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1	Introduction
In RAN1#97, the following agreements were made related to physical layer control procedures for NTN:
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: _Ref178064866]In addition, other issues related to physical layer control procedures for NTN were discussed offline and summarized in [2].  In this contribution, we provide our views on physical layer control procedures for NTN UEs in connected mode.  This contribution is a revision of R1-1909111.
2	Discussion on UL transmission timing for NTN
The long propagation delays between the gNB and the UE is one of the physical phenomena that requires careful consideration when adapting NR to accommodate NTN.  The one-way delay between the UE and the gNB depends on various factors such as the type of satellite (GEO, LEO, MEO, etc.), the elevation angles associated with the UE and gNB, whether bent pipe or regenerative model is assumed, to name a few.  For the different scenarios considered in TR 38.821[3], the one-way delay can range from ~6ms to ~272ms.  
In NR Release 15, the timing relationships of UCI (uplink control information) transmission in NR PUCCH/PUSCH and of uplink data transmission in PUSCH are designed to be suitable for terrestrial radio propagation environment where the round-trip delay is usually within 1ms.  However, in NTN scenarios, the large propagation delays affect the uplink transmission timing of these physical layer procedures.  
There are two types of timing advance (TA) mechanisms in NTN, which we refer to as large TA and small TA. With large TA, each UE has a TA equal to its round-trip time and thus fully compensates its RTT. Accordingly, gNB DL-UL frame timings are aligned.  With large TA, each UE has a TA equal to its round-trip time and thus fully compensates its RTT. This is illustrated in Figure 1. Accordingly, gNB DL-UL frame timings are aligned in the case with large TA. 
[image: ]
Figure 1: An illustration of large TA compensating full RTT. 

With small TA, each UE has a TA equal to its round-trip time minus a reference round-trip time, i.e., differential RTT. For example, the reference RTT can be the minimum RTT of a cell, and thus the differential RTT of any UE in the cell is always non-negative. With small TA, gNB needs to manage a DL-UL frame timing shift on the order of the reference RTT. In the case of the small TA, it is expected that the gNB broadcasts the reference RTT to the served UEs. 
The maximum differential RTT depends on the cell size and may range from sub-millisecond to a few milliseconds. With small TA, gNB needs to manage a DL-UL frame timing shift on the order of the reference RTT, as illustrated in Figure 2.
[image: ]
Figure 2: An illustration of small TA compensating differential RTT. 
Below, we elaborate on the uplink transmission timing of UCI and data transmission.
2.1 Transmission timing of HARQ-ACK on PUCCH
HARQ-ACK is transmitted in PUCCH (if not multiplexed on PUSCH) within slot  under one of the following circumstances:
· if the UE detects a DCI (either DCI format 1_0 or DCI format 1_1) that schedules a PDSCH reception in slot [image: ]
· if the UE detects a DCI (DCI format 1_0) that indicates SPS PDSCH release with a PDCCH received in slot [image: ]
The value of  which is given in a number of slots, is indicated by the PDSCH-to-HARQ-timing-indicator field in DCI (if the field is present) or is provided by the higher layer parameter dl-DataToUL-ACK.  In the NTN scenarios, which slot a HARQ-ACK is transmitted by the UE will depend on whether small TA or large TA is used.  Figure 3 shows an illustration of HARQ-ACK transmission timing in an NTN scenario, where it is seen that the NTN delay impacts the PUCCH HARQ-ACK transmission timing. Table 1 presents the usable  range for HARQ transmission on PUCCH for the two scenarios of small and large TA compensation.  The entries in red-font indicate the following cases:
1) Only a small fraction of the current range of  values is usable; for example, the  range for DCI format 1_0 at 60 kHz numerology with small TA where only the values of 7 and 8 are usable.
2) None of the current range of  values is usable; this is the case for all entries corresponding to large TA.
Given that the current range of  values is not sufficient for NTN scenarios with small TA and large TA, we can consider extending the range of  values.  This can be done by either extending the range of  values or introducing a configurable offset for HARQ-ACK transmission timing which can be added to .  Hence, we make the following proposal:
Proposal 1:  For HARQ-ACK transmission timing with small TA and large TA, either extend the range of K1 values or introduce a configurable offset to compensate for differential RTT and full RTT, respectively.

[image: ]
Figure 3: HARQ-ACK transmission in NTN scenario.

