3GPP TSG-RAN WG1 Meeting #99	R1-1913302
Reno, NV, USA, 18th – 22nd November 2019

Source:	Ericsson 
[bookmark: Title]Title:	Feature lead summary #1 on NTN physical layer control procedures
[bookmark: Source][bookmark: _Hlk499033340]Agenda Item:	7.2.5.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
[bookmark: _GoBack]This document contains a summary of the contributions under AI 7.2.5.2 at RAN1#99. Discussions are summarized in Section 2 along with proposals. The observations and proposals from individual contributions are listed in Section 4.
[bookmark: _Ref5582230]Summary
The main topics in the contributions submitted to AI 7.2.5.2 are:
· UL power control
· AMC/CSI feedback
· Satellite beam switching
· Uplink transmission timing
· Impact of feeder/service link switch on PHY procedures
The discussions under each of these topics are summarized below.
[bookmark: _Hlk5576443]UL power control
In RAN1#97, the following agreement related to UL power control was made:
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.  

The proposals related to UL power control (ULPC) from contributions submitted to RAN1#99 are given in Section 4.1 of this paper. The proposals for UL power control for NTN are generally diverse with different companies suggesting studying different enhancements. The proposals from different companies are summarized below:
· MediaTek proposes beam-specific configuration for  and  common for all beams parameters; 
· Samsung and Sony propose UE prediction of its own transmission power using other available information such as satellite ephemeris and UE trajectory
· Ericsson proposes adaptive ULPC based on adaptive UE configuration of L3 filter coefficients (i.e., configuring multiple L3 filter coefficients and letting UE select one of the L3 filter coefficients based on measured RSRP).
· Intel, Thales, and ZTE observe no major issues with NR UL power control for NTN and does not see the need for enhancing power control for NTN.
It should be noted that despite the discussions in the last few meetings, evaluation results are lacking for ULPC for NTN.  Hence, to conclude the study on uplink power control for NTN, companies are asked to provide their views on whether or not uplink power control enhancements are needed for NTN.  If a company sees the need for uplink power control enhancements for NTN, companies are asked to comment on which of the above enhancements are beneficial for NTN.


	Company
	Comments and Views

	Samsung
	The following issues should be studied.
· whether closed-loop power control should be disabled. Closed-loop power control is mandatory with 3 bits in DCI. In some scenario, e.g., GEO, it is obvious that Closed-loop power control is not applicable. In such a case, closed-loop power control can be disabled to reduce dynamic signaling overhead in DCI.
· Position based open loop power control. This is beneficial when the satellite moves fast and the measured pathloss might be out of date in the case of UL transmission.

	
	

	
	

	
	

	
	

	
	



RAN2 agreed that the enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis.  In Nokia’s contribution, they propose assigning different ULPC parameters (such as P0 and alpha) for different HARQ types. The motivation for the proposal is to guarantee UL transmission reliability for transmissions using disabled HARQ processes.

Proposal 1: In NR Rel-17, UE can be configured with different uplink power control parameters such as P0 and alpha parameters for disabled and enabled HARQ processes. 
Companies are welcome to provide their additional views below:
	Company
	Comments and Views

	
	

	
	

	
	

	
	

	
	

	
	



Based on offline discussion among companies, the following is concluded for uplink power control for NTN:

Offline Conclusion 1:  The existing NR Release-15 power control scheme can be used for NTN.  Optimizations would require further study.

[bookmark: _Hlk5576566]AMC/CSI feedback
In RAN1#97, the following agreement related to AMC/CSI feedback was made:
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

The proposals related to AMC/CSI feedback from contributions submitted to RAN1#98bis are given in Section 4.2 of this paper.
In the contributions submitted to RAN1#98bis, three companies provide evaluation results. Ericsson (R1-1912724) and ZTE (R1-1912611) provide simulation results to show the effect of increased CSI feedback delay on throughput performance. The observations are summarized below:
· Observation 1: For NTN-TDL-C (LOS) channel model, Ericsson and ZTE show that the performance loss due to CSI aging is low to marginal. For instance, at an SNR of 10 dB at a UE speed of 3 km/hr, 
· Ericsson results show that there is a throughput loss of around 10% as the feedback delay increases from 6 ms to 40 ms, and
· ZTE results show that the spectral efficiency degrades by around 12% as the feedback delay increases from 6 ms to 46 ms.
· Observation 2: For NTN-TDL-A (NLOS) channel model, Ericsson and ZTE show that the performance loss is more significant. For instance, at an SNR of 10 dB at a UE speed of 3 km/hr,
· Ericsson results show that there is a throughput loss of around 38% as the feedback delay increases from 6 ms to 40 ms, and
· ZTE results show that the spectral efficiency degrades by around 28% as the feedback delay increases from 6 ms to 46 ms.
· Observation 3: For NTN-TDL-A (NLOS) channel model, Ericsson shows that the performance loss saturates beyond a certain feedback delay for a given UE speed. For instance, the throughput loss saturates beyond 40 ms feedback delay at a UE speed of 3 km/hr.
· Observation 4: For both NTN-TDL-C (LOS) and NTN-TDL-A (NLOS) channel models, Ericsson shows that with a UE speed of 30 km/hr, there is almost no observable performance loss as the feedback delay increases from 6 ms to 201 ms.
Based on the above results, the performance loss due to the increased CSI feedback delay depends on both the channel conditions as well as the UE speed.
Companies are welcome to provide their additional views below:
	Company
	Comments and Views

