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1. Introduction
According to the WID [1], the following objectives are listed to be specified in Rel-17 NTN.
	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



Also, at the RAN1#104-e meeting, the following was agreed [2].  
	Agreement:
Confirm the following working assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

Agreement:
Update of K_offset after initial access is supported

Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
FFS: Whether there is an impact on the size of the PDSCH-to-HARQ feedback timing indicator field in DCI.



In this document, we discuss on timing relationship enhancements for NTN. 

2. Discussion on Timing relationship
2.1. On the signaling of K_offset in initial access
For K_offset configured in system information and used in initial access, at least a cell specific K_offset　configuration, which is used in all beams of a cell, has been agreed [3]. One of the remaining issues is how to signal K_offset for initial access. As agreed in [4], for the transmission timing of RAR grant scheduled PUSCH (i.e. Msg3), the slot allocated for the PUSCH is determined by K_offset in addition to K2 and Δ. To achieve this, we consider that K_offset should be signaled before Msg3 and the following options can be considered as in which system information the K_offset should be sent.
· Option 1: K_offset is signaled in MIB.
· Option 2: K_offset is signaled in SIB1.
· Option 3: K_offset is signalled in SIB following SIB1.
Since MIB has only 1 bit left in the current NR specification, it is necessary to redefine MIB for NTN to realize option 1. We do not see any benefits of signaling K_offset in MIB compared to options 2 and 3. Option 2 is a reasonable option because SIB1 is received before Msg3 transmission and resources are surplus compared to MIB. SIB1 can be scheduled in the same way as PDSCH. Option 3 is also reasonable when SIB1 resources are insufficient. According to TS 38.331 [5], if the concerned SI message was not received in the current modification period, handling of SI message acquisition is left to UE implementation. Therefore, if it is clear that K_offset is included SIB following SIB1, it is natural for the NTN UE to receive it before starting random access.
Proposal 1: K_offset is signaled in SIB1 or in SIB following SIB1.

To consider whether K_offset should be beam-specific, let us confirm the relationship between SSB beams and contents of SIB in Rel-15/16 TN firstly. It seems that SIB is cell-specific in NR Rel-15/16 and hence contents of SIB are common among SSB beams. Otherwise, i.e., if SIB1 is beam-specific, UE has to reread SIB1 every time the UE moves the SSB beam, which becomes a problem in the initial access for example.

When considering beam-specific K_offset, it is necessary to clarify the relationship between the satellite SSB beam and the terrestrial cell. As shown in Figure 1, the NW implementation can choose whether (a) mapping one satellite beam to one terrestrial SSB or (b) mapping one satellite beam to one terrestrial cell. In the implementation of (a) (i.e. when making K_offset beam-specific), it is necessary to put K_offset for all SSB beams in SIB in order not to change the above relationship between SSB beams and contents of SIB. This idea is not preferred from a payload perspective. Meanwhile, if gNB puts K_offset only for a part of SSB beams in SIB, the above relationship is broken and many spec efforts would be required to handle initial access. Besides, it is unclear if there is any merit in the implementation of (a) going so far as changing the relationship between SSB beams and contents of SIB. If it is claimed that a benefit is lower scheduling latency in initial access since the appropriate K_offset value for each beam is different in NTN, we consider there is no motivation to optimize the access latency in the initial access stage. 

On the other hand, the operation of beam-specific K_offset in system information can be realized easily by the implementation of (b) because the beam-specific K_offset looks cell-specific system information from the terrestrial cell, and the relationship between SSB beams and contents of SIB is maintained in NTN as well. For these reasons, we believe that beam-specific K_offset is unnecessary for initial access.
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Figure 1. Relationship between the satellite beam and the terrestrial cell

Observation 1: Beam-specific K_offset can be achieved by mapping one satellite beam to one terrestrial cell by NW implementation.
Proposal 2: K_offset in initial access is a cell-specific parameter. Beam-specific K_offset is not supported.

2.2. Updating K_offset after initial access
It was agreed to update the K_offset after initial access at the RAN1#104-e meeting [2], but further discussion is needed on how to update. We support UE-specific update of K_offset via RRC signaling as a result of considering the required update interval of K_offset. 

