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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:
For UL transmission timing, introduce an offset Koffset for NR NTN.
· For UL HARQ-ACK on PUCCH, where HARQ ACK on PUCCH is transmitted on slot n + K1 + Koffset when a scheduling DCI is received in slot n.
· For UL transmission on PUSCH, where PUSCH is transmitted on slot  when a scheduling DCI is received in slot n.
· For CSI transmission on PUSCH, where CSI on PUSCH is transmitted on slot n +K+Koffset, when the DCI with CSI request is received in slot n and K is selected by the DCI.
· For a CSI report in uplink slot n’, the CSI reference resource is given in downlink slot n-nCSI_ref, where  and nCSI_ref is as defined in 38.214.
· Koffset  is per beam or per-cell 
· FFS: Whether Koffset is derived from broadcast information or is signaled by higher layers

In this meeting, we further discuss the related procedure enhancements for NTN. 
Discussion 
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 RRC 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. 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.
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                   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 paired.
· 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.
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                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.  

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 open-loop UL power control in LEO case.  

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 3: Support additional BLER target to reduce the retransmission latency by either reusing URLLC or defining new BLER target. 
Proposal 4: Consider finer CQI/MCS granularity based on NTN link budget and channel environment.   

Timing relationship for NTN transmission  
In last meeting, it was agreed to introduce an offset Koffset for NR NTN in UL transmission timing. This offset is used to compensate the UL timing advance in UL scheduling, since additional TA should be addressed in NTN. 
Regarding this offset indication, there are two FFS point. One is using which signaling to indicate it, and second is using implicit or explicit way to indicate it. 
For the first point, since this offset is agreed as per beam or per cell configuration, technically, SIB or RRC signaling are workable. Actually it could be UE specific with finer accuracy, though it may cause frequent updating due to TA variation.
For the second point, it should be noted that this offset is related to TA compensation. More specifically, this offset should be greater than maximum TA value. As illustrated in [3], if UE specific differential TA compensation is used, the offset could be associated with max RTT – reference RTT, while the full TA compensation is used, this offset is associated with max RTT. Based on full TA or UE specific differential TA compensation scheme, the DL scheduling timing is illustrated in figure 3 and figure 4 respectively. 


                   Figure-3 DL scheduling timing with full TA compensation



                   Figure-4 DL scheduling timing with UE specific differential TA compensation

The offset value of UE specific differential TA scheme can be smaller than that of absolute TA scheme. Then the signal overhead could be smaller. More importantly, for UE side, only TA difference within one cell should be kept in mind, no need to maintain full TA, which could simplify the UE implementation.
Hence, we propose this timing offset can be equal to max differential RTT, which will be aligned with PRACH TA compensation scheme.
Proposal 5: For UL transmission timing of NTN, the timing offset K_offset can be configured with max differential RTT.

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 distance based open-loop UL power control in LEO case.
[bookmark: _GoBack]Proposal 3: Support additional BLER target to reduce the retransmission latency by either reusing URLLC or defining new BLER target. 
Proposal 4: Consider finer CQI/MCS granularity based on NTN link budget and channel environment.   
Proposal 5: For UL transmission timing of NTN, the timing offset K_offset can be configured with max differential RTT.


References
[1] [bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]RAN1 #98 Chairman notes  
[2] R1-1909485, FL summary#0 for physical layer control procedures for NTN,	Ericsson
[3] R1-1910338, PRACH design and UL timing management, CATT 



image2.png
gNB

DClindicationfor new  UE transmits one PUSCH in
BWP scheduling new BWP

UE




image3.png
gNB

DCl indication for DL/UL UE sends|UL signal to

BWP switching both confirm BWP switching
completipn and assist UL

synchronijzation

UE




image4.emf
gNB

UE

T0

PDCCH

T0+T1

PUCCH

T0+T1+K0

T0+2*T1+K0+K1+maxRTT-TA

PDSCH

T0+T1+K0+K1+maxRTT-TA


oleObject1.bin
gNB


UE


T0


PDCCH


T0+T1


T0+T1+K0+K1+maxRTT-TA


PUCCH


T0+T1+K0


T0+2*T1+K0+K1+maxRTT-TA


PDSCH



image5.emf
gNB

UE

T0

PDCCH

T0+T1

PUCCH

T0+T1+K0

T0+2*T1+K0+K1+differ_RTT-TA

PDSCH

T0+T1+K0+K1+differ_RTT-TA


oleObject2.bin
gNB


UE


T0


PDCCH


T0+T1


T0+T1+K0+K1+differ_RTT-TA


PUCCH


T0+T1+K0


T0+2*T1+K0+K1+differ_RTT-TA


PDSCH



image1.wmf
2

'

2

DL

UL

nn

m

m

êú

=×

êú

ëû