	Samsung
	We propose to include another solution: Distance based CQI reporting enabling/disabling

	
	

	
	

	
	

	
	

	
	



Based on offline discussion, the following is concluded regarding the performance loss due to CSI aging:
Offline Conclusion 2:  The performance loss due to the increased CSI feedback delay depends on both the channel conditions as well as the UE speed:
· In LOS conditions, results from two sources show that the performance loss due to CSI aging is low to marginal at a UE speed of 3 km/hr.
· In NLOS conditions, results from two sources show that the performance loss due to CSI aging is significant at a UE speed of 3 km/hr.
· In both LOS and NLOS conditions, results from one source show that there is no observable performance loss due to CSI aging at a UE speed of 30 km/hr.
[bookmark: _Hlk5579857]
Ericsson (R1-1912724) and ZTE (R1-1912611) provided additional simulation results to show the effect of channel averaging on throughput performance. The evaluations results show the following observation:
· Observation: At 3 km/hr UE speed with ideal channel estimation, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging.
Based on offline discussion, the following is concluded regarding channel averaging to capture long-term fading:

Offline Conclusion 3:  Based on results from two sources, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging at a UE speed of 3 km/hr with ideal channel estimation.

Companies are welcome to provide their additional views below:
	Company
	Comments and Views

	
	

	
	

	
	

	
	

	
	

	
	




Huawei (R1-1911859) and ZTE (R1-1912611) provided additional simulation results to show the effect of CSI prediction on throughput performance. These evaluations show the following observation:
· Observation: Performance gain can be achieved with the introduction of CSI feedback with prediction when compared to CSI feedback without prediction. 
· For NTN-TDL-B (NLOS) channel model, Huawei results show a 10% throughput improvement at an SNR of 10 dB and a UE speed of 3 km/hr.
· For NTN-TDL-A (NLOS) channel model, ZTE results show that the spectral efficiency can be improved by 10% at an SNR of 10 dB and a UE speed of 3 km/hr.

Related to prediction-based CSI, some companies (Intel, Nokia/NSB, Thales, and Ericsson) are of the view that this can be achieved via implementation without any specification impact.   ZTE is of the view that prediction-based CSI may involve specification impact (e.g., UE reports additional parameters, e.g., variant rate of CQI, in CSI).
Based on offline discussion, the following is concluded for CSI prediction for NTN:  

Offline Conclusion 4:  Based on results from two sources under NLOS conditions, CSI prediction improves throughput compared to the case with no CSI prediction.
· CSI prediction can be achieved via implementation and there is no consensus on specification based CSI prediction enhancements for NTN.

Regarding the overall conclusion for CSI/AMC, the following is concluded based on offline discussion:
Offline Conclusion 5:  The CSI framework specified in NR Rel-15 can be used for NTN link adaptation.  Optimizations would require further study.


Beam Management
The proposals related to Satellite beam switching are given in Section 4.3 of this paper.  The proposals can be summarized as follows:
· ZTE propose to consider the NR Rel-15 beam management framework for Tx beam switching in NTN.  
· Panasonic observes that for frequency reuse 1, rel-15 beam management can be used.  For frequency reuse > 1, Panasonic think that two Rel-15 based schemes are possible: (1) one BWP for each satellite beam, and (2) one component carrier per satellite beam.
· Qualcomm proposes to consider additional BM CSI-RS configurations to support different satellite implementation needs
· CATT proposes to introduce a mechanism where the both the UL and DL BWPs are switched simultaneously using a single DCI to support fast satellite beam switching.
· MediaTek proposes that the concept of BWP can be used for frequency resource allocation among NTN beams, and that the network may configure a specific active BWP for UEs in a beam.
· Huawei proposes to increase the number of BWPs for NTN.