To confirm that there is no problem updating K_offset via RRC signaling, let us consider the required update interval of it. Appropriate K_offset might be changed due to high-speed movement of LEO, which directly affects the interval of K_offset updates. In particular, K_offset needs to be updated if LEO moves away from the UE and the propagation delay increases by the amount corresponding to K1 or K2. Also, considering the efficiency of resources, NW implementation that updates K_offset more frequently is conceivable. However, this update interval is on the order of tens of seconds at the earliest. The reason is that as discussed in Section 3, the movement time of LEO corresponding even to the cyclic prefix (CP) length is about 6.6 s even in the worst case. If you replace it with the slot length, you can see that it is on the order of several tens of seconds. 

Therefore, there is no problem updating K_offset via RRC signaling on the order of several tens of seconds at the earliest. A RRC parameter is defined for this purpose and UE uses the parameter instead of K_offset for initial access if provided; otherwise, K_offset used in initial access can be used.

Observation 2:  Update interval of K_offset is on the order of tens of seconds at the earliest, thus there is no problem updating K_offset via RRC signaling. 
Proposal 3: A RRC parameter to configure UE-specific K_offset.
· If this parameter is provided, the UE uses the parameter as K_offset.
· Otherwise, the UE uses K_offset provided in initial access.


2.3. NTN designs where DL and UL are aligned at the gNB 
In the discussion of MAC CE timing relationships at the RAN1#104-e meeting, the following was recommended by the moderator [2].
	Moderator recommendation:
Companies are encouraged to provide input to RAN1#104bis-e on whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.


For this review, we first show our understanding of the steps to keep downlink and uplink frame timing aligned. The propagation distance between GW and satellite (i.e. feeder link) and between satellite and UE (i.e. service link) will change, so aligned can be kept by correcting the TA for each of the feeder link and service link. 

TA at feeder link is estimated at gNB based on the location of the satellite and is required to notify the UE. Specifically, the required update interval of TA can be found by considering the relationship between TA drift and CP length. Aligned can be kept if the TA drift is within the CP length. As an example that is most affected by satellite movement, we consider the case of LEO at an altitude of 600 m. In the current 3GPP standard, a CP length is 0.59 μs, which is the shortest at SCS 120 kHz. This time corresponds to a propagation distance of 177 m. Considering the UE directly under LEO as the situation most affected by the movement of LEO, the movement time of LEO corresponding to the change of the propagation distance by 177 m corresponds to about 6.6 s. From this analysis, considering the accuracy and margin of TA, an update cycle of several hundred milliseconds to several seconds would be feasible.

Observation 3: An update cycle of several hundred milliseconds to several seconds would be feasible for updating TA at the feeder link.

On the other hand, TA at service link is estimated at UE based on the location of satellite and UE. For UE-specific TA calculation, the following was agreed at the RAN1#104-e meeting [2].
	Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control


The update interval here can be thought of in the same way as the feeder link.

With the above understanding, we propose to prioritize NTN designs that support systems where downlink and uplink are aligned at the gNB because of the disadvantages of allowing the misaligned state. Certainly, even in the misaligned state, the gNB itself knows the drift of the feeder link, so that the gNB can perform the reception operation normally. However, the disadvantages of the misaligned state are reduced resource efficiency and complicated implementation of gNB. The first issue comes from half-duplex. In the misaligned state, time resource for actual UL reception at gNB cannot be used for DL transmission. Regarding the second issue, gNB needs to consider many values of the time gap between DL and UL and gNB scheduling shall be performed with them.

It is noted that there remain two issues to keep it aligned. We believe that RAN1 should discuss these issues further if aligned is supported/prioritized. One is that as LEO moves, RRC_CONNECTED UE shall frequently check common TA updates. The other is that it is necessary to take measures when the UE loses the TA update signal. For the first issue, as described above, gNB needs to signal common TA updates every few hundred milliseconds to a few seconds to keep aligned. For this update interval, for example, it is possible to put this TA update signal on the SIB and send it to cell-specific, but the problem remains that the UE frequently needs to check the SIB. The second issue may be resolved by accelerating the interval of TA updates with a margin. Also, redoing random access without PDCCH order may solve the problem, but in this case consuming PRACH resources may still be a problem.


