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[bookmark: _Hlk521259925]In RAN1#105-e meeting, agreements were achieved on timing relationship enhancements for NTN [1] :
	Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

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 this contribution, we will discuss some timing related aspects for NTN.
Discussion
Issue #1-1: K_offset update
In RAN1#104b-e meeting, several agreements were achieved on K_offset update [2].
	Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options


In RAN1#105-e meeting, Moderator suggested for more inputs in this RAN1 meeting, taking the following into account [3].
	Moderator recommendation on 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


In our view, 
· For GEO, change on UE-to-gNB RTT can be rare. Thus, both cell-specific and UE-specific K_offset updates can be rare. In this scenario, UE-specific K_offset update via RRC reconfiguration is preferred.
· For LEO with earth moving cells,
· w.r.t. cell-specific K_offset, change on maximum service link RTT can be rare, while, change on Satellite-to-gNB RTT may be very quickly. Thus, cell-specific K_offset update may be carried out, e.g., once every seconds. It can be done via system information update.
· w.r.t. UE-specific K_offset, both change on UE-to-Satellite RTT and Satellite-to-gNB RTT may be very quickly. Thus, UE-specific K_offset update may be carried out, e.g., once every seconds.
· Considering additional RRC reconfiguration for UE-specific K_offset update seems inefficient, thus, UE-specific K_offset update via MAC CE is preferred in this scenario.
· For LEO with earth fixed cells,
· w.r.t. cell-specific K_offset, both change on maximum service link RTT and Satellite-to-gNB RTT may be very quickly. Thus, the update frequency for cell-specific K_offset is even higher than LEO with earth moving cells case. Nevertheless, cell-specific K_offset update may also be done via system information update.
· w.r.t. UE-specific K_offset, both change on UE-to-Satellite RTT and Satellite-to-gNB RTT may be very quickly. Thus, UE-specific K_offset update via MAC CE is preferred in this scenario.
Based on the above discussion, regarding UE-specific K_offset update after initial access, both MAC CE option and RRC reconfiguration option can be supported, wherein, RRC reconfiguration option is more suitable for GEO because frequent update is not necessary, while MAC CE option is more suitable for LEO to allow a quick update of the K_offset value.
Nevertheless, if further down-selection is needed, MAC CE option is preferred for universality. 
Proposal 1: Regarding UE-specific K_offset update after initial access, both MAC CE option and RRC reconfiguration option can be supported.
Proposal 2: If further down-selection is needed, MAC CE option is preferred for universality.
Issue #1-2: TA reporting for answering RAN2 LS
In RAN1#105-e meeting, a LS on TA pre-compensation was received from RAN2, with the following questions [4].
	RAN2 has discussed TA pre-compensation reporting and agreed that at least for uplink scheduling adaptation, the UE may report information about the UE specific TA pre-compensation. RAN2 would like to ask RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation. 
ACTION:  3) RAN2 respectfully requests RAN1 to provide input on the exact content and frequency of UE reporting of information about the UE specific TA pre-compensation at least for uplink scheduling adaptation.


In RAN1#105-e meeting, Moderator suggested for more inputs on TA reporting in this RAN1 meeting [3].
	Moderator recommendation on 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)?


Q1: At least for uplink scheduling adaptation, what is the exact content of UE reporting of information about the UE specific TA pre-compensation?
In addition to the listed four options, a new option (i.e., Option 5) is suggested.
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
For Option 5, a UE reports a delta value to the gNB, where, the delta value is equal to the difference between the last applied K_offset and one new K_offset suggested by UE. If the UE-specific K_offset has never been indicated, the last applied K_offset is equal to the cell-specific K_offset; otherwise, the last applied K_offset is equal to or the last indicated UE-specific K_offset.
After receiving the UE reported delta value, gNB may update the UE-specific K_offset based on the reported the delta value, and indicate a new UE-specific K_offset to UE.
For example, the gNB may update the UE-specific K_offset as following
the new indicated UE-specific K_offset = the last applied K_offset at UE + the delta value reported by the UE
Option 5 is preferred for straightforward and less signaling overhead.
Proposal 3: Regarding TA report, option 5 can be supported.
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.

