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1	Introduction
In RAN1#97, RAN1#98, and RAN1#98bis, several agreements (as cited in the appendix) were made related to physical layer control procedures for NTN. In this contribution, we provide a FL TP on physical layer control procedures for inclusion in TR 38.821 [1].
[bookmark: _Toc21433203]Endorse the TP in this contribution and include it in TR 38.821.
2 TP
********************************* Start of TP *********************************
[bookmark: _Toc8314376][bookmark: _Toc20076313]6.2		Physical layer control procedures

The need and the applicable scenarios for potential enhancements (with respect to the power control schemes in NR Rel-15) for both open-loop and closed-loop power control for NTN are to be studied.

Study the performance of AMC in NTN considering at least the following solutions (some solutions may have no specification impact):
· Prediction-based link adaptation with prediction confidence level
· AMC with CQI reflecting only long-term fading
· Additional BLER targets for CQI reporting to limit number of retransmissions and latency
· CQI offset applied by gNB
· Finer granularity of CQI
· Prediction based CQI reporting
For UL transmission timing, introduce an offset Koffset for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where [image: ] and nCSI_ref is as defined in 38.214.
· Koffset is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signalled by higher layers


6.2.1	Timing relationships
The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms in NTN. Dealing with such long propagation delays requires modifications of many timing aspects in NR from physical layer to higher layers, including the timing advance (TA) mechanism. 
In an NTN, a UE may need to apply a large TA value that leads to a large offset in its DL and UL frame timing. Figure 6.2.1-1 illustrates a scenario, where the UE applies a large TA. Various NR physical layer timing relationships need to be enhanced to cope with the large offset in the UE’s DL and UL frame timing.
[image: ]
Figure 6.2.1-1: An illustration of large TA in NTN that results in a large offset in the UE’s DL and UL frame timing. 
6.2.1.1	Background
The existing NR timing relationships are described as follows.
· PDSCH reception timing: When the UE is scheduled to receive PDSCH by a DCI, the DCI indicates the slot offset  among other things. The slot allocated for the PDSCH is , where  is the slot with the scheduling DCI, is based on the numerology of PDSCH, and  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively. The value of  is in the range of 0, …, 32.
· Transmission timing for PUSCH scheduled by DCI: When the UE is scheduled to transmit PUSCH by a DCI, the DCI indicates the slot offset  among other things. The slot allocated for the PUSCH is , where  is the slot with the scheduling DCI,  is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively. The value of  is in the range of 0, …, 32.
· Transmission timing for PUSCH scheduled by RAR grant: With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot , where  and  are provided in TS 38.214.
· Transmission timing for HARQ-ACK on PUCCH: With reference to slots for PUCCH transmissions, for a PDSCH reception ending in slot  or a SPS PDSCH release through a PDCCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 
· MAC CE action timing: When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot , where  denotes the number of slots per subframe for subcarrier spacing configuration .
· Transmission timing for CSI on PUSCH: The transmission timing of CSI on PUSCH follows the general transmission timing for DCI scheduled PUSCH.
· CSI reference resource timing: The CSI reference resource for a CSI report in uplink slot  is defined by a single downlink slot , where .  Here,  and  are the subcarrier spacing configurations for DL and UL, respectively.  The value of  depends on the type of CSI report and is defined in TS 38.214.
· Aperiodic SRS transmission timing: If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot , where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission,  and  are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 
The existing NR timing definitions involving DL-UL timing interaction may not hold when there is a large offset in the UE’s DL and UL frame timing in NTN. Thus, the timing relationships need to be enhanced.
6.2.1.2	Enhancements
The PDSCH reception timing is defined solely from DL timing perspective. It is not impacted by the large offset in the UE’s DL and UL frame timing and thus enhancement is not needed.
The other timing relationships described in Section 6.2.3.1 involve DL-UL timing interaction and thus need to be enhanced for NTN. The enhancement can be to introduce an offset   and applying it to modify the relevant timing relationships. 
· For the transmission timing of DCI scheduled PUSCH (including CSI on PUSCH), the slot allocated for the PUSCH can be modified to be .
· For the transmission timing of RAR grant scheduled PUSCH, the UE transmits the PUSCH in slot .
· For the transmission timing of HARQ-ACK on PUCCH, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot .
· For the MAC CE action timing, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot , where the value of  may depend on NTN UE capability and may not necessarily be equal to . How to determine the value of  is for further study.
· For the CSI reference resource timing, the CSI reference resource is given in the downlink slot .
· For the transmission timing of aperiodic SRS, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
The values of  may be different for each of the identified timing relationships that need to be modified for NTN.
The values of  can be per beam or per-cell. It is for further study whether  is derived from broadcast information or is signaled by higher layers.
6.2.2	Uplink power control
The need and the applicable scenarios for potential enhancements (with respect to the power control schemes in NR Rel-15) for both open-loop and closed-loop power control for NTN are to be studied.  
6.2.3	AMC and delayed CSI feedback
Study the performance of AMC in NTN considering at least the following solutions (some solutions may have no specification impact):
· Prediction-based link adaptation with prediction confidence level
· AMC with CQI reflecting only long-term fading
· Additional BLER targets for CQI reporting to limit number of retransmissions and latency
· CQI offset applied by gNB
· Finer granularity of CQI
· Prediction based CQI reporting
6.2.4	Beam management and polarization support

6.2.5	Impact of feeder/service link switch


********************************* End of TP *********************************
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
[bookmark: _Ref21433115]TR 38.821, Solutions for NR to support non-terrestrial networks, V0.8.0., September 2019.
Appendix: RAN1 agreements
RAN1#97

Agreement:
The need and the applicable scenarios for potential enhancements (with respect to the power control schemes in NR Rel-15) for both open-loop and closed-loop power control for NTN are to be studied.  

Agreement:
Study the performance of AMC in NTN considering at least the following solutions (some solutions may have no specification impact):
· Prediction-based link adaptation with prediction confidence level
· AMC with CQI reflecting only long-term fading
· Additional BLER targets for CQI reporting to limit number of retransmissions and latency
· CQI offset applied by gNB
· Finer granularity of CQI
· Prediction based CQI reporting


[bookmark: _GoBack]RAN1#98

Agreement:
For UL transmission timing, introduce an offset Koffset  for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where [image: ] and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers.

RAN1#98bis

Agreement:
[bookmark: _Hlk22063355]With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receives a PDSCH with a RAR message ending in slot  for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot .
Agreement:
When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot , the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot  (X can be determined when specifications are developed).
Agreement:
If a UE receives a DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot .
Agreement:
 may take different values for each of the identified timing relationships that need to be modified for NTN.
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