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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [1]. The study item phase has identified issues and made recommendations on NR timing relationships in a TP to 38.811 agreed in RAN1#99 [2]. In this contribution, we make observations and proposals to address issues discussed in RAN1#105e and summarized in FL summary  for NTN timing relationships [3].
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K_offset update
This section addresses Issue #1 in FL summary in [3]. 
Moderator made the following recommendations in RAN1#105-e
K_offset update option:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking the following into account.
· Option 1: support MAC CE option
· Option 2: support both MAC CE option and RRC reconfiguration option
Autonomous TA reporting:
Companies are encouraged to provide input on this issue at the next RAN1 meeting, taking into account the questions asked by RAN2 LS:
1)	At least for uplink scheduling adaptation, what is the exact content of UE reporting of information about the UE specific TA pre-compensation?
a.	Option 1: UE specific TA: [Apple, MediaTek, CATT, Lenovo/MM(?)]
b.	Option 2: Full TA: [ZTE, Lenovo/MM(?)]
c.	Option 3: UE location: [Panasonic]
d.	Option 4: Difference between UE-specific K_offset and cell-specific K_offset: [CMCC]
e.	Other option(s)?
2)	At least for uplink scheduling adaptation, how frequent is the UE reporting of information about the UE specific TA pre-compensation?
a.	Option 1: Event triggered: [Apple, ZTE, Panasonic, LG, Qualcomm, Xiaomi, CMCC, CATT]
b.	Option 2: Network request: [ZTE, Qualcomm]
c.	Option 3: Periodic: [Xiaomi, Lenovo/MM]
d.	Other option(s)?
On 1) Whether the K_offset update is supported via MAC CE or via RRC configuration would depend on how often it is needed to do the update. Assuming a maximum beam foot print size 3500 km in GEO and 1000 km in LEO, the maximum differential delay is 10.3 ms and 3.2 ms respectively [TR 38.821, Table 4.2-2]. The K_offset value could be configured to be equal to the maximum differential RTD of 20.6 ms and 6.4 ms, which corresponds to about 21 subframes for GEO. 
Option 1: A smaller Koffset value could be used to handle the UE-specific differential delay in NTN if the UE reports the autonomous UE-specific TA report. 
Option 2 Full TA is the sum of the UE-specific TA and common TA, with the latter being known by the network. One potential benefit is to reduce the complexity in gNB, which does not have to determine the full TA which is used for UL scheduling.  
Option 3 The need is unclear since UE location would be used to determine the full TA, hence it seems simpler to either have Option 1 or Option 2. Processing of UE location will add impact on network implementation and Location Service (LCS) application protocols, requiring frequent use of Location Centre network entity for UL scheduling. We have some concern for regulatory and security aspects where UE location may need to be shared un-necessarily without user consent to support essential functionality of NTN. 
Option 4 Difference between UE-specific K_offset and cell-specific K_offset seems related to the question on K_offset value determination and will be discussed in the next section.
On 2) The autonomous TA report only needs to be sent to avoid ambiguity at the subframe boundary, where the maximum differential RTD becomes greater than half a subframe. For example with LEO=600 km, the satellite speed is 7.6 km/s. The 2-way time drift over the service link and feeder link in one second is about 100 us. The UE autonomously acquired TA report needs to be sent by UE about every 5 seconds (=500 µs / 100 µs) for numerology μ=0. Table 1 shows TA report frequency with numerology. 
Proposal 1: The UE-specific TA report is reported by UE when its UE-specific TA has changed by no more than half subframe duration. 
Proposal 2: Support UE-specific TA report by the UE via MAC CE. 

	Numerology μ
	0
	1
	2
	3

	TA report frequency
	5 s
	2.5 s
	1.25 s
	0.625 s


Table 1: TA report frequency with numerology for LEO @ 600 km
Option 1 Event triggered: this option would fit autonomous decision by the UE to send the TA report, as the UE knows when its autonomously calculated UE-specific TA has changed by half subframe duration. Mechanisms for UE to report UE-specific TA and configuration of resources could be further discussed. UE may make scheduling request or transmit MAC CE with TA report if scheduled UL grant in case it determines that the UE-specific TA has changed to almost half a subframe. 
Option 2 Network request: The common delay drift over the feeder link is known to the network, which can also determine the boundaries of the delay drift over the service link. Hence, it is reasonable to assume that the network having received at least one UE-specific TA report from a given UE may predict when the next TA report by the UE will be needed to optimize UL scheduling and make a network request to the UE to report the UE-specific TA. 
Option 3 Periodic: This option seems to be a special case included in Option 2 assuming that due to the deterministic motion of the satellite, the UE-specific TA will change by approximately half subframe at regular or periodical intervals.   
Proposal 3: Support Option 1 Event triggered (i.e. autonomous decision by the UE to send the TA report) and Option 2: Network request for UE-specific TA report.

