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Introduction
This document contains a summary of the contributions under AI 7.2.5.2 at RAN1#97. Discussions are summarized in Section 2 along with proposals.  The observations and proposals from individual contributions are listed in Section 4.
[bookmark: _Ref5582230][bookmark: _GoBack]Summary
The main topics in the contributions submitted to AI 7.2.5.2 are:
· UL power control
· AMC/CSI feedback
· Doppler shift compensation
· Satellite beam switching
· Uplink transmission timing

The discussions under each of these topics are summarized below.
UL power control
[bookmark: _Hlk5576443]The proposals related to UL power control are given in Section 4.1 of this paper.  
Most discussions revolve around the use of open-loop power control (OLPC) versus closed-loop power control (CLPC).  Some companies express doubts on the feasibility of CLPC due to the long RTT and propose to focus on OLPC.
· ZTE proposes that OLPC should be the baseline for further NTN studies.
· Huawei, Panasonic and Intel propose that both closed-loop and open-loop approaches can be considered for NTN.
· Samsung, Nokia, and Ericsson propose to study both OLPC and CLPC for NTN.
· ZTE, Sony and MediaTek propose that further studies are needed to verify the feasibility of CLPC in NTN scenarios.
CATT and Samsung propose distance based OLPC.  Through knowledge of the satellite and UE positions, the distance-dependent free-space pathloss can be calculated and compensated for in OLPC.  However, Nokia proposes OLPC without distance-based pathloss calculation should be studied first. 
Taking into account the views expressed, the following is proposed:

Proposal 1: Both open-loop and closed-loop power control are to be studied for NTN starting with NR Rel-15 power control features as baseline.  The applicable scenarios and scope for potential enhancements are FFS.  

	Company
	Comments and Views

	
	

	
	

	
	

	
	

	
	




AMC/CSI feedback
[bookmark: _Hlk5576566]The proposals related to AMC/CSI are given in Section 4.2 of this paper.
The main issue with AMC and CSI feedback in NTN is the long RTT which may make CSI reports outdated before they reach the gNB.
Different aspects of this are discussed and several studies of potential solutions are proposed:
· Study of prediction-based link adaptation is proposed by Huawei, Intel.
· CATT, ZTE and Qualcomm propose to consider other BLER targets for CQI reporting in order to limit number of retransmissions and thereby latency.
· Panasonic and Qualcomm propose to consider finer granularity of CQI to allow more accurate choice of MCS on a stable LoS channel.
· MediaTek and Nokia propose to study whether the existing CSI measurement/reporting mechanism in NR needs to be enhanced for NTN.
· Application of a CQI offset by the gNB is proposed to be studied by ZTE and Samsung.
· There are discussions/proposals around letting CQI reflect only long-term fading, averaging measurements in UE, using less frequent CSI reporting, prediction based CSI reporting etc.

Taking into account the views expressed, the following is proposed:

Proposal 2: Whether the CSI measurement/reporting mechanism in NR Rel-15 needs to be enhanced for NTN is for further study.

Proposal 3: Study the performance of AMC including potential solutions/enhancements in NTN.  Examples of potential solutions include:
· 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
· Other potential solutions are not precluded.

	Company
	Comments and Views

	ZTE
	In our view, the study on the CSI measurement/reporting mechanism can also be considered, more specifically on the content of CSI reporting since several solutions related to the CQI parts are proposed. Meanwhile, as mentioned in our contribution, prediction based CSI reporting can alleviate the impacts of CSI-aging issue, which is beneficial for the NTN with large RTT and high mobility.
So, I propose to remove the proposal 2 and updating the proposal 3 as below:
Proposal 3: Study the performance of AMC/CSI including potential solutions/enhancements in NTN.  Examples of potential solutions include:
· Prediction-based link adaptation with prediction confidence level
· Prediction-based CSI reporting
· 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
· Other potential solutions are not precluded.


	Samsung
	For NTN, due to long latency, the CSI measurement/reporting mechanism might need to be revisited. Therefore, we like to keep proposal 2.

	Nokia, Nokia Shanghai Bell
	We share the same view as Samsung and prefer to keep proposal 2.

	
	

	
	




Doppler shift compensation
[bookmark: _Hlk5579959]The proposals related to Doppler shift compensation are given in Section 4.3 of this paper.
Doppler shift compensation is discussed by CATT, MediaTek, Panasonic and Sony under AI 7.2.5.2.
[bookmark: _Hlk5579857]There are proposals for both open-loop Doppler shift compensation
· Satellite pre-compensates DL frequency to compensate for Doppler shift with respect to each spotbeam center. Residual Doppler will remain when UE is not in the beam center.
· UE has knowledge of satellite ephemeris, UE location and beam layout in order to estimate residual DL Doppler and compensate for it and UL Doppler in its transmissions

Proposal 4: Study open-loop Doppler shift compensation.

