
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]3GPP TSG RAN WG1 #107-e                                     R1-2111658
e-Meeting, November 11th - 19th, 2021
Source:	ZTE
Title:	Remaining issues on timing relationship for NR-NTN
Agenda Item:	8.4.1
Document for:   Discussion
1. Introduction
[bookmark: _Hlk49429056]In RAN1#106b-e, the following agreements were achieved as potential enhancements for NR-NTN [1]:
Agreement:
Signalling one value for cell-specific K_offset is supported.
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
For defining value range(s) of K_offset, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms
MEO: [93] – [395] ms
GEO: [477] – [542] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.


Agreement:
For defining value range(s) of K_mac, down-select one option from below:
	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms
MEO: [1] – [198] ms
GEO: [1] – [271] ms
FFS: ATG and HAPS
FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.
Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


In this contribution, remaining issues on timing relationship are discussed such as unit, value range of K_offset, and indication of K_mac etc.
1. Signalling of K_offset 
2.1 Unit and value range
· Unit and value range for FR1
[bookmark: _GoBack]For FR1, the, the unit of K_offset has been agreed as number of slots with the reference subcarrier spacing value as 15 KHz. And two options for the value range definition has also been agreed as shown above. Regarding these two options for value range definition, for Option-2, based on the value shown in Table 1, it can be found that 6 bits, 9 bits, 10 bits will be used to represent the value of K_offset signalled in LEO, MEO, GEO scenarios respectively. Although some bits may be saved for indication, in Option-2, it should be assumed that the corresponding scenario will be known for the UE before receiving the SIB for K_offset. For example, the MIB may include e.g., 2 bits to indicate the scenarios, which may have a lot of impact to the specification for RAN 1 as well as RAN 2. Moreover, with consideration on these two bits, none benefit of signalling overhead can be foreseen at all for this option. Then, it’s fairly simple to take Option-1 with one value range, e.g., (0-542) for all scenarios. And in this regard, only 10 bits in SIB is workable. Moreover, 10 bits can actually indicate a larger value range as (0 - 1023), which can ensure available K_offset to be configured for flexible deployments with different configurations of minimum elevations, altitudes. Meanwhile, other values can be reserved for potential evolution without addition signalling overhead. 
[bookmark: _Ref17075][bookmark: _Ref29612]Table 1 Value range of K_offset for FR1
	
	Alternative value ranges
	Signalling overhead

	LEO
	(0 – 49) ms
	6 bits + (2 bits)

	MEO
	(93–395) ms
	9 bits + (2 bits)

	GEO
	(477 - 542) ms
	10 bits + (2 bits)


Therefore option 1, i.e., one value range of K_offset as (0~1023) is preferred for GEO, MEO, LEO scenarios. 
Observation 1: For value range of K_offset for FR1, there is not only a lot of impact on specification but no benefit of signaling overhead if different value ranges are adopted.
Proposal-1: For FR1, one value range of K_offset as (0~1023) should be supported for GEO, MEO, LEO scenarios. 
· HAPS/ATG
Given the maximum RTD in HAPS scenarios is below 2 ms, the RTD can be handled by existing configuration of K2, as well as the enhanced K1 for NTN. It’s up to gNB’s implementation that K_offset can be zero for HAPS/ATG. No additional specification efforts or agreements are needed.
Proposal-2: It’s up to gNB’s implementation that K_offset can be zero for HAPS/ATG. 
2.2 Signalling of updating K_offset
In the last meeting [3], the following 2 options were summarized regarding to the MAC CE design to provide UE specific K_offset. Then the down-selection is needed.
Option 1: MAC CE provides a full UE specific K_offset value.
Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.
The difference between these options is clear, i.e., finer MAC CE signalling can be achieved if a differential value is signalled (option 2). In our view, it’s meaningful to provide a simpler MAC CE for NTN system at the very beginning. Which indicates the adjustment of K_offset instead of indicating the whole value range for the update of K_offset each time. As a result, the MAC CE overhead can be reduced a half with the cost of just a subtract operation at UE side. For example, as shown in Table 2 [4], significant benefit of signalling overhead can be achieved if the UE-specific K_offset is indicated by signalling differential K_offset. Wherein, UE-specific K_offset = Cell specific K_offset - Differential value.
[bookmark: _Ref24604][bookmark: _Ref10775]Table 2 MAC CE indicates a new/differential K_offset
	