Beside Option 5, Option 4 and Option 3 are also preferred for less signaling overhead.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset
· Option 3: UE location
Furthermore, regarding Option 4, in order to avoid the ambiguity during the period when cell-specific K_offset is updated, a clear definition of the reference cell-specific K_offset associated with one TA report may be needed.
Regarding Option 3, the most challenge is privacy issue, as UE location is private information, which may only be reported to location server. Thus, Option 3 can not be taken as a universal solution. It can only be applied for part UEs, who is open to report its location information for efficiency.
On the other hand, Option 1 and Option 2 are not preferred due to significant signaling overhead.
Based on the above discussion, Option 3, Option 4, and Option 5 are preferred.
Proposal 4: TA report is supported with at least one of following information:
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 3: UE location.
Issue #2: K_offset value determination
In RAN1#104b-e meeting, two options were agreed on K_offset value determination, which needs down-selection [2].
	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


In RAN1#105-e meeting, Moderator suggested for more inputs in this RAN1 meeting, taking the following into account [3].
	Moderator recommendation on Issue #2:
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.


We still prefer to Option 2 (sum of two values) with the following considerations:
· The ~1-bit saving in Option 2 vs Option 1 appears free.
· In NTN, the channel condition is not good, thus even 1 bit saving in system information is valuable.
· For LEO with moving beam, the maximum RTT in service link keeps unchanged, thus the first part in Option 2 (used to cover the RTT between serving satellite) may keep unchanged, i.e., no explicit update for cell specific K_offset is needed. Thus, for a UE in connected who needs to obtain the latest cell specific K_offset, it does not need to re-read the system information containing the first part of K_offset in Option 2. It may save power consumption as well as to increase scheduling flexibility for less frequent requirement on system information reading.
Furthermore, note that  is in unit of , and a slot has a duration of  ms, then K_offset can be determined as following
K_offset (in unit of slot) = offset_1 + offset_2
where offset_2 is explicitly indicated in system information, while,

Proposal 5: For determination of cell-specific K_offset in system information, Option 2 (K_offset is equal to the sum of the two indicated offset values) should be supported, wherein,
· K_offset (in unit of slot) = offset_1 + offset_2, where offset_2 is explicitly indicated in system information, and offset_1 is implicitly determined by common TA () as following.

[bookmark: _Hlk70431625]Issue #4: Beam-specific K_offset in initial access
In RAN1#103-e meeting, a cell specific K_offset configuration was agreed, while beam specific K_offset was left FFS [5]. 
	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.


There was no progress in RAN1#105-e meeting.
In fact, we still prefer to beam specific K_offset with the following consideration.
· Beam specific K_offset is beneficial for finer granularity.
· Compared to repeating a list of K_offset values across beams, beam specific SIB, which is only applicable for NTN, can be further considered to reduce signaling overhead. The specification impact to support beam specific SIB seems minimal.
· If beam-specific K_offset is carried in SIB1,
· Support beam specific SIB1.
· UE behavior (no change): Note that each Type0-PDCCH CSS is associated with a SSB. Then PDCCH for beam specific SIB1 is inherently beam specific, and UE can determine it according to its associated SSB.
· If beam-specific K_offset is carried in other SIBs except SIB1, 
· Add beamScope field in SIB-TypeInfo IE (TS 38.331)
	· SIB-TypeInfo ::=                    SEQUENCE {
·     type                                ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9,
·                                                      sibType10-v1610, sibType11-v1610, sibType12-v1610, sibType13-v1610, sibType14-v1610,
·                                                     spare3, spare2, spare1,... },
·     valueTag                            INTEGER (0..31)                                                  OPTIONAL, -- Cond SIB-TYPE
·     areaScope                           ENUMERATED {true}                                                OPTIONAL -- Need S
·     beamScope                           ENUMERATED {true}                                                OPTIONAL -- Need S
· }


· UE behavior (minor change): UE can determine PDCCH monitoring occasion (s) associated with a given SSB from current specification. To support beam-specific SIBs except SIB1, specification can be enhanced to restrict UE only monitoring in PDCCH monitoring occasion (s) associated with its SSB.
	[Section 5.2.2.3.2, TS 38.331]
The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an a beam specific SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation it is not transmitted in a PDCCH monitoring occasion corresponding to SSBs other than the transmitted one.