[bookmark: _Ref16597917]Table 1 Usable K1 range for transmission timing of HARQ-ACK on PUCCH.
	TA scheme
	Numerology
	Max TA in the unit of slot
	Usable K1 range from 1, …, 8 (DCI 1_0) 
	Usable K1 range from 0, …, 15 (DCI 1_1) 

	TA compensating for differential RTT up to 1.6 ms  (small TA)
	15 kHz
	1.6 slots
	1, …, 8
	1, …, 15

	
	30 kHz
	3.2 slots
	3, …, 8
	3, …, 15

	
	60 kHz
	6.4 slots
	7, 8
	6, …, 15

	
	120 kHz
	12.8 slots
	None
	12, …, 15

	TA compensating for full RTT up to 541.46 ms  (large TA)
	15 kHz
	541.46 slots
	None
	None

	
	30 kHz
	1082.92 slots
	None
	None

	
	60 kHz
	2165.84 slots
	None
	None

	
	120 kHz
	4331.68 slots
	None
	None



2.2 Transmission timing for CSI on PUSCH
In NR, two configurations for reporting CSI on PUSCH are possible which are aperiodic CSI reporting and semi-persistent CSI reporting on PUSCH (note that periodic CSI reporting is also supported in NR, but for periodic CSI reporting, the report goes on PUCCH).  Both aperiodic CSI and semi-persistent CSI on PUSCH are activated/triggered by DCI, and the allowed slot offset from the activating/triggering DCI are configured by higher layer parameter reportSlotOffsetList.  The range of slot offsets allowed in reportSlotOffsetList in Release-15 NR is from 0 to 32.  The slot offset  is selected by the activating/triggering DCI.  In the NTN scenarios, which slot a CSI report on PUSCH is transmitted by the UE will depend on whether small TA or large TA is used.  Figure 4 shows an illustration of CSI transmission timing in an NTN scenario, where it is seen that the NTN delay impacts the CSI transmission timing.
Table 2 presents the usable slot offset ranges for aperiodic CSI transmission on PUSCH for the two scenarios of small and large TA compensation.  The red-font entries in the table indicate the entries where none of the current slot offset ranges are usable.  
From Table 2, we note that the current range of slot offset values is sufficient for the small TA compensation scenario.  However, the current range of slot offsets is not sufficient for large TA compensation scenario.  Hence, extending the range of slot offset to better support large TA compensation scenario can be considered.  This can be done by either extending the range of slot offset values or introducing a configurable offset which can be added to the slot offset.  Hence, we make the following proposal:
Proposal 2:  For aperiodic CSI transmission timing with large TA, either extend the range of slot offset values or introduce a configurable offset to compensate for full RTT.

[image: ]
Figure 4: Aperiodic CSI transmission in NTN scenario.

Table 2 Usable slot offset ranges for transmission timing of CSI on PUSCH.
	TA scheme
	Numerology
	Max TA in the unit of slot
	Usable slot offset ranges from 0, …, 32 

	TA compensating for differential RTT up to 1.6 ms  (small TA)
	15 kHz
	1.6 slots
	1, …, 32

	
	30 kHz
	3.2 slots
	3, …, 32

	
	60 kHz
	6.4 slots
	6, …, 32

	
	120 kHz
	12.8 slots
	12, …., 32

	TA compensating for full RTT up to 541.46 ms  (large TA)
	15 kHz
	541.46 slots
	None

	
	30 kHz
	1082.92 slots
	None

	
	60 kHz
	2165.84 slots
	None

	
	120 kHz
	4331.68 slots
	None




2.3 Transmission timing for data on PUSCH
Dynamic data transmission on PUSCH is scheduled by DCI and the time domain resource assignment field of the DCI provides an index to a table with information on resource allocation in time domain. This information includes, but not limited to, the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.  The slot where the UE shall transmit the PUSCH is determined by K2 as , where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively.  Similar to the problems highlighted in Sections 2.1 and 2.2, which slot the PUSCH is transmitted by the UE will depend on whether small TA or large TA is used.  The value range currently possible in NR Rel-15 for K2 is from 0 to 32.
Similar to the analysis in Table 2, it can be shown that the current range of K2 values is sufficient for the small TA compensation scenario.  However, this range is not sufficient for NTN scenarios with large TA compensation.  Hence, extending the range of K2 values to better support large TA compensation scenario can be considered.  This can be done by either extending the range of K2 values or introducing a configurable offset which can be added to K2.  Hence, we make the following proposal:

Proposal 3:  For PUSCH transmission timing with large TA, either extend the range of K2 values or introduce a configurable offset to compensate for full RTT, respectively.

