
3GPP TSG RAN WG1#106bis-e		R1-2108971
[bookmark: _Hlk81926092]e-Meeting, October 11th – 19th, 2021

Source:	vivo
[bookmark: Title]Title:	Discussion on timing relationship enhancements for NR-NTN
[bookmark: Source]Agenda Item:	8.4.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN1#106-e meeting, the following agreements were achieved on timing relationship enhancements for NR-NTN [1].
	[bookmark: _Hlk61428717]Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
The information of K_mac is carried in system information.

Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.


In this contribution, we provide our views on timing relationship and enhancements for NR-NTN.
2. Discussion
[bookmark: _Hlk61429655]The propagation delay in NTN can be up to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. As discussed in [2], K_offset needs to be introduced to enhance the timing relationships of DL-UL interaction. In the following, we provide our views on K_offset value determination, K_mac update, K1 range extension and some other timing related aspects for NTN.
2.1. K_offset value determination
In RAN1 #104b e-meeting, the following agreement on cell-specific K_offset in system information had been achieved [3].
	Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link


For Option 1, it indicates the value of cell-specific K_offset directly in system information, which provides configuration flexibility. Compared to Option 1, signaling overhead may be reduced in Option 2 since the first offset value corresponds to common TA could be reused. But based on the discussion in the last meeting, only 1 bit can be saved if Option 2 is adopted, which is negligible. If further reductions in signaling overhead are desired, the configuration flexibility will be reduced seriously. In the meanwhile, Option 2 results in more complexity for UE implementation and more specification impact. Hence, Option 1 is preferred.
Proposal 1: Support to signaling one offset value for K_offset (Option 1) in system information.
In last meeting, it was agreed that the unit of K_offset is numbers of slots for a given subcarrier spacing. However, whether the given subcarrier spacing is one subcarrier spacing value, or different subcarrier spacing values for different scenarios should be further study. 
In our opinion, the given subcarrier spacing is only used to represent the size of the K_offset and not to configure a transmission channel. Therefore, 15 kHz SCS can be also used as a reference numerology to determine K_offset even in FR2. Furthermore, the given subcarrier spacing can be predefined and does not need to be configured by the gNB.
For different scenarios, the propagation delay is quite different. For those scenarios with smaller propagation delay, e.g., HAPS and LEO, a higher SCS might be used, which allows a higher accuracy of K_offset. For scenarios with large propagation delay, e.g., GEO, a lower SCS can be used, which can be used to reduce the signaling overhead. Hence, different subcarrier spacing values can be used for different scenarios, and the values of the subcarrier spacing used for different scenarios can be further discussed.
Proposal 2: Support different subcarrier spacing values used for different scenarios.
The value ranges of K_offset for different scenarios are discussed at last meeting, for defining value range(s) of K_offset, down-select one option from below: Option 1, one value range of K_offset covering all scenarios. Option 2, different value ranges of K_offset for different scenarios. 
According to [2], the round trip times for different scenarios are shown in the table below, the propagation delay is quite different for different scenarios. To reduce signaling overhead, different value ranges of K_offset for different scenarios can be supported. In addition, the unit of K_offset is numbers of slots for a given subcarrier spacing, the value ranges of K_offset can be determined by the minimum RTD, maximum RTD, and predefine subcarrier spacing of this scenario.
	
	 GEO at 35786 km
	MEO at 10000 km
	LEO at 1500 km
	LEO at 600 km

	Round trip Time
	544.751ms
	190.38ms
	51.661ms
	28.408ms


Table 1: Round trip time for different scenarios
Proposal 3: Support Option 2, different value ranges of K_offset can be configured for different scenarios.
2.2. K1 range extension
In TDD systems, it is necessary to reserve enough GP (Guard Period) to avoid overlap of DL and UL slots. The length of GP is depending on the size of the cell. In NTN, according to [2], the maximum satellite beam size (edge-to-edge) can be up to 200 km for UAS platform, and there may be multiple beams in one cell. To reduce the resource used as a GP, there will be more contiguous DL slots in one frame. Since the DCI field can only support 8 different K1 candidates in current specification, the flexibility of scheduling is quite limited. Increasing the number of K1 candidates is a direct way to avoid scheduling limitation. In order to minimize the impact on the specification, extending the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4 can be considered.
Proposal 4: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4.
2.3. PDCCH ordered PRACH
In last meeting, it was agreed that K_offset is introduced to enhance the timing relationship of PDCCH ordered PRACH in NR NTN. However, which value of K_offset should be applied should be further studied. 
[bookmark: _Hlk82868834]Compared with cell-specific K_offset, UE-specific K_offset has finer granularity, which can effectively reduce the delay of PRACH transmission. Even if the UE-specific Koffset is inaccurate, the blind detection burden will also be greatly reduced on the gNB side by the enhancement of the UE-speicific K_offset. Hence, if UE-specific Koffset is configured, the UE-specific K_offset can be used to enhance the timing relationship for PDCCH order PRACH. Otherwise, the cell-specific K_offset applies to the ordered PRACH.
Proposal 5: Support UE-specific K_offset applies to the ordered PRACH if it’s configured, otherwise, cell-specific K_offset is applied.
[bookmark: OLE_LINK3]Another issue here is whether the n+K_offset timing relationship is impacted by UE behavior within or after the validity duration, for example, the received ephemeris is no longer valid when PDCCH order is received. In our opinion, this case is quite rare, and the blind detection burden has been greatly reduced on the gNB side by the enhancement of the K_offset. Hence, we consider that the n+K_offset timing relationship should not be impacted by UE behavior within or after the validity duration.
Proposal 6: The n+K_offset timing relationship is not impacted by UE behavior within or after the validity duration.
3. Conclusion
In this contribution, some issues on timing relationship enhancements for NR-NTN have been discussed, and the proposals are summarized as below:
Proposal 1: Support to signaling one offset value for K_offset (Option 1) in system information.
Proposal 2: Support different subcarrier spacing values used for different scenarios.
Proposal 3: Support Option 2, different value ranges of K_offset can be configured for different scenarios.
Proposal 4: Support to extend the size of the PDSCH-to-HARQ_feedback timing indicator field up to 4.
Proposal 5: Support UE-specific K_offset applies to the ordered PRACH if it’s configured, otherwise, cell-specific K_offset is applied.
Proposal 6: The n+K_offset timing relationship is not impacted by UE behavior within or after the validity duration.
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