K_offset value determination
This section addresses Issue #2 in FL summary in [3]. Two design options were discussed in RAN1#105e.
· Option 1: Signal one offset value for K_offset	
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
Moderator recommendation was: 
Companies are encouraged to rethink about their position and come back to this issue at the next RAN1 meeting, taking the following into account.
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
· 1 bit saving in higher layer signaling is negligible.

The update of K_offset was discussed in the previous section. 
In Option 1, the cell-specifc K_offset equal to the maximum RTD of the cell could be signalled only. The UE may then report the UE-specific TA, or full TA, or something else as discussed in the previous section.
In Option 2, K_offset 1 is a cell-specific K_offset value initially signalled. There are several possible interpretations for the K_offset 2 if updated via additional signalling: 
· K_offset 2 is the UE-specific TA or full-TA reported by the UE to the network. 
· [bookmark: _GoBack]K_offset 2 is the difference between UE-specific K_offset and cell-specific K_offset. Assuming set-1 LEO at 600 km orbit, central beam centre elevation 30 degrees and 3 dB bandwidth of 4.41 degrees, the longest propagation path is 1154 km and the beam diameter is 1887 km. With these values, the difference between UE-specific K_offset and cell-specific K_offset could be in the order of the cell-specific K_offset assuming it is chosen to be RTD corresponding to UE-satellite distance 600 km at Nadir. It could save one bit of signalling, but would require complex calculation in the gNB to determine the elevation angle at the UE and distance from UE to reference point for the cell-specific K offset.
· K_offset 2 is a beam-specific K_offset value. The UL scheduler flexibility may be significantly increased in case of large satellite cells with many beams. It seems this way is not needed, as it would be simpler to broadcast beam-specific K_offset rather than cell-specific offset. 
Another interpretation of Option 2 is to save the signalling overhead when both K_mac and K_offset are to be signalled where K_mac = K_offset 1 and K_offset 1 = 0 if not signalled. K_offset = K_offset_1 + K_offset_2. It is not clear this way is needed. Assuming the reference point for DL-UL subframe timing alignment is at the satellite, k_mac = RTD of feeder link and K_offset 2 = 0. 
Observation 1: If K_offset 2 is the difference between UE-specific K_offset and cell-specific K_offset, it could save one bit of signalling for TA report, but would require complex calculation in the gNB to determine the elevation angle at the UE and distance from UE to reference point for the cell-specific K offset.
Observation 2: It seems simpler to signal one offset value K_offset as a beam-specific K_offset rather than signalling K_offset 1 as cell-specific K_offset and K_offset 2 as beam-specific K_offset.
Proposal 4: Signal one offset value for K_offset and TA report are supported.

K_offset usage
This section addresses Issue #3 in FL summary in [3]. RAN1#105e made the following agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported

In case the UE needs to access cell, MSG4 / MSGB transmission during random access procedure should use the TC-RNTI.  
Observation 3: In case the UE needs to access cell, MSG4 / MSGB transmission during random access procedure should use the fallback DCI format 1_0 scrambled by TC-RNTI only for 
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH 
· The transmission timing of HARQ-ACK on PUCCH to MsgB 

Observation 4: Whether beam-specific K_offset is supported should be discussed further and agreed before updating agreement on usage of K_offset value signalled in system information. 

Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for NR timing relationships. 
K_offset update:
Proposal 1: The UE-specific TA report is reported by UE when its UE-specific TA has changed by no more than half subframe duration. 
Proposal 2: Support UE-specific TA report by the UE via MAC CE. 
Proposal 3: Support Option 1 Event triggered (i.e. autonomous decision by the UE to send the TA report) and Option 2: Network request for UE-specific TA report.
K_offset value determination:
Observation 1: If K_offset 2 is the difference between UE-specific K_offset and cell-specific K_offset, it could save one bit of signalling for TA report, but would require complex calculation in the gNB to determine the elevation angle at the UE and distance from UE to reference point for the cell-specific K offset.
Observation 2: It seems simpler to signal one offset value K_offset as a beam-specific K_offset rather than signalling K_offset 1 as cell-specific K_offset and K_offset 2 as beam-specific K_offset.
Proposal 4: Signal one offset value for K_offset and TA report are supported.
K_offset usage:
Observation 3: In case the UE needs to access cell, MSG4 / MSGB transmission during random access procedure should use the fallback DCI format 1_0 scrambled by TC-RNTI only for 
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH 
· The transmission timing of HARQ-ACK on PUCCH to MsgB 
Observation 4: Whether beam-specific K_offset is supported should be discussed further and agreed before updating agreement on usage of K_offset value signalled in system information. 
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