	
	Signal a new K_offset
	Signal differential value

	GEO
	Maximum RTD = 542 ms.
Maximum differential RTD = 21 ms
	10 bits
	5 bits

	LEO 1200
	Maximum RTD = 42 ms.
Maximum differential RTD = 7 ms
	6 bits
	3 bits


Proposal-3: Signal a differential value via MAC CE to provide or update UE specific K_offset. And UE-specific K_offset = Cell specific K_offset - Differential value.
1. Cell specific K_mac
When the reference point is located at the serving satellite, K_mac (RP-gNB RTT) is not equal to 0. And based on previous agreements, signalling of K_mac can be used for following time relationships: 
· MAC CE activation/deactivation
· Start of Msg2/MsgB RAR window
For the value range of K_mac in FR1, similar solution can be determined once the value range of K_offset was concluded, e.g., a same value range as (0~511) for K_mac can be used for GEO, MEO, LEO scenarios. Moreover, when RP is at the satellite, 10 bits for indicating cell-specific K_offset would be unnecessary, since the K_offset only covers the service link TA. Then the MSB of the 10 bits can be reserved.
Proposal-4: For FR1, one value range of K_mac as (0~511) should be supported for GEO, MEO, LEO scenarios. 
1. Application of the K_offset
Regarding the transmission timings related to fallback DCI formats, there’s no necessary to define a limitation that only cell-specific K_offset is used for all timing relationships. Once the UE-specific value is available via the MAC CE for updating, such value should be applied for the scheduling via fallback DCI in the similar manner as non-fallback DCI.
Proposal-5: For transmission scheduled by fallback DCI formats, UE-specific K_offset can be used if the value was updated via signalling. 
1. Others 
5.1 PDCCH ordered PRACH
During the discussion in RAN1# 106b-e meeting [3], the majority support to use cell-specific K_offset in the PDCCH ordered PRACH timing relationship. And in our view, when the UE is out of UL synchronization, the previous reported TA may be outdated and the latest UE-specific TA obtained from network will also be incorrect. Then, directly reusing of the initial K_offset should be preferred to ensure the robust UL transmission. 
Proposal 6: Support cell-specific K_offset for PDCCH order PRACH.
W.r.t the impact to TS 38.213 based on the enhancement of timing relationship of PDCCH order PRACH as below:
Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot n, UE determines the next available PRACH occasion after uplink slot n+K_offset to transmit the ordered PRACH.
The following specification texts [4] are discussed:
“If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec.” 
In our view, this paragraph determines the minimum time between the PDCCH order receiving and the PRACH transmission from UE side. Basically the PDCCH order is received in downlink slot n, which is same as the meaning of the front part of the agreement. Whereas, it may be ambiguous for the slot of the PRACH transmission in the cited specification. For example, if here refer to the DL slot n+K_offset, then the equation needs to be modified with additional K_offset, but it seems not aligned with the agreement above that the ordered PRACH is transmitted in the available PRACH occasion after uplink slot n+K_offset. In this regard, “the first symbol of the PRACH transmission” is determined in the UL slot n+K_offset (actual UL timeline), and modification is not needed. As a result, the following sentence (marked in red) can be captured to resolve this issue:
#===
#38.213 section 8.1
For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the random access preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the PDCCH order. The available PRACH occasion should be after the uplink slot n+K_offset if the PDCCH order is received in downlink slot n.
Proposal 7: Capturing the following CR in 38.213 section 8.1 to reflect the enhancement on timing relationship for PDCCH ordered PRACH:
#===
#38.213 section 8.1
For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the random access preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the PDCCH order. The available PRACH occasion should be after the uplink slot n+K_offset if the PDCCH order is received in downlink slot n.
5.2 K1 indication with enhanced DCI
For unpaired spectrum, given the maximum HARQ process number is up to 32, and the value range of K1 is extended as (0..31), the network is able to allocate a lot of consecutive PDSCHs (e.g.,16 PDSCHs). In this case, corresponding HARQ-ACK feedback to each PDSCH would be needed. Thus, more candidates of K1 conveyed in the DCI field can be useful to indicate the time resource of the HARQ-ACK feedbacks.
Proposal 8: For unpaired spectrum, indication of the extended K1 value via enhanced DCI should be supported.
5.3 Beam failure recovery
In NR, BFR can be used for quick recovery of beam-specific radio link if the link connection is interrupted by e.g., sudden blockage. As to the NTN situation, considering the movement of satellite and UE, that’s definitely possible that exist similar use case as e.g., sudden blockage, or random change/sudden deterioration of channel condition. In this case, the UE would probably link to another beam (SSB/CSI-RS) and be able to perform successful Random Access. For another case, i.e., overlapped footprint beams, the UE could switch to another beam assuming SSB/CSI-RS resource is pre-allocated for different beams. Therefore, the necessity of supporting BFR in NR-NTN is clarified. 
Regarding to the timing relationship on delay of start of PDCCH monitoring, and timing offset between PDCCH reception and PUCCH on the new beam, for the former one, the gNB DL timeline is advanced with value of K_mac, so gNB needs to delay the transmission of PDCCH to compensate it, e.g., transmit at slot n+4+K_mac after receiving PRACH at gNB UL slot n. Thus, the UE should monitor PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot n+4+K_mac. Note that no need to enhance it when DL-UL frame timing is aligned at gNB side. [5]
Proposal-9: If BFR is supported for NR-NTN, delay the start of PDCCH monitoring for receiving RAR with a value of K_mac when DL-UL frame timing is not aligned at gNB side.
1. Conclusions
In this contribution, further discussion on fundamental issues such as unit and value range of K_offset, update of K_offset, remaining issues on TA reporting are conducted with following observations and proposals: 
Observation 1: For value range of K_offset for FR1, there is not only a lot of impact on specification but no benefit of signaling overhead if different value ranges are adopted.
Proposal-1: For FR1, one value range of K_offset as (0~1023) should be supported for GEO, MEO, LEO scenarios. 
Proposal-2: It’s up to gNB’s implementation that K_offset can be zero for HAPS/ATG.
Proposal-3: Signal a differential value via MAC CE to provide or update UE specific K_offset. And UE-specific K_offset = Cell specific K_offset - Differential value.
Proposal-4: For FR1, one value range of K_mac as (0~511) should be supported for GEO, MEO, LEO scenarios. 
Proposal-5: For transmission scheduled by fallback DCI formats, UE-specific K_offset can be used if the value was updated via signalling.
Proposal 6: Support cell-specific K_offset for PDCCH order PRACH.
Proposal 7: Capturing the following CR in 38.213 section 8.1 to reflect the enhancement on timing relationship for PDCCH ordered PRACH:
#===
#38.213 section 8.1
For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of the random access preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the PDCCH order. The available PRACH occasion should be after the uplink slot n+K_offset if the PDCCH order is received in downlink slot n.
Proposal 8: For unpaired spectrum, indication of the extended K1 value via enhanced DCI should be supported.
Proposal-9: If BFR is supported for NR-NTN, delay the start of PDCCH monitoring for receiving RAR with a value of K_mac when DL-UL frame timing is not aligned at gNB side.
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