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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 agreements on timing relationship are recalled hereafter:
RAN1#104-e:

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.

Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

RAN1#103-e:
[bookmark: _Hlk56149827]Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.
Agreement:
· 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, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.

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.
Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.
Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.




RAN1#102-e:
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
FFS whether/how to update K_offset after initial access.


In this contribution, we address issue #4 in FL Summary [1]. With respect to this issue Moderator recommendation in [1] was as follows:
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. 
In our view, the discussion on issue#4 is also related to reference point position to be considered for uplink time and frequency synchronization and more generally to the NTN architecture to be considered as baseline in Release 17.

Discussion
Reference Point for time synchronization in  NTN
There were 3 options considered at RAN1#102e for the Reference Point (RP) used for time synchronization as summarized in moderator’s summary for UL synchronization in NR NTN in [2]: 
· RP OPTION 1: The RP is located at the gNB. Common TA indication shall be introduced.
· RP OPTION 2: The RP is located at the satellite. Common TA indication may be avoided.
· RP OPTION 3: The RP localization is not specified and left to the implementation. Common TA indication shall be introduced to support all the foreseen deployment scenarios.

A comparison of these 3 options is summarized in the following table:
	Reference point for timing synchronization  
	Comments

	RP Option 1

	· The UE determines autonomously the TA corresponding to the service link RTD
· The UE needs to determine the full TA, up to the gNB, thus the network needs to broadcast the common TA
· UE can derive the gateway location, which can be considered as a potential security issue

	RP Option 2

	· The UE determines autonomously the full TA, which corresponds to the service link RTD
· Broadcast a common TA is not required
· UE cannot determine the gateway location

	RP Option 3

	· The UE determines autonomously the TA corresponding to the service link RTD
· gNB needs to broadcast the common TA between the RP and the satellite if the RP is not the satellite
· UE cannot determine the gateway location



RP Option 3 allows locating the RP at any location, leaving the choice to the implementation.
RP Option 3 gives the flexibility to implement the RP at any location and leave the choice to the implementation

In case of RP Option 1, the UE shall apply a TA that corresponds to the full RTD between the UE and the gNB. Thereby, the UE needs to track both service link and feeder link RTD. This RTD may be very important and will require the UE to be able to manage a very large shift between the UL and the DL frame timings. This shift could be as high as 500ms with a GEO satellite. This is illustrated in Figure 1. 
[image: ]
Figure 1 UL/DL timings when the RP is at the gNB

With option 3 the reference point can be chosen such that the RP-gNB RTD is a constant value. Then gNB needs simply to compensate a fixed delay as shown in Figure 2.
Further, in case of  option 2, or RP option 3 the handling of the RTD experienced between the RP and the gNB may introduce additional complexity to the gNB in case the RTD between the RP and the gNB changes over time, since the timing offset between the DL and UL frame timings would shift over time. However this complexity may be avoided by considering at gNB a fixed timing offset between the DL and the UL frame timings. Such a fixed timing offset can be handled by introducing a buffering mechanism between the gNB and the satellite.
RP Option 2 and RP Option 3 can be implemented without much additional complexity in the gNB if a fixed timing offset is implemented between the gNB and the RP so that UL/DL frame timing offset remains constant at the gNB

Proposal 1: The delay to be compensated by the gNB is a constant value, considering the implementation complexity of a variable delay at gNB side.
[image: ]
Figure 2 UL/DL timings when the RP is not at the gNB

In RAN1#103-e, the need of a scheduling offset related to UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH was discussed and the following agreement on the K_mac was made:
Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

This K_mac offset is directly linked to the RTD between the gNB and the RP and thus to the offset considered by the gNB between UL and DL timings. As discussed above, a constant offset may be considered by the gNB. In this case the value for this K_mac shall also be considered constant.  

Proposal 2: RAN1 to specify the value of K_mac  to be supported as part of NR NTN Rel-17 specifications.
Proposal 3: Support static configuration values for the K_mac offset could be considered as first priority in Rel-17

Proposed architecture for NTN 
The discussion on the location of reference point for uplink synchronization and the alignment of DL and UL frame timings at the gNB shall consider the ongoing discussions in different RAN WGs about  NTN architecture.
NTN architecture in Release 17 was discussed at RAN3#111-e [3] [4]and RAN4#98-e [5]. In the endorsed CR  R3-211344 (see [3])  it has been proposed as baseline the architecture depicted in Figure 3:


Figure 3 Overall illustration of the NTN architecture

This CR has also clarified the fact that:
-	A gNB may serve multiple NTN payloads;
-	An NTN payload may be served by multiple gNBs.