Proposal 4: RAN1 support/prioritize NTN designs where DL and UL are aligned at the gNB.
FFS: whether/how to introduce enhancement of common TA update.
FFS: whether/how to handle failure of signal detection for TA update on the UE side.
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2.4. PDCCH ordered PRACH
For consideration of PDCCH ordered PRACH, let us clarify what kind of assumption is considered. Our understanding is that both common TA and UE autonomous TA are set accurately, but gNB does not know the value of UE autonomous TA for each UE, and gNB requests UE to send RACH. However, basically PDCCH ordered PRACH is used for the case that TA value for a UE becomes invalid and gNB does not know the gap from the appropriate timing. It is quite unclear for us when this feature is used for NTN or what is the valid situation to apply this feature.

Proposal 5: For PDCCH ordered PRACH, RAN1 should clarify when it is used.

If above assumption is correct, we can present an issue and a solution for PDCCH ordered PRACH. PRACH occasion is selected by a RRC_CONNECTED UE according to the UE’s “next available PRACH occasion” in Rel-15/16 specifications. However, in NTN, there is a problem that a network may not know which PRACH occasion was selected by the UE because a case when this feature is used would be that gNB lost information related to transmission/reception timing at the UE. In this case, it is valid that compensation by TA command MAC CE is unavailable and RACH procedure is performed based on PDCCH order. As shown in Figure 2, RO timing can be different when the UE is near and far from the gNB in the cell, so the network has to perform blind detection of RO to detect PRACH from the UE. Note that as a premise for consideration, the interpretation is that the UE's next available RO comes after the PDCCH reception.

To solve this problem, a cell-specific K_offset can be introduced to align the RO timing even when gNB does not know timing of the RRC_CONNECTED UE. As shown in Figure 3, the next available RO is uniquely determined by applying the UE autonomous TA starting from the timing when the UE receives the PDCCH and the cell-specific K_offset. Specifically, when a downlink slot "n" in gNB is the slot to send PDCCH, no matter how large the propagation delay between UE and gNB, UE autonomous TA and K_offset make the starting slot of next available RO "n + K_offset".

Observation 4: If situation of ‘PDCCH ordered PRACH’ is valid, the next available PRACH occasion cannot be uniquely determined without using K_offset. K_offset makes it unique.

Proposal 6: If situation of ‘PDCCH ordered PRACH’ is valid, K_offset is used to determine the next available RO for PDCCH ordered PRACH.

If the assumption is not correct, further discussion is needed from the assumption.
[image: PDCCH ordered PRACH検討結果_Koffset無い時v3]
Figure 2. Illustration that RO timing shifts depending on the UE position when K_offset is not applied

Figure 3. Illustration that RO timing does not shift depending on UE position when K_offset is applied



3. Conclusion
In this contribution, we discuss timing relationship enhancements for NTN. Based on the discussion we made following observations and proposals. 
Observation 1: Beam-specific K_offset can be achieved by mapping one satellite beam to one terrestrial cell by NW implementation.
Observation 2:  Update interval of K_offset is on the order of tens of seconds at the earliest, thus there is no problem updating K_offset via RRC signaling. 
Observation 3: An update cycle of several hundred milliseconds to several seconds would be feasible for updating TA at the feeder link. 
Observation 4: If situation of ‘PDCCH ordered PRACH’ is valid, the next available PRACH occasion cannot be uniquely determined without using K_offset. K_offset makes it unique.

Proposal 1: K_offset is signaled in SIB1 or in SIB following SIB1.
Proposal 2: K_offset in initial access is a cell-specific parameter. Beam-specific K_offset is not supported.
Proposal 3: A RRC parameter to configure UE-specific K_offset.
· If this parameter is provided, the UE uses the parameter as K_offset.
· Otherwise, the UE uses K_offset provided in initial access.
Proposal 4: RAN1 support/prioritize NTN designs where DL and UL are aligned at the gNB.
FFS: whether/how to introduce enhancement of common TA update. 
FFS: whether/how to handle failure of signal detection for TA update on the UE side. 
Proposal 5: For PDCCH ordered PRACH, RAN1 should clarify when it is used. 
Proposal 6: If situation of ‘PDCCH ordered PRACH’ is valid, K_offset is used to determine the next available RO for PDCCH ordered PRACH.
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