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1 Introduction
In RAN1#98bis meeting, the following agreements related to the physical control procedure for NTN have been achieved [1]: 

Agreement:
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 [image: image2.png]


 for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in slot [image: image4.png]n+ K, +A+ Kyrreor



. 
When the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot [image: image6.png]


, 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 [image: image8.png]me j
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 (X can be determined when specifications are developed).
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 [image: image12.png]USRS
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 may take different values for each of the identified timing relationships that need to be modified for NTN.

In this contribution, remaining issues on the control procedure, e.g., scheduling, are considered..
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/AMC 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 on the UE capability of grant processing, UL preparation and influence of TA for DCI-based UL scheduling. In NTN, the aforementioned aspects will be impacted due to the unique characteristics, e.g., satellite mobility, detailed analysis are listed below.

2.1 Issues for Power control

As the above agreement listed above, both open and closed-loop power control are expected to be studied for NTN. In general, 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 adjusting 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. 

However, in NTN system, the propagation channel is mainly dominated by LoS condition as highlighted in [2]. It will lead to the less variation of the path loss even with high mobility of satellite. 
Based on the above analysis, the open loop operation with configured/updated parameters, e.g., α, via RRC, is more preferred for optimizing the UL transmission power for UL interference mitigation via simplified configuration from network based on existing PC design.
Moreover, as the preliminary link budget results for UL listed in [3], it can be found that at least for the UL with VSAT terminal, promising CINR value can be achieved. In this case, the power control with power head reporting can be considered. In other case, e.g., with class-3 terminal, the full power transmission can be starting point in NTN systems. Moreover, if the eMBB application will be supported by NTN for class-3 terminal, especially in GEO case, the high power UE is more preferred to improve the UL performance together with other enhancements.
Proposal 1: The open-loop power control mechanism should be prioritized for NTN via the implementation of network under the framework of existing PC design.
Proposal 2: Existing power head room reporting can be still considered for NTN in case of VSAT terminal.

Proposal 3: High power UE (handheld) is preferred to support the eMBB application in case of GEO.

Proposal 4: Capturing the conclusion that for NTN, the existing PC mechanism in Rel-15 can be reused.
2.2 Issues for ACM/CSI mechanism

· ACM (adaptive coding and modulation)/CSI reporting 
As mentioned in last meeting, several solutions, e.g., CQI offset, can be considered for the ACM. However, according to the simulation shown in [4], it can be found that significant performance loss will be experienced if the implementation based solution with conservative scheduling configuration. 
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Figure 1 Performance comparison with different CQI feedback delay

Moreover, as the results shown in Figure 1, it can be found that, with the assumption listed in Table 2 for emulating the different CQI feedback delay due to the RTT impact, the performance of traditional CQI feedback method is degraded, especially for NLoS case. Meanwhile, since the RTT is already larger than the coherent time duration, the performance degradation will be saturated with increasing of feedback delay.

In such case, in order to overcome the CSI aging due to large Doppler and RTT, both implementation based solution and enhanced CSI reporting via prediction are evaluated. 
· W.r.t the implementation based solution：
 The scheduling is done according to the long term CSI by performing the averaging over the reported CSI within the predefined window. Performance for both LoS and NLoS case with different window length for averaging are shown in Figure 2. It can be found that no much improvement can be achieved by adopting the long term CSI feedback in NTN cases with longer feedback delay.
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Figure 2 Performance comparison with different level of CSI averaging
· W.r.t enhanced CSI report:

For obtaining the accurate CSI for scheduling, prediction based solution is proposed to include additional parameters, e.g., variant rate of CQI, to the existing CSI reporting. According to the exemplified results shown in Figure 3, it can be found that with introduction on the CQI prediction, performance enhancement with up to 30% gain can be achieved. 
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Figure 3 Performance comparison between the normal CSI feedback and CQI prediction
· 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 [3], frequency allocation pattern with frequency reuse (FR) factor equating to 4 as illustrated in Figure 4 should be considered. According to the current specification, this kind of operation can be conducted with BWP configuration.

· 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 beam 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. 
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Figure 4 Illustration of frequency allocation per beam with FR factor = 4

Observation 1: Significant performance loss will occur in case of scheduling with conservative ACM.

Observation 2: Significant performance loss will occur due the CSI aging with longer CSI feedback delay.

Observation 3: No improvement on the performance can be achieved via scheduling based on long term CSI in case of longer CSI feedback delay.

Observation 4: Performance gain can be achieved with introduction of prediction based CSI feedback.

Proposal 5: Prediction based CSI report with additional parameters can be considered for NTN.

Proposal 6: Capturing the conclusion that for NTN, beam management based on current specification can be considered to achieve the Tx beam switch at gNB side.

2.3 Issues for UL scheduling

As the following agreements made in previous meeting, in case to support the ACK/NACK feedback for corresponding DL, additional offset will be introduced to address the impact due to the large TA adjustment. 

However, in case of NTN transmission with larger continuous transmission or larger GP in TDD operation for LEO or HAPS, extension the value range of k1 in existing spec should also be considered. 
Proposal 7: Extension of the value range of k1 in existing Rel-15 design should be supported in NTN.

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

Observation 1: Significant performance loss will occur in case of scheduling with conservative ACM.

Observation 2: Significant performance loss will occur due the CSI aging with longer CSI feedback delay.

Observation 3: No improvement on the performance can be achieved via scheduling based on long term CSI in case of longer CSI feedback delay.

Observation 4: Performance gain can be achieved with introduction of prediction based CSI feedback.

Proposal 1: The open-loop power control mechanism should be prioritized for NTN via the implementation of network under the framework of existing PC design.

Proposal 2: Existing power head room reporting can be still considered for NTN in case of VSAT terminal.

Proposal 3: High power UE (handheld) is preferred to support the eMBB application in case of GEO.

Proposal 4: Capturing the conclusion that for NTN, the existing PC mechanism in Rel-15 can be reused.
Proposal 5: Prediction based CSI report with additional parameters can be considered for NTN.

Proposal 6: Capturing the conclusion that for NTN, beam management based on current specification can be considered to achieve the Tx beam switch at gNB side.
Proposal 7: Extension of the value range of k1 in existing Rel-15 design should be supported in NTN.
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Appendix 

Table 2 Simulation assumption for CQI evaluation

	Channel model
	NTN-TDL-C/NTN-TDL-A

	SCS
	15kHz

	RB number 
	5

	Antenna 
	1T2R

	Channel estimation
	Ideal

	Carrier frequency
	2 GHz

	Scenario
	Suburban (10o Elevation angle)

	CSI reporting periodicity
	5 ms

	HARQ
	disable

	Open loop AMC
	disable


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.
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