The views expressed for beam management for NTN are quite diverse.  Hence, to conclude the study on beam management for NTN, companies are asked to provide their views on whether or not beam management enhancements are needed for NTN.  If a company sees the need for beam management enhancements for NTN, companies are asked to comment on which of the above enhancements are beneficial for NTN.

	Company
	Comments and Views

	Samsung
	Rel-15/16 NR beam management should be considered as the baseline for NTN beam management. Enhancement/optimization to address features of NTN (e.g. long propagation delay, known satellite/UE mobility path, high Doppler, etc.) can be investigated when the specification is developed. 

	MediaTek
	In our TDoc R1-1912122 in A.I. 7.2.5.1 we showed in SLS simulations that frequency re-use factor 3 has significant throughput gain compare to frequency re-use factor 1. The concept of BWP can be used for a dynamic/scalable frequency resource allocation among NTN beams to allow a softer frequency re-use which we believe can improve the system spectral efficiency. The other way is to configure different carriers for the frequency re-use factor 3 which is a different implementation with less flexibility than BWPs. We think BWP configuration aspects for NTN and whether enhancements are needed should be considered further in the WI phase with re-suing rel-15 beam management mechanisms as baseline.  

	
	

	
	

	
	

	
	



Regarding beam management for NTN, the following is concluded based on offline discussion:

Offline Conclusion 6:  Beam management and BWP operation for NTN with frequency reuse are to be discussed further in the WI phase.  The rel-15/16 beam management and BWP operation are considered as baseline.


Polarization Mode Configuration
Another issue raised in several company contributions is on polarization mode configuration/signaling. The proposals related to polarization mode configuration are given in Section 4.4 of this paper.  In NTN networks, neighboring cells use different polarization modes (RHCP and LHCP) to mitigate inter-cell interference.  Based on proposals from Ericsson, Huawei/HiSilicon, and Panasonic, the following conclusion is proposed:

Offline Conclusion 7:  Signaling of polarization mode is beneficial for NTN in certain scenarios. 
-> whether to support the signaling is for further study.

Companies are encouraged to provide their views on the above proposals.
	Company
	Comments and Views

	
	

	
	

	
	

	
	

	
	



Uplink Transmission timing
There are a few proposals for uplink transmission timing which are summarized in Section 4.5.  We’ll further discuss these proposals offline after concluding on other topics.

Impact of feeder/service link switch on PHY procedures
In R1-1912724, Ericsson points out that RAN2 has studied the impact of feeder/service link switch on higher layer protocols and that it is essential that the PHY layer design in NTN considers the impact of feeder/service link switch to ensure a smooth transition. Ericsson suggests that RAN1 should identify the impact of feeder/service link switch on NTN PHY layer and if necessary, study solutions to enhance PHY layer procedures, transmissions and receptions of physical channels and signals to cope with feeder/service link switch.
In R1-1913131, Thales propose that Handover based solution to feeder link switch can be considered as the baseline for NTN.  Thales also further propose that the impacts of seamless feeder link switch and its impact on NTN PHY layer procedure can be discussed during WI phase.
Given the limited input from companies on this topic, the following conclusion is proposed to be captured in TR 38.821:
Offline Conclusion 8:  Impacts of feeder link switch on physical layer procedures have not been studied in detail during SI 
· [If the satellite is able to provide two simultaneous feeder links, then Handover based solution for feeder link switch can be used].


Companies are encouraged to provide their views on this issue.
	Company
	Comments and Views
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[bookmark: _Ref5265092]RP-190710, “SID NR-NTN solutions_v61”.

[bookmark: _Ref5582265]Appendix: Proposals in the summarized contributions
Proposals on UL power control
	Company
	Proposal

	Ericsson (R1-1912724)
	Proposal 2	RAN1 to conclude that adaptive UE configuration of L3 filter coefficients supported by RRC configuration is beneficial.
Proposal 3	RAN1 to capture the necessity of prompt UL power control adaptation for coping with channel transition from LOS to NLOS conditions in an NTN in the TR 38.821. The potential work item formulation should consider how to quickly adapt UE’s UL power in an NTN network.

	Intel (R1-1912211)
	Observation:  No major issues are identified for UL power control

	MediaTek (R1-1912123)
	Observation 1: UE transmission power headroom and long RTD limits effectiveness of closed-loop UL power control.
Proposal 1: The open-loop UL power control parameters power offset P0 is beam specific and fractional compensator factor  is common for all UEs.

