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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], the following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

Moreover, in [2], the following satellite beam configurations are considered as set-1 for evaluation.
Table 1: Example of satellite parameters and payload characteristics for downlink transmissions

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite beam diameter
	
	300 km
	150 km
	70 km

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


In this contribution, issues caused by the large RTT and mobility in NTN are identified for the physical control procedure with corresponding considerations.
2 Discussion on the physical control procedure

In current system, all of the transmission for both DL/UL is dominated by the gNB with corresponding closed-loop procedures to ensure the performance, e.g., CSI report including the beam management/ACM and power control. Moreover, especially for scheduling on UL including PUSCH/PUCCH, a proper time interval is defined between the reception of scheduling information and scheduled transmission with consideration of UE capability on grant processing, UL preparation as well as TA influenced at least for DCI-based UL scheduling. In NTN, the aforementioned aspects will be impacted due to the unique characteristics, e.g., large RTT, detailed analysis are listed below.
2.1 Issues for Power control
For UL transmission, in addition to the configuration for proper scheduling, UL power control is introduced for handling the interference among UE, e.g., near-far phenomenon, as well as maintenance of expected SINR. The first target can be achieved mainly by the adjustment of the open-loop parameters, e.g., factional compensator factor. And the indication of the parameter for dynamic power adjustment to the UE side via the DCI is used to deal with the variation of SINR due to the fast fading of propagation channel. W.r.t the second part, the accuracy of this adjustment is also sensitive to the variation of fast fading and transmission delay.

In NTN system, the end to end transmission delay will be different in each scenario with either transparent or regenerative load at different altitude. More specifically, in case of UE served by the satellite with regenerative load (altitude: 600km), the RTT will be within the range from 4 ms to 12 ms by assuming the supported minimum elevation angle equating to 10 degree. But as shown in Figure 1 with assumed transparent payload at satellite, this value for the UE within the coverage of one spot beam will be determined by the distance among satellite, earth station and terminal, respectively. As the typical examples mentioned in [3], the maximal RTT will be up to 41.75ms and 541.14 ms for LEO with altitude equating to 1200 km and GEO, respectively, which is much larger than RTT in existing cellular system. 
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Figure 1 Illustration of end-to-end transmission for NTN with transparent load at satellite
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Figure 2 Illustration of PL variation in LOS over time per elevation

In this case, w.r.t the open loop procedure in power control, since the variation of the large scale attenuation is dominated by the changes of separation distance as shown in Figure 2 , which is the negligible for the satellite service in LOS case regardless of the payload type and altitude. It demonstrates that the open loop operation with configured/updated parameters, e.g., α, via RRC, is still valid for optimizing the UL transmission power for UL interference mitigation. However, for the dynamic power adjustment, the validity is questionable since the short-term channel condition due to the fast fading may be changed within the RTT. Therefore, disabling of dynamic power adjustment can be considered in NTN.

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.
2.2 Issues for ACM/CSI mechanism
· ACM (adaptive coding and modulation)/CSI reporting 
In NR, the scheduling of DL/UL mainly relays on the ACM with consideration of obtained channel state information via either directly UL measurement or feedback for UE side. For example, for DL transmission, the scheduling configuration, e.g., MCS and supported MIMO layers, are fed within the corresponding report can via either periodic/semi-persistent with different periodicities or aperiodic way to ensure the accuracy of report with the tradeoff between of channel variation and signaling overhead. Similar as the dynamic power control mentioned in section 2.1, the robustness of following scheduling based on the obtained CSI relays on the variation of fast fading and transmission delay. In cellular system, the transmission delay is assumed as negligible in the air-interface transmission. 
For NTN system, due to the large RTT, the accuracy of MCS assignment for scheduling will be degraded due to the aging of CSI. In this case, from the implementation perspective, following solutions can be considered to enhance the robustness of scheduling：
· CQI offset applied by gNB：
As mentioned in [3], the offset can be applied by gNB to achieve the robustness scheduling with conservative MCS, which value can be considered to match the worst propagation case in case of presence of fast fading.
· AMC with CQI reflecting only long-term fading
For the propagation channel, the effects of long-term fading can be achieved by filtering or averaging the obtained channel for each time instant. In current specification, the corresponding operation can be achieved in following ways:

1. From UE perspective, in case of periodic CSI reporting, the calculation of CQI can be conducted with considering the measured channel within certain duration, which is up to the capability of each UE. 
2. From gNB perspective, for each scheduling, the CQI for MCS selection can be calculated based on the previous received N CQIs to approximate the long-term fading
· Additional BLER targets for CQI reporting
As mentioned in [3], for reducing the latency of scheduling, similar as URLLC, the MCS table with lower transport block error probability as well as spectral efficiency will be used for the DL/UL transmission (e.g., Table 5.1.3.1-3[5]) and CSI report (Table 5.2.2.1-4 with target BLER less than 0.001% [5]).
However, via the above solution, the robustness of transmission is achieved with sacrifice the corresponding spectrum efficiency since the match between scheduling and propagation channel cannot be well achieved. In this case, potential enhancement with consideration on the characteristic of NTN channel can be studied. More specifically, for NTN, the propagation will be mainly dominated by limited paths with larger Doppler shift and spread due to the high mobility and less impacts of local scatterers, especially for the case with terminal by using VSAT-alike antenna, which will lead to the lower number of supported RANK for transmission than the traditional cellular system as well as the relative stable pattern of channel variation in time domain. Then, the influence of channel aging can be reduced if corresponding adjustments is autonomously conducted at BS according to the channel report with parameters used to mode the changes of channel.