	Company
	Comments and Views

	ZTE
	Considering the discussion in last meeting, this part can be handled in section 7.2.5.3.

	
	

	
	

	
	




Satellite Beam switching

The proposals related to Satellite beam switching are given in Section 4.4 of this paper.
· Asia Pacific Telecom and ZTE propose to reuse the NR Rel-15 beam management framework for intra-cell mobility in NTN.
· Qualcomm proposes to consider additional BM CSI-RS configurations to support different satellite implementation needs
· CATT propose to consider BWP switching mechanisms to support fast satellite beam switching (example: UE acknowledgement of beam switching).

Proposal 5: Discuss and study beam switching mechanism including the impact on UE beam switching time and need for additional BM CSI-RS configurations in NTN.
· NR Rel-15 beam management framework is the starting point for discussions and whether further enhancements are needed is FFS.

	Company
	Comments and Views

	
	

	
	

	
	

	
	




Uplink Transmission timing
The proposals related to Satellite beam switching are given in Section 4.5 of this paper.  Most company proposals suggest adding an offset to transmission related timing in NTN scenarios.

Proposal 6: Study the impact of long RTT associated with NTN on UL transmission timing including adding an offset to transmission related timing.

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

	Company
	Proposal

	CATT (R1-1906324)
	Proposal 3: Support distance based UL power control in LEO case.  

	Ericsson (R1-1907415)
	Proposal 2:  Study UL power control in NTN taking into account the following factors:
a.	UL interference in different NTN scenarios
b.	UL transmit power headroom available for different NTN scenarios
c.	the magnitude of fast fading under strong LOS conditions seen in NTN scenarios

	Huawei, HiSilicon (R1-1905993)
	Proposal 2: Hybrid UL power control scheme incorporating both closed-loop and open-loop mechanism can be considered for NTN.

	Intel (R1-1906803)
	Proposal 1:  Open-loop power control should be used for NTN to compensate path loss and adjust signal power to target level via higher-layer configuration
· Aspects related to operation of open-loop power control for NTN should be further studied by RAN1.
Observation 1:  Enhancements of closed loop power control may be needed considering long propagation delay and/or high mobility of NTN terminal and spaceborne vehicle
· Extension of range of UL transmission power adjustment indicated by one TPC command can be considered to reduce number of TPC command transmissions

	MediaTek Inc (R1-1906467)
	Observation 4: Whether UE transmission power headroom is available to enable effective closed-loop power control has not been discussed in RAN1.
Proposal 9: Whether the closed-loop UL power control in NR Rel-15 needs to be enhanced for NTN is for further study.

	Nokia, Nokia Shanghai Bell (R1-1906086)
	Proposal 1: How to compensate for the path-loss and control the interference in open loop power control for different scenarios should be studied.
Proposal 2:  UL power control without UE location information should be studied in the first step.
Proposal 3: The close loop power control performance should be studied with the different delay for different scenarios.
Proposal 4: The power control behavior should also be studied when HARQ is disabled.

	Panasonic (R1-1907028)
	Proposal 1: For NTN, open-loop power control and closed-loop power control as in Rel.15 should be considered, at least for GEO satellite communication.
Proposal 2: For NTN, accuracy of open-loop power control should be studied.

	Samsung (R1-1906952)
	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.

	Sony (R1-1906829)
	Proposal 1: RAN1 should study methods of open-loop power control for NTN.

	ZTE (R1-1906871)
	Proposal 1: For NTN, open-loop power control should be considered as baseline. 
•	Applicable scenarios for the closed-loop power control with dynamic power adjustment should be verified if supported.



Proposals on AMC/CSI feedback

	Company
	Proposal

	CATT (R1-1906324)
	Proposal 4: CSI report should consider lower BLER target to reduce re-transmission possibility due to larger propagation delay in NTN case.

	Huawei, HiSilicon (R1-1905993)
	Proposal 1: Prediction-based AMC scheme can be considered for NTN.

	Intel (R1-1906803)
	Proposal 2:  	Study the reliability of CSI feedback for NTN considering large delays and high mobility of NTN terminal and spaceborne vehicle.
Proposal 3:  Consider MCS prediction at the gNB using information on mobility of NTN terminal and spaceborne vehicle

	MediaTek Inc (R1-1906467)
	Observation 2: The impact of latency in the DCI trigger / activation of aperiodic / semi-persistent CSI report on closed loop CSI/AMC effectiveness is un-known.
Observation 3: Whether multi-layer / multi-rank beamforming operations can be supported on the access link due to the link budget and satellite antenna configuration has not been discussed in RAN1.
Proposal 8: Whether the CSI measurement/reporting mechanism in NR Rel-15 needs to be enhanced for NTN is for further study.
Proposal 9: Open-loop mechanisms for CSI/AMC are for further study

	Nokia, Nokia Shanghai Bell (R1-1906086)
	Proposal 5: Whether the existing CSI measurement/reporting mechanism in NR needs to be enhanced for NTN could be for further study.