	Nokia, Nokia Shanghai Bell (R1-1913016)
	Proposal 3: Use different power control parameters such P0 and alpha for different HARQ type (i.e. enabling/disabling).

	Samsung (R1-1912469)
	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.

	Sony (R1-1912347)
	Proposal 1: Power control procedure based on using the satellite ephemeris should be supported.

	Thales (R1-1913131)
	Proposal 2:  No modification on the standard for control loops (e.g. AMC or power)  is necessary for NTN.

	ZTE (R1-1912611)
	Proposal 1: The open-loop power control mechanism should be prioritized for NTN via the implementation of network under the framework of existing PC design.
Proposal 2: Existing power head room reporting can be still considered for NTN in case of VSAT terminal.
Proposal 3: High power UE (handheld) is preferred to support the eMBB application in case of GEO.
Proposal 4: Capturing the conclusion that for NTN, the existing PC mechanism in Rel-15 can be reused.



Proposals on AMC/CSI feedback
	Company
	Proposal

	CATT (R1-1912164)
	Proposal 2: Support additional BLER target to reduce the retransmission latency by either reusing URLLC or defining new BLER target. 
Proposal 3: Consider finer CQI/MCS granularity based on NTN link budget and channel environment.

	[bookmark: _Hlk24915127]Ericsson (R1-1912724)
	Observation 1	For LOS conditions, which represent the vast majority of the NTN channel conditions, the throughput loss due to CSI aging is fairly limited.  For instance, at a SNR of 15 dB, there is a throughput loss of around 15% as the feedback delay increases from 6 ms to 40 ms at a UE speed of 3 km/hr.
Observation 2	For NLOS conditions, which happen less often in NTN channel conditions, the throughput loss is more notable.  For instance, at a SNR of 15 dB, there is a throughput loss of around 35% as the feedback delay increases from 6 ms to 201 ms at a UE speed of 3 km/hr.
Observation 3	For NLOS conditions, which happen less often in NTN channel conditions, the throughput loss saturates beyond a certain feedback delay depending on the UE speed.  For instance, the throughput loss saturates beyond 40 ms feedback delay at a UE speed of 3 km/hr.
Observation 4	With a UE speed of 30 km/hr, there is almost no observable throughput loss as the feedback delay increases from 6 ms to 201 ms.
Observation 5	At 3 km/hr UE speed with ideal channel estimation, channel averaging to capture long-term fading does not improve throughput compared to the case with no channel averaging.
Proposal 1:  RAN1 to capture the results about the impact of delayed CSI on throughput performance as well as the corresponding observations in the TR 38.821.

	Huawei, HiSilicon (R1-1911859)
	Observation 1: Prediction-based CQI feedback can provide throughput enhancement in the medium to high SNR range, with maximum gain about 10% in the medium SNR range.
Proposal 1: Prediction-based CSI reporting can be considered in NTN.

	Intel (R1-1912211)
	Observation:  No enhancements with specification impact are identified to solve channel aging issue for CQI feedback

	Nokia, Nokia Shanghai Bell (R1-1913016)
	Proposal 4: CQI offset applied by gNB can be used for UL/DL MCS selection in NTN without specification impact. 
Proposal 5: Prediction-based link adaptation can be implemented at the network side, and UE is expected to report what UE measures.
Proposal 6: Short-term CQI reporting might be better than long-term CQI reporting in LEO scenario.
Proposal 7: Performance evaluation is needed if introducing new BLER target for MCS selection and CQI reporting.

	Qualcomm Incorporated (R1-1912955)
	Proposal 1: Consider increased CQI levels for NTN.
Proposal 2: Consider additional target BLER other than 1e-1 and 1e-5 for CQI reporting for NTN.

	Sony (R1-1912347)
	Proposal 2: RAN1 should support prediction-based link adaptation using information related to the position of gNB and UE.
Proposal 3: Enhancement of CQI reporting and/or MCS for disabling of HARQ should be supported.
Proposal 4: Repetition with same or difference redundancy version for disabling HARQ should be supported.
Proposal 5: Enhancement of CQI, MCS and repetition for HARQ disabling is only applied to HARQ process with HARQ disabling.

	Thales (R1-1913131)
	Proposal 2:  No modification on the standard for control loops (e.g. AMC or power)  is necessary for NTN.