As discussed above, in the case of the small TA, it is expected that the gNB broadcasts the reference RTT to the served UEs.  Hence, it can be study how to signal the reference RTT in small TA compensation scenario (e.g., broadcasting common RTT on SIB). 

Proposal 4:  For small TA, study signaling methods for reference RTT. 

2.4 Impact of long propagation delay on CSI reference resource
In TS 38.214, the reference resource in the time domain for different CSI reporting types are defined.



The CSI reference resource for a CSI report in uplink slot n' is defined by a single downlink slot n-nCSI_ref where  .  Here, and  are the subcarrier spacing configurations for DL and UL, respectively.  The value of nCSI_ref depends on the type of CSI report.


For periodic and semi-persistent CSI reporting, nCSI_ref is defined as follows:

· if a single CSI-RS resource is configured for channel measurement, nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
· if multiple CSI-RS resources are configured for channel measurement, nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.

For aperiodic CSI reporting, nCSI_ref is defined as follows:

· if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request,
· 
otherwise nCSI_ref is the smallest value greater than or equal to , such that slot n- nCSI_ref corresponds to a valid downlink slot.  Here,  denotes the number of symbols per slot.  The parameter Z’ corresponds to delay requirements defined in TS 38.214.  
· If the time between the last symbol of aperiodic CSI-RS/IM and the first symbol of PUSCH (which carries the aperiodic CSI report) is less than Z’, then the UE may ignore the DCI requesting the aperiodic CSI report and is not required to update the CSI report. 
· When periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on CSI-RS/CSI-IM whose last OFDM symbol is received up to Z’ symbols before the transmission time of the first OFDM symbol of the aperiodic CSI report. 
· The values of Z’ depend on the CSI computation delay requirements.  Note that there are two CSI computation delay requirements specified in 3GPP TS 38.214 in Tables 5.4-1 and 5.4-2.

In NTN scenarios, the DL-UL frame timings at the gNB may or may not be aligned.  Furthermore, the DL-UL frame timings at the UE will not be aligned due to the application of large or small TA.  In addition, the TA value applied by the UE is UE specific as different UEs may have a different RTT.  Furthermore, the range of RTT also depends on different NTN scenarios such as LEO/MEO/GEO.  The current CSI reference resource definitions in NR Rel-15 do not take into account such DL-UL frame misalignments and the application of large TAs prevalent in NTN scenarios.  Hence, the definition of CSI reference resource for NTN scenarios should be revisited.



We next provide an example to illustrate the issue.  Consider an example where the DL and the UL numerologies are 15 kHz (i.e., ==0).  Then for a CSI report in uplink slot n', the CSI reference resource is given by a single downlink slot  n-nCSI_ref . Note that when the DL and UL numerologies are the same, = n'.  In this example, periodic CSI reporting is assumed with a single CSI-RS resource being configured for channel measurement.
Figure 5 shows the case when the existing CSI reference resource definition in NR Rel-15 is used in an NTN scenario with a TA of 8 slots.  Recall that n = n’ in this example since the UL and DL numerologies are the same.  Also shown in the figure are the UL and DL frame timings at the gNB.  In this case, using the existing CSI reference resource definition in NR Rel-15 would result in the CSI reference resource at UE’s DL slot n-nCSI_ref happening much later than UE’s UL slot n‘ in which a UE needs to send a periodic CSI.  This would mean the UE would possibly have to perform CSI measurement in a future slot in order to report the CSI in the current slot, which is not possible in practice.  Hence, we make the following observation and proposal:
Observation 1:  Using the existing CSI reference resource definition in NR Rel-15 would result in the CSI reference resource at UE’s DL slot n-nCSI_ref happening much later than UE’s UL slot n‘ in which a UE needs to send a CSI Report.
[bookmark: _GoBack]Proposal 5:  Study the impact of large propagation delays on CSI reference resource, and revisit CSI reference resource definition for NTN scenarios with large propagation delays.

[image: ]
Figure 5:  An example with NR Rel-15 CSI Reference Resource definition in an NTN scenario

