific. It is not desirable to deviate from this to beam-specific system information. Sticking to this principle, a list of  values needs to be repeated across beams. Considering that an NR cell may support many beams (e.g. up to 64 beams in FR2), broadcasting a list of many  values in system information would result in much signaling overhead.

2.2	 after initial access
The value of  used in initial access is cell specific or at most beam specific. It was agreed at RAN1#104e that update of K_offset after initial access is supported. The first remaining issue is about how to update K_offset after initial access. To this end, RRC reconfiguration should be the baseline and supported. 
Another remaining issue is about the applicability of the updated value of K_offset after initial access. It should be only applicable to unicast data scheduled by DCI with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI. For cases other than the unicast scheduling, the value of K_offset signaled in system information should continue to be used so that UEs share a common understanding of the value of K_offset when they are addressed by non-unicast scheduling. To this end, it would be cleaner if the update of  after initial access is achieved by another parameter, e.g., . 
Then the full design goes as follows:
·  signaled in system information is used for non-unicast scheduling during and after initial access.
·  is used for unicast data scheduled by DCI with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI, where  is configured after initial access and is zero if not configured.
 signaled in system information is used for non-unicast scheduling during and after initial access.
 is used for unicast data scheduled by DCI with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI, where  is configured after initial access and is zero if not configured.
3	On K1 range extension
The following agreement was made at RAN1#104e to extend the value range of K1 from 0-15 to 0-31.
Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

The remaining issue is about the impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI. 
Note that the purpose of K1 range extension is to allow for more flexible network scheduling in unpaired spectrum. Currently, UE can only be configured up to 8 K1 values. If the number of K1 values that can be configured to the UE is not increased, the K1 range extension itself is of little use. This is because that without increasing the number of configured K1 values, the network can hardly use the feature to enable more flexible scheduling of UE HARQ feedback in the uplink slots of the unpaired spectrum.
Given that RAN1 has agreed to increase the K1 range, in the spirit of having a well-functioning feature, we propose that the maximum number of K1 values that can be configured to a UE is increased from 8 to 16.
[bookmark: _Toc68276390]K1 range extension needs to be combined with increased number of configurable K1 values so that the network can use the feature to enable more flexible scheduling in unpaired spectrum.
[bookmark: _Toc68276395]Increase the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
Next, we analyze the impact of increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16 on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
· In fallback DCI 1_0, the PDSCH-to-HARQ_feedback timing indicator field has a fixed number of 3 bits. Note that, according to the existing design, if a UE is provided dl-DataToUL-ACK, the UE does not expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by dl-DataToUL-ACK for the active DL BWP of a corresponding serving cell. As a result, increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16 does not have impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0.
· In non-fallback DCI 1_1/1_2, the current size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, or 3 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is currently up to 8). To support the increase of the maximum number of configured K1 values from 8 to 16, it is straightforward to update the field of configurable size to be 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is increased to 16).
[bookmark: _Toc68276391]The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0 is not impacted by increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
[bookmark: _Toc68276396]In non-fallback DCI 1_1/1_2, the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is proposed to be increased up to 16).
Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	K1 range extension needs to be combined with increased number of configurable K1 values so that the network can use the feature to enable more flexible scheduling in unpaired spectrum.
Observation 2	The size of the PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0 is not impacted by increasing the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The value of  used in initial access is signaled explicitly in system information. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage.
Proposal 2	 signaled in system information is used for non-unicast scheduling during and after initial access.
Proposal 3	 is used for unicast data scheduled by DCI with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI, where  is configured after initial access and is zero if not configured.
Proposal 4	Increase the maximum number of entries in the higher layer parameter dl-DataToUL-ACK from 8 to 16.
Proposal 5	In non-fallback DCI 1_1/1_2, the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits, depending on the number of entries in the higher layer parameter dl-DataToUL-ACK (which is proposed to be increased up to 16).

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
[bookmark: _Ref42716514][bookmark: _Ref45286859]RP-210908, “Solutions for NR to support non-terrestrial networks (NTN),” 3GPP TSG RAN #91e, March 2021.
[bookmark: _Ref51007515]R1-2102078, “Feature lead summary#4 on timing relationship enhancements,” Moderator (Ericsson), RAN1#104e, February 2021.
[bookmark: _Ref29827421]TR 38.821, Solutions for NR to support non-terrestrial networks.
Appendix: RAN1 agreements on timing relationships

RAN1#102-e:
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.


RAN1#103-e:
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.
Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.
Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.



RAN1#104-e:
Agreement:
Confirm the following working assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Agreement:
Update of K_offset after initial access is supported
Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.
Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
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