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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) and satellite nodes in NR can be important components of 5G. The deployment of non-terrestrial networks (NTNs) is highly different from that of terrestrial networks, which can cause impacts on standard specifications. A study item “Solutions for NR to support Non Terrestrial Network” has been approved [1], and the objectives are as follows.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
The following agreements were made in RAN1#97 [2], RAN1#98 [3] and RAN1#98b [3].
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

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
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.

This contribution discusses issues related to physical layer control procedures, e.g., AMC, CSI feedback and power control for NTN. 

2. Discussions
In NTN networks, due to the extremely large distance between the gNB and the UE, the propagation delay can be up to a few hundreds ms for GEO satellites, especially for bent pipe scenario where the satellite or the aerial embarks full or part of a gNB to generate/receive a "Satellite friendly" NR signal to/from the UEs [2]. Another main issue for NTN is the Doppler Effect due to the fast relative movement between a spaceborn vehicles, e.g., LEO satellite, and the UE, which can be more than 7km per second and more than 20 ppm Doppler shift for 2 GHz carrier frequency. The long propagation delay and Doppler Effect have impacts on physical layer control procedures such as link adaptation, i.e., AMC, CSI feedback and power control because the channel feedback can be out of date easily. The current NR specifications are mainly designed for cellular system and not supposed to handle such propagation delay and Doppler Effect and therefore the enhanced mechanisms are needed.   
2.1 Adaptive Modulation and Coding (AMC)
AMC is employed in communication systems to adopt the variation of the channel condition from time to time. In DL, the UE can measure the channel, calculate CQI based on channel measurement and then feedback the CQI values to the gNB. Then gNB choose appropriate modulation and coding schemes according to the CQI values. By doing this, a near optimal modulation coding scheme can always be used to achieve the maximum spectrum efficiency while at the same time meeting the target BLER requirement. However, in NTN when the gNB receives the reported CQI values, the channel condition may have already changed and if the modulation and coding scheme is chosen based on the reported CQI values, it could either lead to higher BLER or lower spectrum efficiency. 
From reliability perspective, gNB can choose operate in a conservative manner, One way of this is that gNB can always choose to apply an offset between the modulation and coding rate based on the reported CQI values and actual modulation and coding rate applied. In another word, a lower modulation order and coding rate than that based on the reported CQI values can be applied by the gNB to guarantee the reliability with cost of spectrum efficiency. This offset value should be configured in a UE specific manner considering UEs in different scenarios, and/or with different reliability requirements. The other conservative way is that gNB always use the lowest MCS without CQI reporting, where UE does not need to report CQI to the gNB. Another solution is to explore long term channel condition, which is expected to be more stable than short term channel condition, to determine modulation and coding rate. In the meantime, the CQI report can also be based on long term channel measurement and the reporting periodicity can be longer. In order to improve spectrum efficiency, prediction based approach can also be considered where the gNB predict modulation and coding rate based on previous channel condition report, gNB and UE trajectory, etc. A confidence level can also be indicated with the prediction so that the UE can choose its own behaviour based on the confidence level. It should be noted that the same issue will also happen in UL and similar approaches can be employed. Another solution is to introduce a CQI report disabling mechanism based on certain conditions such as satellite and/or UE location and speed, channel condition, etc. For example, if the distance between the UE and the satellite is very large and/or the propagation delay is larger than a certain threshold, CQI reporting is disabled.
[bookmark: _Ref509300562]Proposal 1: Large propagation delays in NTNs have impact on AMC and following solutions can be considered
· gNB applies AMC offset;
· AMC based on long term channel;
· Prediction with confidence level;
· Distance based CQI reporting enabling/disabling.

2.2 CSI and RRM measurement
In NR, UE needs to measure the channel and feedback the CSI information so that the serving gNB can determine its transmission parameters including pre-coding, MCS, RS configurations, etc. In the meantime, UE also need to conduct RRM measurement via SSB/CSI-RS and report the measurements back to the serving gNB to facilitate procedures such as mobility management. As aforementioned, the measurement reports could be out of date due to the extremely long propagation delay. In this regard, long term channel measurement seems more feasible. However, it does not mean short term CSI and RRM measurement and feedback are not needed. They can be at least used for channel prediction. The feasibility of both long term and short term CSI and RRM measurement and feedback should be further investigated. 
[bookmark: _Ref509300587]Proposal 2: The feasibility of both long term and short term CSI and RRM measurement and feedback should be further investigated.
2.3 Power control
Power control can be categorized into open loop and closed loop depending on whether feedback is applied. For NTN, open loop power control without feedback seems more suitable considering the long propagation delay. For open loop power control, UE should be allowed to adjust/predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory. 
Proposal 3: Open loop power control should be further studied in NTN and UE should be allowed to predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory.
Closed loop power control can also be considered in addition to open loop mechanism. For certain types of NTN, e.g., GEO satellite, it is static relative to the earth. In this case, the change of path loss with respect to time will be slow. Therefore, closed loop (and open loop) power control can benefit if the UE can get the information of what type of the gNB is. Moreover, the distance between the different UEs and the serving gNB actually does not differ much considering the long distance, e.g., 35786 km for GEO satellite. In this regard, the transmission power of different UEs can be adjusted as a group with a reference UE transmission power. In addition, a mechanism to disable closed loop power control should be considered. 
Proposal 4: Closed loop power control should be studied in NTN and group power control can be considered. In addition, a mechanism to disable closed loop power control should be considered.
2.4 Bent-pipe architecture
Another issue for physical layer procedures in NTN is for the bent-pipe architecture where the satellite will relay the signal between the gNB and the UEs in a transparent manner. For example, in such a case, the power control needs to take both the link between the UE and the satellite and the link between the satellite and the gNB on ground into account. The controlling mechanism as well as the signalling procedure needs to be further studied.
Proposal 5: Physical layer procedures for bent-pipe architecture need to be further studied taking both the link between the UE and the satellite and the link between the satellite and the gNB on ground into account. 

3. Conclusions
In this contribution, we have discussed impacts of large propagation delay and extended Doppler on physical layer control procedures, e.g., AMC, CSI feedback and power control and provided some solutions. To sum up, we have the following observations and proposals.
Proposal 1: Large propagation delays in NTNs have impact on AMC and following solutions can be considered
· gNB applies AMC offset;
· AMC based on long term channel;
· Prediction with confidence level;
· Distance based CQI reporting enabling/disabling.
Proposal 2: The feasibility of both long term and short term CSI and RRM measurement and feedback should be further investigated.
Proposal 3: Open loop power control should be further studied in NTN and UE should be allowed to predict its own transmission power not only based on DL measurement, e.g., pathloss measurement but also other available information, such as gNB ephemeris and UE trajectory.
Proposal 4: Closed loop power control should be studied in NTN and group power control can be considered. In addition, a mechanism to disable closed loop power control should be considered.
Proposal 5: Physical layer procedures for bent-pipe architecture need to be further studied taking both the link between the UE and the satellite and the link between the satellite and the gNB on ground into account.

4. [bookmark: _Ref444081453]References
[1] RP-181370, “Solutions for NR to support Non Terrestrial Network.”
[2] RAN1#97 Chairman’s Notes.
[3] RAN1#98 Chairman’s Notes.
[3] RAN1#98b Chairman’s Notes.


image1.wmf
2

'

2

DL

UL

nn

m

m

êú

=×

êú

ëû