	[bookmark: _Hlk24915077]ZTE (R1-1912611)
	Observation 1: Significant performance loss will occur in case of scheduling with conservative ACM.
Observation 2: Significant performance loss will occur due the CSI aging with longer CSI feedback delay.
Observation 3: No improvement on the performance can be achieved via scheduling based on long term CSI in case of longer CSI feedback delay.
Observation 4: Performance gain can be achieved with introduction of prediction based CSI feedback.
Proposal 5: Prediction based CSI report with additional parameters can be considered for NTN.



Proposals on Beam Management
	Company
	Proposal

	MediaTek Inc. (R1-1912123)
	Observation 2: With option ‘a’ with one PCI mapped to multiple beams and one SSB mapped per beam, the difference with rel-15 NR beam management is that the beams are in different location with no or only partial overlap.
Proposal 2: Option “a” with one PCI mapped to multiple beams and one SSB mapped per beam is used with rel-15 NR beam management.
Proposal 3: The concept of BWP can be used for frequency resource allocation among NTN beams. Network may configure a specific active BWP for UEs in a beam (all UEs in a beam are associated with the same active BWP). Different beams may be associated with different active BWPs
Proposal 4: A bandwidth part can be used for initial cell access with several beams and corresponding SSBs.
Proposal 5: An active bandwidth part for connected UE can contain one or several beams, where  SIB and CSI-RS are transmitted in each beam

	Huawei, HiSilicon (R1-1911859)
	Proposal 4: Extend the number of supported BWPs for NTN.

	CATT (R1-1912164)
	Proposal 1: Support BWP switching enhancement mechanism used for satellite beam switching to reduce beam switching latency.  

	ZTE (R1-1912611)
	Proposal 6: Capturing the conclusion that for NTN, beam management based on current specification can be considered to achieve the Tx beam switch at gNB side.

	Ericsson (R1-1912724)
	Proposal 5 RAN1 to discuss how to apply existing NR beam management framework to NTN and draw observations accordingly. A TP may be drafted based on the outcome of the discussions.

	Panasonic Corporation (R1-1912902)
	Observation 1: For frequency reuse 1, Rel.15 beam management mechanism can be used for satellite beam switching. 
Observation 2: For frequency reuse > 1, depending on satellite capability, two Rel.15 based schemes can be used. One is to divide system bandwidth into multiple BWPs (bandwidth parts) and use one BWP for each satellite beam, and the other is to use multiple carriers (or component carriers).
Proposal 1: Use analysis on beam management in section 2 as a base of TP to TR38.821.

	Qualcomm Incorporated (R1-1912955)
	Proposal 3: Consider additional BM CSI-RS configurations to support different satellite implementation needs.



Proposals on Polarization Mode Configuration/Signaling
	Company
	Proposal

	Ericsson (R1-1912724)
	Proposal 4 RAN1 to capture the necessity of supporting the configuration of polarization modes for transmissions and receptions in an NTN network in the TR 38.821. The potential work item formulation should consider how to support UEs with different polarization schemes/capabilities in an NTN network.

	Huawei, HiSilicon (R1-1911859)
	Proposal 3: The indication of polarization state for NTN should be supported.

	Panasonic Corporation (R1-1912902)
	Proposal 2: At least operation with fixed polarization per cell/beam and operation with intra-UE and inter-UE multiplexing by circular polarization should be supported. 
Proposal 3: Explicit notification on polarization to the UE should be supported. Signalling details should be discussed in potential work item phase.





Proposals on Uplink Transmission Timing
	Company
	Proposal

	Asia Pacific Telecom (R1-1912246)
	[bookmark: _Toc24036164]Revise the RAN1#98-Bis agreement by specifying slot n as “UL slot n”.
Based on our proposal, the agreement can be revised as follows:
	CR for the Agreement in RAN1#98-Bis
· [bookmark: _Hlk24036149]When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in UL slot n, 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).


[bookmark: _Toc24036150]
Observation 1  For LEO-600km with transparent payloads, UE may apply a MAC-CE command 15ms later than NW receives the corresponding HARQ feedback.
[bookmark: _Toc24036165]When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in UL slot n, 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 n + X, where X is FFS.


	CMCC (R1-1912535)
	Proposal 1: Default timing offset (), which is only determined by common TA, can be used for random access procedure.
Proposal 2: After RRC connection setup, UE specified timing offset () can be signaled by higher layers.
Proposal 3: Extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE to larger than 15, e.g., 31.

	Huawei, HiSilicon (R1-1911859)
	Proposal 2: A hierarchical timing offset indication mechanism can be considered in NTN.

	ZTE (R1-1912611)
	Proposal 7: Extension of the value range of k1 in existing Rel-15 design should be supported in NTN.
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