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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the physical layer control procedure, there were some discussions on beam switching, power control and UL timing control etc in past meetings. In last meeting, regarding the UL transmission timing, a few agreements were concluded as follows [1]: 
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.

In this meeting, we further discuss the related procedure enhancements for NTN. 
Discussion 
Beam switching enhancement   
In NTN scenario, beam switching happens frequently. In LEO case, typical beam switching period is about 10 seconds. No matter cell based handover or L1 beam based handover, some issues should be investigated.
For cell based handover, the beam switching would cause much signalling resource consumption, for example, at least a 3-step RACH procedure will be used, and RRC reconfiguration should be implemented. Moreover, latency is a big issue due to longer RTT in NTN scenario. Then the beam switching performance should be optimized.
For L1 beam based handover, it may have some problems if reusing legacy beam switching as Rel-15. When adjacent beams are configured with different frequency band, Rel-15 beam switching is not workable. Because in Rel-15, same frequency band is assumed in beam switching, and all DL or UL transmission configuration is BWP specific, not beam specific.
For typical satellite system, frequency reuse factor is often more than 1, which can reduce the inter-cell interference. Hence, when one beam is leaving and new beam is coming, UE has to connect the new beam in new frequency band. If using cell level handover, the signalling procedure will require 2 RRC messages, 1 PRACH transmission and 1 RAR message between UE and gNB. If using L1 signalling based on BWP switching, it could reduce the handover latency significantly. For example, using DCI based BWP switching, only two messages are needed.
As shown in table 1, the signaling overhead and latency are shown for different schemes. In case of cell based handover, RRC signalling is used, while in case of L1 beam based handover, DCI signalling is used.

Table 1: Performance comparison for inter-frequency beam switching 
	RRC based switching vs DCI based switching in transparent payload
	LEO 600
	LEO 1200

	Latency 
	More than 20 ms vs vs 8 ms
	More than 40ms vs 12 ms

	Signalling message number
	4 messages vs 2 L1 messages
	 4 messages vs 2 L1 messages



For inter-frequency beam usage, BWP based handover should be applied. At first, we analyze the issues of Rel1-5 scheme. The legacy UL BWP swtiching flowchart is shown in the figure 1.
In the legacy Rel-15 BWP switching, one DCI signalling is used to indicate BWP swtiching, and UE will receive a data packet or transmit a packet in new BWP. However, some limitations are idenitified in NTN beam switching:
· BWP swtiching in UL and DL is separately configured, which is unsuitable for FDD NTN scenario.
· If BWP switching fails, UE can fall back to initial BWP, however, it is impossible in NTN case.
· BWP switching is coupled with data scheduling, so no dedicated BWP signalling for BWP switching only.
· Re-synchronizaiton procedure is not required in BWP switching procedure.

[image: ]
                   Figure 1: UL BWP switching in NR R15 

In order to make it robust in BWP switching in NTN scenarios, some additional enhancements should be considered to fit NTN scenarios:
· DL BWP and UL BWP should be switched together.
· DL synchronization and UL synchronization should be re-estabilished if different beams correspounds to different RF branchs of a satellite. 
· UE should inform the gNB about the BWP switching completion via UL signal transmission. 
· Network should trigger the UE to do BWP switching dedicatedly for beam swtiching only..
With above technical optimization, the beam switching based on BWP for NTN case could be feasible and reliable. A BWP switching example is shown in the figure 2.
[bookmark: OLE_LINK20][image: ]
                Figure 2: BWP switching solution for NTN beam switching 

Proposal 1: Support BWP switching enhancement mechanism used for satellite beam switching to reduce beam switching latency.  

CSI feedback and AMC enhancement   
In the RAN1 #97 meeting, a few of AMC enhancement schemes were proposed:
· 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

When looking at these schemes closely, we think additional BLER targets for CQI reporting to limit number of retransmissions and latency and finer granularity of CQI are more reasonable. Due to long propagation delay, data retransmission probability should be decreased via certain way. When setting a higher BLER target, for example, 10^-3 or 10^-5, the transmission reliability will be improved with tens or hundreds of times. Then the retransmission probability will be reduced. It is noted that in Rel-15 URLLC specific BLER target has been supported to improve transmission reliability, nevertheless, new BLER target fitting for NTN case still can be discussed. 
In case of finer granularity of CQI, it is feasible for the LOS channel of NTN, actually sometime which is equivalent to AWGN channel for high frequency band, so the CQI granularity can be smaller to reflect the decoding capability like in AWGN channel. Another reason is poor link budget. During the simulation process of NTN, we found the SINR range is smaller compared to terrestrial network. In typical eMBB case, 1 dB gap is designated for MCS table, now for NTN case, less than 1 dB MCS gap should be considered to reflect real channel conditions.
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.   


Conclusions
In this contribution we analyzed the possible issues of NTN and provided our following proposals for physical layer procedure enhancement to optimize NTN system performance: 
Proposal 1: Support BWP switching enhancement mechanism used for satellite beam switching to reduce beam switching latency.  
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.   
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