3	Discussion on CSI for NTN
In this section, we present evaluation results related to CSI in NTN scenarios.  The detailed evaluation assumptions are given in the Appendix.
We first compare the throughput loss resulting from increasing feedback delay.  The results corresponding to UE speeds of 3 km/hr, 30 km/hr, and 60 km/hr are shown in Figures 6, 7, and 8, respectively. We assume that Doppler due to the satellite mobility is compensated for, meaning that the UE mobility is the only factor influencing the Doppler. In these figures, a feedback delay of 1 ms is used. The feedback is limited to CQI reporting (note that we are considering a rank 1 scenario where rank is fixed to 1 and PMI feedback is not needed). From Figure 6, it is noticed that there is notable throughput loss as the feedback delay increases from 1 ms to 40 ms at a UE speed of 3 km/hr.  This is because as the channel ages, the gNB schedules the UE with outdated MCS which in turn results in throughput loss.  However, beyond 40 ms feedback delay, there is no further throughput loss.  The coherence time in the case of Figure 6 is ~180 ms.  So once the feedback delay is beyond a notable fraction of the coherence time, further feedback delays do not hurt the throughput performance further.  In the cases of Figures 7 and 8 with UE speeds of 30 km/hr and 60 km/hr, respectively, the throughput degradation saturates much earlier at around 5 ms feedback delay.  This is because the channel coherence time is much smaller and hence the throughput loss saturation happens much earlier.  Based on these results, we make the following observation:
Observation 2:  There is throughput loss with increasing feedback delay.  However, the throughput loss saturates beyond a certain feedback delay depending on the UE speed.
· At UE speed of 3 km/hr, the throughput loss saturates beyond 40 ms feedback delay.
· At UE speeds of 30 km/hr and 60 km/hr, the throughput loss saturates beyond 5 ms feedback delay.
· At 60km/h the throughput loss is negligible.
[image: ]
Figure 6.  Evaluation results on impact of feedback delay on throughput at UE speed of 3 km/hr

[image: ]
Figure 7.  Evaluation results on impact of feedback delay on throughput at UE speed of 30 km/hr

[image: ]
Figure 8.  Evaluation results on impact of feedback delay on throughput at UE speed of 60 km/hr

One of the schemes proposed in RAN1#97 is ‘AMC with CQI reflecting only long-term fading’.  Hence, we evaluated a scenario where the UE averages channel measurements over consecutive number of CSI-RS periodicities and reports a CSI based on the averaged channel.  Results corresponding to the cases of 3 km/hr and 60 km/hr are shown in Figures 9 and 10, respectively.  In these figures, the feedback delay is fixed at 201 ms, while the number of CSI-RS periodicities over which averaging is performed is varied.  The case with no channel averaging is used as the baseline.  From the results in Figure 9, it is noted that at 3 km/hr UE speed, channel averaging to capture long-term fading does not improve throughput.  At 60 km/hr UE speed (see Figure 10), averaging the channel likely results in pessimistic CSI and thus throughput degrades.  Based on these results, we make the following observation:
Observation 3:  At 3 km/hr UE speed, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging.  At 60 km/hr UE speed, averaging channel likely results in pessimistic CSI and thus throughput degrades compared to the case with no averaging.
[image: ]
Figure 9.  Evaluation results reflecting for channel averaging to capture long-term fading at 3 km/hr

[image: ]
Figure 10.  Evaluation results reflecting for channel averaging to capture long-term fading at 60 km/hr

4	Discussion on UL power control for NTN
Even though UL power control was not discussed in RAN1#97, there were some offline discussions as summarized in [2].  According to the summary, some companies think open loop power control should be considered as the baseline for NTN.  However, in NTN scenarios, there are relevant scenarios where pathloss changes drastically in both GEO and LEO scenarios.  One example of such scenarios is blockage.   A satellite ground receiver may first have a clear line of sight to the satellite it is communicating with. If the line of sight to the satellite is blocked by objects such as buildings, trees, bridges, etc., there would be sudden drop in path gains. TR 38.811 models the blocking case by means of a LOS probability and the clutter loss which range up to 44 dB. This implies that the radio link needs to be able to handle quick and drastic changes of the channel strength. In these scenarios it is important to make sure that the UE can quickly adapt the UL power accordingly.  Hence, in addition to open loop power control, closed loop power control may also be relevant in both NTN scenarios.  It should then be studied whether further enhancements are needed to open-loop and/or closed-loop power control in NTN scenarios.
Observation 4:  In addition to open loop power control, closed loop power control can be relevant in cases where the pathloss drastically changes in which case it is important to ensure that the UE can quickly adapt its UL transmit power.
[bookmark: _Toc528934062]Proposal 6:  Study whether enhancements to Rel-15 open-loop and/or closed-loop power control features are needed in NTN scenarios.
5	Conclusion
In this contribution, we provide our views on physical layer control procedures for NTN UEs in connected mode.  Based on the discussion in Section 2-4, we make the following observations and proposals:

