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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the physical layer control procedure, some agreements were reached in RAN1 #97 meeting [1] as follows:   
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

In this contribution we provided our views on some physical procedure enhancement based on the NTN scenario characteristics and related discussion summary in [2].

Discussion 
Satellite beam switching enhancement   
Due to fast satellite beam moving, UE should track the serving beam change. Based on satellite ephemeris information, UE can conduct beam measurement before beam switching or handover. Actually one cell may include one or multple satellite beams, so UE can perform L1 beam switching or L3 cell handover according to requirement. However, frequent handover and beam switching will consume much system resource, and also complicate UE processing. In LEO case, typical beam switching period is about 10 seconds. Hence, some optimizations should be considered.
For typical satellite system, frequency reuse factor is 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 4 messages flow 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, which can reduce latency 10ms at least, if assuming RTT is equal 10ms for LEO 1500km. 
Regarding BWP switching method, DL BWP and UL BWP should be switched together. On top of Rel-15 BWP switching mechanism, additional consideration is that how to ensure the reliability of satelliate beam switching. For example, DL/UL pre-synchronization and UE acknowledgement to beam switching should be further studied. 
In order to guarantee the switching reliablity, one simple way is to schedule one PRACH or one PUSCH to confirm the BWP switching completetion.
[bookmark: OLE_LINK20]Proposal 1: Support BWP switching enhancement to reduce overhead and latency of satellite beam switching.  

[image: ]
                   Figure 1:  Beam and BWP mapping 

Power control enhancement   
In NTN, due to longer RTT, the close-loop power control is a bit slower, which is hard to track channel environment variation when UE and satellite are being in fast moving. In another hand, if the channel condition is static in LOS scenario, using DCI indication might waste the signaling resource. 
Hence, open-loop power control based on distance can be considered. If UE is aware of its location, UE can derive the distance to satellite or gateway. Then UE can adjust its transmission power level based on distance change. For GEO case, due to smaller distance change compared to base distance, it will not be suitable for distance based power control. However, for LEO case, it is reasonable to have this feature. If distance based power control is applied, a basic method is to define a reference distance, and then UE can adjust its power level based on the distance offset related to the reference distance.
Another related aspect in NTN case is inter-cell interference difference. In terrestrial network, the inter-cell interference is varied quickly. But in NTN case, the interference situation is different because frequency reuse factor is larger compared to terrestrial network, which makes the interference change slowly. Hence, semi-static close-loop power adjustment from gNB may be enough on top of open-loop power control if addressing inter-cell interference change.
  
Proposal 2: Support distance based UL power control in LEO case.  

CSI feedback and AMC enhancement   
In the last 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. 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.
Proposal 3: Support additional BLER target to reduce the retransmission latency 
Proposal 4: Consider finer CQI granularity for NTN case.  

Timing relationship for NTN transmission  
In NR, a set of parameters are used to define the timing relationship for DL and UL transmission. K0 is used for setting the time gap between PDCCH and PDSCH, while K1 is used to specify the time gap between PDSCH and PUCCH, and K2 is used to specify the time gap between PDCCH and PUSCH. Due to short TA usage in terrestrial network, no special consideration is raised in NR. But in NTN case, the related parameters should take into account TA impact.
In DL scheduling, K1 configuration is relevant with UE processing delay and TA. As shown in the figure 1, the PUCCH transmission should not be before the PDSCH reception. In NTN, it will require the K1 value should cover TA plus processing delay or define an additional TA offset, illustrated in figure 2. Considering the TA duration is larger than that of terrestrial network, the K1 parameter needs to be extended.  
Similarly, in UL scheduling of NTN, K2 configuration should consider the UE processing delay and TA. PUSCH transmission should not be before the PDCCH reception, shown in the figure 3.
As discussed in another companion contribution [3], if GEO system is used, the propagation delay is very large. Absolute TA compensation will complicate the UE processing and system design. Then relative TA compensation is desired. In this sense, K1 and K2 are only required to cover the relative TA. Obviously, it simplifies the system design, since the relative TA is only related to cell size, not related to the whole propagation delay.


                   Figure-2  DL scheduling timing


                           Figure-3  UL scheduling timing 

[bookmark: _GoBack]Due to TA change for one UE when satellite beam is moving, it is possible to configure a large TA offset to combine the K1 or K2 value to formulate final scheduling timing. Actually in initial access stage, this TA offset can be derived from RTT parameters, for example, TA offset=max RTT- min RTT. The max RTT and min RTT can be indicated from SIB signaling. In case of RRC connected mode, this TA offset can be indicated from gNB with RRC signaling, however, due to satellite moving, UE still can use SIB information to achieve the scheduling timing offset to avoid frequent RRC signaling to update it.
Observation 1: If reusing the NR mechanism in timing definition, additional TA offset could be considered to compensate the timing change in NTN.

Proposal 5: When configuring scheduling timing, additional TA offset can be derived from RTT indication in the SIB signalling.

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 to reduce overhead and latency of satellite beam switching.   
Proposal 2: Support distance based UL power control in LEO case.  
Proposal 3: Support additional BLER target to reduce the retransmission latency 
Proposal 4: Consider finer CQI granularity for NTN case.  
Proposal 5: When configuring scheduling timing, additional TA offset can be derived from RTT indication in the SIB signalling. 
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