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1. [bookmark: _Ref18181]Introduction
In RAN#86 meeting [1], the NTN WI has been endorsed with following scope in RAN1:
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signaling of polarization mode
In this contribution, views on the enhancement of each aspect are elaborated in corresponding section.
1. Definition on the terminology
W.r.t the service provided by the air- or space-borne NTN-BS, wireless connection is assumed for both service and feeder link, especially in the transparent load case with single hop as illustrated in Figure 1. In this way, the overall transmission between UE and NTN-BS will be impacted by the channel condition (e.g., Doppler shift and timing offset) of both links, which is more complicated than the terrestrial network, since only the impact of service link is considered in latter one.
During the SI, for overcoming the aforementioned impacts, solutions are proposed with focus on the different channel components suffered by each transmission together with corresponding assumption on BS/UE action. For avoiding the potential confusion, the following terminologies are proposed to facilitate the discussion during WI: 
· Reference point: it refers to one “node” within the DL/UL link between UE and BS. As typical examples shown in Figure 1, such node can be ground station (Reference Point-0), or air-/space-borne station (Reference Point-1) or “virtual node” used by the network (Reference Point-2).
· Common X: it refers to the channel impact X, e.g., X can be Doppler shift or timing offset, originated from the connection between BS and reference point for DL/UL link, which are shared by UEs within certain coverage region.
· UE-specific X: it refers to the channel impact X, e.g., X can be Doppler shift or timing offset, originated from the connection between UE and reference point for DL/UL link, which is different per UE within certain coverage region.
· Pre-compensation: it refers to the action to correct channel impacts, e.g., Doppler shift, conducted by either BS or UE before the transmission of DL or UL, respectively.
· Post-compensation: it refers to the action to correct channel impacts, e.g., Doppler shift, conducted by either BS or UE after the reception of UL or DL, respectively.
· BS-dominated: it refers to the behavior conducted in DL/UL mainly according to the determination, e.g., including indication/configuration, from BS. For example, the amount of change for traditional TA maintenance is up to the indication from BS. And beam switching relies on the signaling from BS. 
· UE-dominated: it refers to the behavior conducted in DL/UL mainly according to the determination, e.g., including calculation/decision from UE. For example, the all or partial amount of change for TA maintenance is calculated by UE-self.
[image: ]
[bookmark: _Ref40185943]Figure 1 Illustration of overall NTN based service along BS movement
Proposal 1: Taking terminologies with corresponding clarification, i.e., Reference point, Common X, UE-specific X, Pre-compensation, Post-compensation, BS- dominated and UE- dominated as baseline during the WI discussion.
1. Discussion on the synchronization related aspects
For ensuring the performance of the NTN system, enhancements on the synchronization including implementation based solution should be considered for both DL and UL. More specifically, 
· DL synchronization
For the downlink transmission to UEs within each beam, it has been justified that with assumption of pre-compensation on the common Doppler shift by NTN BS (especially for LEO case) at beam-specific way, the existing reference signal design including SSB is sufficient to provide robust performance since the remaining frequency offset is comparable to the traditional terrestrial network [2]. Such consideration should also be taken as the baseline during WI discussion for both synchronization and scheduling related operation, e.g., beam management.
· UL synchronization
For the uplink transmission, in terrestrial network, successful detection of one UE during the initial access procedure relies on the configuration of different PRACH preamble format according to the scenarios. And following UL transmission is guaranteed by the indicated timing advanced (TA) value via RAR/MAC CE. 
In NTN case, as illustrated in Figure 1, the experienced Doppler shift and required TA for adjustment is timing varying. For example, for the x-th UE, the required TA value, which is used to align the UL frame among UEs, also between DL and UL frame from NTN-BS perspective, is determined by the overall transmission distance including D1x and D02 (which refers to the propagation distance of service and feeder link, respectively) at corresponding time instant.
For dealing with these impacts, as listed in the WI scope above, enhancements on the existing PRACH preamble format are needed due to insufficient capability for UE detection in case of large Doppler shift and timing offset. Along this way, improvements on the traditional BS-dominated TA adjustment mechanism with indicating the timing drift value to handle the timing varying phenomenon should also be considered.  
Meanwhile, as another alternative for UL synchronization, the UE-dominated approach with pre-compensating the Doppler and timing offset impact can also be considered. In this way, the status information of BS and UE should be available at UE side for Doppler and timing offset calculation, more specifically:
· Status information of BS:
For enabling the calculation of UE-specific Doppler or TA adjustment value, the status information of satellite or HAPS (e.g., taking as reference point-1 shown in Figure 1) should be indicated to UE. As examples, information on location, mobility situation with certain confidence level are needed. Meanwhile, in case of high mobility of satellite, indication mechanism of this information should be available to follow the change of corresponding value.
Moreover, for the remaining Common part, e.g., in case of transparent payload, due to security issue, the location of ground station may not be available at UE side, then, 
· For the TA maintenance, the value derived from the impact of the feeder link can be indicated to the UE directly. Otherwise, timing varying offset should be kept without aligned boundary of DL and UL frame with same index at BS side. Under this situation, additional complexity, e.g., shifted window for data reception and segment, is needed for BS to track the corresponding UL. And for TDD case, with consideration the overall variation of this offset, the updates on the slot format is needed to avoid the collision.
· For the Doppler shift, it can be corrected by the BS via post-compensation through implementation, which can be considered as the twin-action as pre-compensation for DL. 