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.

· Beam management 
As mentioned above, the satellite parameters sets with small beam diameter was agreed, e.g., 20 km for LEO-600 in S-band. Based on this assumption, the available serving duration for each beam will be less than 3s. With this assumption, for achieving the continuous services, the beam switch should also considered. In this case, such kind of operation is preferred within the framework of beam management instead of the higher layer handover via RRM, namely, multiple satellite beams are belong to same cell. Moreover, for alleviating the inter-beam interference as results listed in [7], frequency allocation pattern with frequency reuse (FR) factor equating to 4 as illustrated in Figure 3 should be considered. According to the current specification, this kind of operation can be conducted with BWP configuration.
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Figure 3 Illustration of frequency allocation per beam with FR factor = 4
Based on the assumption above, the BM for NTN can be still conducted based on current specification via implementation with following details in case of UE in different RRC states, e.g., initial access, idle and RRC connected:
· For initial/idle：
During this stage, the UE mainly is required to monitor the SSB and scheduling for common information, e.g., SI and paging. According to current specification, the TDM allocated SSB within same frequency band, e.g., initial-BWP (or default-BWP) can be used for BM management. More specifically, the best Tx for satellite is implicated indicated to gNB once the UE will conducted corresponding UL transmission.
· For connected mode:

As mentioned before, for normal scheduling, the UEs associated to the selected Tx beam at satellite side will be served in dedicated BWP. In this case, based on current spec, belong in same BWP, the BM for UE side can be conducted with several RSs configured as single set with “repetition” is set to “on”. W.r.t the gNB side training, since the UE is not expected to conduct the L1-RSRP in inactive BWP, the measurement on the Tx beam can be conducted by multiple CSI report together with BWP switch. Then, based on the reported L1-RSRP, the best beam for each UE will be known at satellite side. 
Proposal 4: Beam management based on current specification can be considered for NTN to achieve the Tx beam switch at gNB side.

2.3 Issues for UL scheduling

· Msg-3 scheduled by RAR 

As defined in [6] the transmission of Msg3 will be conducted at slot
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 is the slot UE receives RAR. 
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 is a parameter determined by CP format (normal or extended), SCS and row index (PUSCH time resource allocation in RAR) according to Table 6.1.2.1.1-2 and Table 6.1.2.1.1-3 given in [6]. Moreover, 
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 is an offset introduced for Msg3 transmission in RACH, which is also related to numerology. Based on current protocol, the maximum interval between RAR reception and Msg3 transmission for different numerologies is given in Table 2.

Table 2 Maximum time interval between RAR and Msg3

	µPUSCH
	maximum duration(slots)
	maximum duration(ms)

	0
	6
	6

	1
	7
	3.5

	2
	9
	2.25

	3
	12
	1.5


It can be found that the maximum time interval between RAR and Msg3 is 6 ms, which is smaller than TA to be adjusted in NTN (at maximum hundreds of microseconds). In this case, the scheduling on Msg-3 will be failed as illustrated in Figure 4, since with adjustment of TA, the timing for the transmission of Msg-3 is even earlier than the reception of RAR.
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Figure 4 Illustration of the scheduling of Msg3 via RAR 

· PUSCH scheduled by DCI

In existing specification, the transmission of PUSCH should fulfill with the corresponding requirement on PUSCH preparation, i.e., the first uplink symbol should not be transmitted early than the L2 after the end of the reception of the last symbol of DCI with corresponding grant with consideration of scheduling offset k2, allocated start of PUSCH as well as effect of timing advanced. The detailed definition of L2 can be found in [5]. Similar as the Msg-3 scheduling, failed UL transmission will always occur since the maximum supported k2 value is only 32 slot (corresponding to 32ms in case of SCS = 15 KHz). 

Observation 1: UL scheduling error will occur due to the limited supported value of k2. 
In order to resolving the issue above, extension of corresponding interval for scheduling should be expected for NTN. A straightforward way would be to increase the value range of k2. However considering the required value will be up to hundreds of microseconds, potential methods to reduce the required overhead for signaling.

Proposal 5: Extension of the scheduling time interval for uplink transmission should be considered for NTN with potential consideration on signaling overhead reduction

3 Conclusions
In this contribution, potential issues related to the close-loop procedure due to the large RTT in NTN have been discussed with following proposals:

Observation 1: UL scheduling error will occur due to the limited supported value of k2. 
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.
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.

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

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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