Proposal 4: RAN1 to consider the NTN architecture in the endorsed CR  R3-211344 as baseline architecture

This architecture can be further developed by taking into account the location of the RU, and therefore one can imagine at least 3 different architecture options (see Figure 4, Figure 5, Figure 6), with respect to where the RU is located:

RU

Figure 4 NTN Generic Architecture with RU at gNB

RU


Figure 5 NTN Generic Architecture with RU at NTN-GW


RU

Figure 6 NTN Generic Architecture with RU on-board at NTN Payload (e.g. Satellite)

In Figure 4, the RU is combined with all gNB functions and the RF signal of the NR Uu is transported between the gNB and the NTN-Gateway. While looking simple, this architecture has some limitations which makes it difficult to implement in practice: 
· For connectivity reasons at the NTN-Gateway and gNB sides, it would be unpractical that the gNB transmits a dedicated RF signal for each of the cells it manages since an NTN-payload may manage a very large number of beams, hence many different RF signals. This means that the RU shall have to be able to transmit a large number of signals on the same RF connection, which is not the case of a typical RU of a TN gNB (typically no more than a few cells per RU), otherwise many RUs would have to be deployed with their corresponding RF connection to the NTN-Gateway. 
· The NTN-Gateway is an equipment that can communicate with only one NTN-payload at a time thus it requires the gNB to connect to multiple NTN-Gateway to be able to communicate with multiple NTN payloads at the same time, thus to implement as many RU as the number of NTN-Gateways it has to be able to connect with (in case of satellite constellations, the gNB may have to connect to many NTN-Gateways, ie. requiring to deploy many RU equipment)
· It would be difficult to have the RU at some distance of the NTN-Gateway because the attenuation over a long distance may degrade the RF signal. This means that gNB has to be most likely colocated with the NTN-Gateway, putting some constraints on the deployment of the network.

For all these reasons that make the connection between the gNB and the NTN-Gateway difficult, a more realistic approach would be to deploy the RU with the NTN-Gateway as illustrated on Figure 5. 
This architecture makes possible to locate the gNB further away from the NTN-Gateway and also to connect the gNB to NTN-Gateways located in different sites. For example in the case of a NGSO constellation, many NTN-Gateways are deployed in different locations over the Earth. It can then be beneficial for the gNB to connect with NTN-Gateways located at a relatively large distance, e.g. several hundreds of kilometers, especially with NGSO constellations. In this case the RTD between the gNB and the RU would create a noticeable shift in the DL and UL frame timings at the gNB (constant shift).
NTN architecture where the RU is not at non-NTN infrastructure gNB functions (e.g. at the NTN-GW) is a more realistic deployment approach. Thereby,  RAN1 to consider as part of Release 17 specifications  an NTN design  that support systems where DL and UL are not aligned at the gNB.   
   
Another architecture is depicted on Figure 6 where the RU is embarked in the NTN-payload. This solution exhibits several advantages other the previous ones:
· The UE does not need to track the RTD and RTD drift on the feeder link. Thereby, no need for Common TA and Common TA drift rate broadcast.
· The UE does not need to compensate for the Doppler shift on the feeder link
· Another advantage is that it can allow reducing the bandwidth required on the feederlink to transport the traffic between the NTN-Gateway and the satellite by using a more spectral efficient radio protocol over feeder RF links.

the NTN architecture with the RU onboard the NTN payload can bring additional benefits compared to the NTN architectures with RU on the ground.

With respect to previous discussion, it is therefore further preferred to have the RU on the NTN-GW or on the NTN-Payload and therefore not to consider having RF functions in the gNB.
These two mentioned options (with RU on NTN-GW or NTN-Payload) are also valid with respect to Reference Point (RP) choice for UL synchronization . Therefore, it seems a very reasonable choice to consider a RP either at the NTN-GW or NTN-Payload. 
Proposal 5: RAN1 shall consider having RF functions (RU) implemented at the NTN-GW or on the NTN-Payload and therefore support DL NTN designs where DL and UL are not aligned at the gNB as part of  NR NTN Rel-17 specifications.

Conclusion
In this contribution, the following observations and proposal have been made:
Proposal 1: The delay to be compensated by the gNB is a constant value, considering the implementation complexity at gNB side.
Proposal 2: RAN1 to specify the value of K_mac  to be supported as part of NR NTN Rel-17 specifications.
Proposal 3: Support static configuration values for the K_mac offset could be considered as first priority in Rel-17
Proposal 4: RAN1 to consider the NTN architecture in the endorsed CR  R3-211344 as baseline architecture
Proposal 5: RAN1 shall consider having RF functions (RU) implemented at the NTN-GW or on the NTN-Payload and therefore support DL NTN designs where DL and UL are not aligned at the gNB as part of  NR NTN Rel-17 specifications.
Observation 1.	RP Option 3 gives the flexibility to implement the RP at any location and leave the choice to the implementation
Observation 2.	RP Option 2 and RP Option 3 can be implemented without much additional complexity in the gNB if a fixed timing offset is implemented between the gNB and the RP so that UL/DL frame timing offset remains constant at the gNB
[bookmark: _GoBack]Observation 3.	NTN architecture where the RU is not at non-NTN infrastructure gNB functions (e.g. at the NTN-GW) is a more realistic deployment approach. Thereby,  RAN1 to consider as part of Release 17 specifications  an NTN design  that support systems where DL and UL are not aligned at the gNB.   
Observation 4.	the NTN architecture with the RU onboard the NTN payload can bring additional benefits compared to the NTN architectures with RU on the ground.
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