Observation 1:  Using the existing CSI reference resource definition in NR Rel-15 would result in the CSI reference resource at UE’s DL slot n-nCSI_ref happening much later than UE’s UL slot n‘ in which a UE needs to send a CSI Report.
Observation 2:  There is throughput loss with increasing feedback delay.  However, the throughput loss saturates beyond a certain feedback delay depending on the UE speed.
· At UE speed of 3 km/hr, the throughput loss saturates beyond 40 ms feedback delay.
· At UE speeds of 30 km/hr and 60 km/hr, the throughput loss saturates beyond 5 ms feedback delay.
· At 60km/h the throughput loss is negligible.
Observation 3:  At 3 km/hr UE speed, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging.  At 60 km/hr UE speed, averaging channel likely results in pessimistic CSI and thus throughput degrades compared to the case with no averaging.
Observation 4:  In addition to open loop power control, closed loop power control can be relevant in cases where the pathloss drastically changes in which case it is important to ensure that the UE can quickly adapt its UL transmit power.

Proposal 1:  For HARQ-ACK transmission timing with small TA and large TA, either extend the range of K1 values or introduce a configurable offset to compensate for differential RTT and full RTT, respectively.
Proposal 2:  For aperiodic CSI transmission timing with large TA, either extend the range of slot offset values or introduce a configurable offset to compensate for full RTT.
Proposal 3:  For PUSCH transmission timing with large TA, either extend the range of K2 values or introduce a configurable offset to compensate for full RTT, respectively.
Proposal 4:  For small TA, study signaling methods for reference RTT. 
Proposal 5:  Study the impact of large propagation delays on CSI reference resource, and revisit CSI reference resource definition for NTN scenarios with large propagation delays.
Proposal 6:  Study whether enhancements to Rel-15 open-loop and/or closed-loop power control features are needed in NTN scenarios.
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Appendix: Evaluation Assumptions
	Parameters 
	Value 

	Carrier frequency 
	2 GHz  

	Scenario
	Suburban (10o Elevation angle)

	BW 
	10 MHz 

	Subcarrier spacing 
	15 kHz 

	Number of antennas
	1 at gNB and 2 at UE

	Pathloss offset of 2nd TRP 
	0 dB 

	Channel estimation 
	Ideal

	CSI reporting periodicity
	5 ms 

	Time and frequency tracking
	Ideal
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CQI offset applied by gNB


 


•


 


Finer granularity of CQI


 


•


 


Prediction based CQI reporting


 


 




  1 / 2     3GPP TSG - RAN WG 1   Meeting  # 9 8   R1 - 190 9 507     Prague ,  Czech Republic ,  26 th  –   30 th  August   2019     Agenda Item:   7.2.5.2     Source:   Ericsson   Title:   On  physical layer control procedures   for NTN   Document for:   Discussion   1   Introduction   In RAN1 #97, the following agreements were made related  to  physical layer control procedures for NTN:     In  addition, other issues related to physical layer control procedures for NTN were discussed offline and  summarized in [2].  In  this contr ibution, we provide  our views on  physical layer control procedures   for NTN   UEs in connected mode .    This   contribution is a revision of R1 - 1909111.   2   Discussion   on  UL transmission timing for NTN   The long propagation delays between the gNB and the UE is one of the physical phenomena that requires  careful consideration when adapting NR to accommodate NTN.    The one - way delay between the UE and the  gNB depends on various factors such as the type of satellite (GEO, LEO, MEO, etc.), the elevation angles  associated with the UE and gNB,  whether bent pipe  or regenerative model is assumed, to name a few.  For  the different scenarios considered in TR 38.8 21 [ 3 ], the one - way delay can range from ~6ms to ~272ms.      In NR Release 15, the timing relationships of UCI   (uplink control information)   transmission in NR  P UCCH / PUSCH and of uplink data transmission in PUSCH are designed to be suitable for terrestrial radio  propagation environment where the round - trip delay is usually  within   1ms.   However, in NTN scenarios, the  large propagation delays affect the uplink trans mission timing of these physical layer procedures.     There are two types of timing advance (TA) mechanisms in NTN, which we refer to   as   large TA and small TA.  With large TA, each UE has a TA equal to its round - trip time and thus fully compensates its RTT. Accordingly,  gNB DL - UL frame timings are aligned.    With large TA, each UE has a TA equal to its round - trip time and thus  fully compensa tes its RTT. This is illustrated in Figure 1. Accordingly, gNB DL - UL frame timings are aligned in  the case with large TA.   

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 consider ing 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 numbe r of retransmissions and latency   •   CQI offset applied by gNB   •   Finer granularity of CQI   •   Prediction based CQI reporting    