	Panasonic (R1-1907028)
	Proposal 3: For NTN, narrower range of SINR for CQI table and finer granularity within that range should be studied and evaluated.

	Qualcomm Incorporated (R1-1907277)
	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.

	Samsung (R1-1906952)
	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.
Proposal 2: The feasibility of both long term and short term CSI and RRM measurement and feedback should be further investigated.

	Sony (R1-1906829)
	Proposal 2: RAN1 should study open-loop link adaptation under configuration of the gNB.
Proposal 3: RAN1 should study the selection rule of transmission parameters such as MCS from predicted pathloss.

	ZTE (R1-1906871)
	Proposal 2: Following implementation-based methods can be considered as baseline for the transmission performance enhancements for ACM and CSI reporting.
	CQI offset applied by gNB：
	AMC with CQI reflecting only long-term fading
	Additional BLER targets for CQI reporting
Proposal 3: Additional enhancement on the CSI report, e.g., introduction of CSI prediction operation, can be studied for NTN.



Proposals on Doppler shift compensation

	Company
	Proposal

	CATT (R1-1906324)
	Proposal 1: Open-loop Doppler shift compensation should be applied for NTN case either by the network or by the UE.

	MediaTek Inc (R1-1906467)
	Proposal 5: It is for further study whether the UE determines the FD(UL) relative to the centre of the beam from satellite system information or satellite ephemeris UE.
Proposal 6: It is for further study whether the UE obtains mapping of Physical Cell IDs to satellite beams / cells, where at least the following options can be considered
(a)	via RRC pre-configuration 
(b)	via system information broadcast by cellular network on SIB
Proposal 7: The UE can search satellite beam / cell by detecting PCI-linked NR SSB.

	Panasonic (R1-1907028)
	Proposal 4: For NTN, Doppler shift pre-compensation by gNB should be considered for non-GEO satellite communication. Further enhancement can be studied.

	Sony (R1-1906829)
	Proposal 4: RAN1 should study the applicability of Doppler compensation for regenerative satellites to the transparent satellite deployment scenario.




Proposals on Satellite Beam Switching

	Company
	Proposal

	Asia Pacific Telecom, MTI (R1-1907357)
	Proposal 1	Support dynamic satellite-beamwidth switching for rain fade mitigation.
Proposal 2	Reuse the beam management framework of Rel-15 NR for Intra-Cell mobility in NTN.

	CATT (R1-1906324)
	Proposal 2: Consider using BWP switching mechanism to support fast satellite beam switching.

	Qualcomm Incorporated (R1-1907277)
	Proposal 3: Consider additional BM CSI-RS configurations to support different satellite implementation needs.

	ZTE (R1-1906871)
	Proposal 4: Beam management based on current specification can be considered for NTN to achieve the Tx beam switch at gNB side.




Proposals on Uplink Transmission Timing

	Company
	Proposal

	CATT (R1-1906324)
	Proposal 5: When configuring scheduling timing, the values of K1 and K2 should be larger than the relative TA at least.

	Ericsson (R1-1907415)
	Proposal 1:  Transmission timing of HARQ-ACK on PUCCH, and data/CSI on PUSCH should be studied in the Rel-16 NTN SI.

	Huawei, HiSilicon (R1-1905993)
	Proposal 3: A constant offset in transmission related timing can be considered in NTN.

	MediaTek Inc (R1-1906467)
	Proposal 1: The gNB can adjust scheduling delay for UL HARQ ACK on PUCCH by n + K1’ slots to accommodate satellite RTT, where K1’ = K1 + K1_ntnOffset.
Proposal 2: The gNB can adjust scheduling delay for UL scheduling delay for UL data transmission on PUSCH by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2’ slots to accommodate satellite RTT, where K2’ = K2 + K2_ntnOffset.
Proposal 3: The gNB can adjust scheduling delay for UL scheduling delay for aperiodic or semi-persistent CSI report on PUSCH by n + K’ slots, where K’ = K + K_ntnOffset.
Proposal 4: The scheduling NTN scheduling offset values K_ntnOffset, K1_ntnOffset and K2_ntnOffset are broadcast in SIB.

	ZTE (R1-1906871)
	Proposal 5: Extension of the scheduling time interval for uplink transmission should be considered for NTN with potential consideration on signaling overhead reduction
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