Indication of other information, i.e., timing stamp (from reference point 0 where the DL data is transmitted) for each scheduling, to get the TA value (as the combination of UE-specific and Common) via calculation of absolute propagation time may also one possible way. But the ideal synchronization of clock between BS and UE should be always assumed since the requirement for TA adjustment is tight, especially in higher frequency with larger SCS. Moreover, the time stamp information should be sent periodically or before each UL scheduling to handle the time varying phenomenon. 
· Status information of UE:
W.r.t the information of UE, its own location and mobility status should be also available for corresponding calculation. Collection of such information is mainly up to UE implementation.
Additional, for the UE-dominated solution, several factors, e.g., UE location in either indoor/outdoor, also has corresponding impacts on the accuracy of pre-compensation action conducted by UE. More detailed evaluation under different cases are needed. 
Proposal 2: Taking the pre-compensation and post-compensation of the common Doppler shift from BS side for DL and UL, respectively as baseline assumption during the WI discussion.
Proposal 3: For UL synchronization, correction on the whole timing advance value including UE-specific and common component is preferred. 
Proposal 4: In case of supporting UE-dominated approach for UL synchronization, unified design to handle the timing advance and Doppler shift should be prioritized with detailed performance evaluation.
1. Discussion on the scheduling related aspects
As mentioned in the WI scope, enhancements for the scheduling related aspects including HARQ, beam management and timing relationship should be considered. More specifically, 
· HARQ enhancement
As identified in the SI, existing maximum HARQ number is not sufficient to support the DL transmission for NTN case, e.g., LEO, due to the large RTT. Comparing to the solution, e.g., transmission with lower target BLER, performance gain can be obtained in different cases as one of shown in Figure 2.
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[bookmark: _Ref40258986]Figure 2 Performance comparison with different target BLER/HARQ condition @elevation = 
[bookmark: _GoBack]In this way, even additional RLC level re-transmission is assumed for lower BLER case, no much improvement can be achieved since no combination gain (e.g., soft combination via RV) is introduced, which is important for the performance in lower and medium SINR region. Meanwhile, the required feedback overhead will also be larger comparing to ACK/NACK.
Additionally, for support the continuous transmission to achieve high data rate, e.g., for the vehicle mounted terminal as VSAT or phase array to serve as hotspot, with consideration on the RTT and limitation for the slot format (e.g., TDD case for HAPS), enlarging the value rang for existing extending the range K1 (offset for ACK-NACK) and/or K2 (offset for PUSCH scheduling) is also needed as illustrated in Figure 3. 
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[bookmark: _Ref40259501]Figure 3 Illustration of needs for extending the range for K1/K2
· Beam management
According to the calibration results in SI [2], in case of service from satellite with multiple beams, frequency reuse with factor larger than 1 is identified as important way to mitigate the interference among beams. For example, as shown in Figure 4, both the polarization (e.g., P1 and P2 refers to RHCP and LHCP, respectively) and frequency (e.g., F1, F2 and F3 refers to different frequency region) can be considered as different dimension to avoid the interference among adjacent beams. 
With such consideration, the corresponding mechanism for beam switching, e.g., traditional BS- dominated way should be further improved to enable the matching between UE behavior/capability and properties of target serving beam, especially in frequency reuse mode-2. 
Meanwhile, since the all of information, e.g., UE location, BS status information and channel quality, may be available at UE side. Automatically beam switching conducted by the UE-self once quality of existing service is poor can also be considered to reduce the required overhead for traditional measurement trigger and report. 
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[bookmark: _Ref40260098]Figure 4 Illustration of typical frequency reuse mode in NTN
In general, to handle the mobility of NTN BS/UE (e.g., airplane), the mechanism to facilitate the intra-satellite beam switching is important to ensuring the continuous service with high quality. Also, such consideration can be extended to improve the handover performance cross satellite/cells. According to above justification, promoting the corresponding discussion as the essential (1st priority) topic is needed and beneficial.
· Timing relationship
As listed in [2], w.r.t the timing relationship, e.g., transmission of PUSCH or time instant for MAC CE application, due to the impact of large RTT, enhancement on the existing values are needed. More specially, since the time offset between reception of scheduling information and PUSCH transmission should be at least larger than the required TA adjustment value. Information exchanging between UE and BS may be needed once the autonomous (UE-dominated) TA maintenance is supported.
Proposal 5: Enhancement on the HARQ with enlarged maximal HARQ process number should be supported.
Proposal 7: Promoting the discussion on beam management with high priority.  
Proposal 8: Different implementation of frequency reuse mode should be considered for beam management.
Proposal 9: Enhancement on the timing relationship together with corresponding TA maintenance mechanism is needed. 
1. Conclusions
In this contribution, analysis along with corresponding views for the required enhancements for NTN have been provided with following proposals:
Proposal 1: Taking terminologies with corresponding clarification, i.e., Reference point, Common X, UE-specific X, Pre-compensation, Post-compensation, BS- dominated and UE- dominated as baseline during the WI discussion.
Proposal 2: Taking the pre-compensation and post-compensation of the common Doppler shift from BS side for DL and UL, respectively as baseline assumption during the WI discussion.
Proposal 3: For UL synchronization, correction on the whole timing advance value including UE-specific and common component is preferred. 
Proposal 4: In case of supporting UE-dominated approach for UL synchronization, unified design to handle the timing advance and Doppler shift should be prioritized with detailed performance evaluation.
Proposal 5: Enhancement on the HARQ with enlarged maximal HARQ process number should be supported.
Proposal 7: Promoting the discussion on beam management with high priority.  
Proposal 8: Different implementation of frequency reuse mode should be considered for beam management.
Proposal 9: Enhancement on the timing relationship together with corresponding TA maintenance mechanism is needed. 
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