Proposal 6: gNB has the flexibility of configuring cell-specific or beam specific value of K_offset.
· Beam specific SIB can be supported, i.e., different beam specific SIB may carry different beam specific values (e.g., K_offset).
Issue #5: MAC CE timing relationships
In RAN1#105-e meeting, there was a great progress on MAC CE timing relationships [1].
	Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 


There was a discussion on potential deployment scenarios for which may need K_mac configuration in RAN1#104b-e meeting.
· Scenario 1: RU located at gNB
· Scenario 2-a: RU located at gateway, with gateway and gNB co-located
· Scenario 2-b: RU located at gateway, with gateway and gNB located away from each other
· Scenario 3: RU located at satellite
In our view, Scenario 1 and Scenario 2-a are corresponding to DL & UL timing aligned at gNB, and Scenario 2-b and Scenario 3 are corresponding to DL & UL timing unaligned at gNB. Furthermore, Scenario 3 means transparent payload and the study of Scenario 3 is not within Rel-17 scope.
[bookmark: _Hlk70439837][bookmark: _Hlk70439852]Based on the above discussion, Scenario 2-b is the only valid deployment scenario which requires DL & UL timing unaligned at gNB. Thus, the K_mac value which is used to compensate the unalignment caused by the distance between NTN GW and gNB should be fixed.
Observation 1: Scenario 2-b (RU located at gateway, with gateway and gNB located away from each other) seems as the only valid deployment scenario which requires DL & UL timing unaligned at gNB.
Proposal 7: The K_mac value provided by network can be fixed.
· Note: The K_mac is used to compensate the fixed unalignment caused by the distance between NTN GW and gNB in Scenario 2-b (RU located at gateway, with gateway and gNB located away from each other).
Issue #7: On K1/K2 range extension
In RAN1#104-e meeting, agreement on extend the value range of K1 for unpaired spectrum was agreed, with FFS on the impact of DCI [6].
	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 our view, at least for ATG scenario, the network can be workable even if the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI does not change.


Figure 1: DL dominated frame structure with >16 concatenated DL slots in ATG.
As shown in Figure 1, for a DL dominated TDD frame structure (e.g., 27DL:4GP:9UL) in ATG, when the value range of K1 extended to (0..31), several candidates of k1 values (e.g., 31, 22, 13) can guarantee that all PDSCH has a corresponding UL slot for HARQ feedback.
Observation 2: At least for ATG scenario, the network can be workable even if the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI does not change.

Nevertheless, as commented by ZTE in RAN1#105-e meeting, the flexibility of scheduling is quite limited with maximum 3 bit PDSCH-to-HARQ_feedback timing indicator field in DCI [3].
	[image: ]
As the example shown above, for the scheduling with larger HARQ process number, since currently the DCI field (3 bits) can only support 8 different K1 candidates, the flexibility of scheduling is quite limited. So, there is need to further enhance it, e.g., extending the value range with 4 bits or other solutions.


Based on the above discussion, increase K1 value range in DCI is beneficial to allow higher scheduling flexibility. Regarding the candidate solutions, Option 4 (the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits in non-fallback DCI 1_1/1_2) is preferred for less spec impact.
Proposal 8: If increased K1 value range in DCI is supported, Option 4 (the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits in non-fallback DCI 1_1/1_2) is preferred for less spec impact.
Issue #10: PDCCH ordered PRACH
In RAN1#105-e meeting, there was a discussion on the timing relationship of PDCCH ordered PRACH, but no consensus was achieved [3].
	Initial proposal 10.2 (Moderator):
On the timing relationship of PDCCH ordered PRACH:
· Option 1: Introduce K_offset to enhance the timing relationship of PDCCH ordered PRACH.
· Option 2: Conclude that enhancing timing relationship of PDCCH ordered PRACH is not needed.
· Option 3: Proponents of enhancement are encouraged to have offline discussions with other companies that are negative to the enhancement.


PDCCH ordered PRACH is usually triggered when gNB has DL data for UE and the UL is unsynchronized. The purpose of PDCCH ordered RACH is to achieve UL synchronization so that the HARQ feedback associated with the DL data can work properly. In such case, the UE reported TA is not reliable since the UL is under the state of synchronization.
Therefore, for a PDCCH ordered PRACH, when UE selects its “the next available PRACH occasion”, the network can NOT always know which PRACH occasion was selected by the UE so that the network can receive accordingly.
Although network implementation based solutions, such as network perform blind detections over several ROs, seems workable, the network resource utilizing efficiency may be significantly reduced. Therefore, in order to align the understanding of RO resource selection at both UE and gNB for PDCCH ordered RACH and to reduce the blind detection at gNB side, we prefer Option1.
Proposal 9: Introduce K_offset to enhance the timing relationship of PDCCH ordered PRACH.
Conclusions
In this contribution, we share our views on related issues on timing relationship enhancements for NTN. The observations and proposals are summarised as follows:
Observation 1: Scenario 2-b (RU located at gateway, with gateway and gNB located away from each other) seems as the only valid deployment scenario which requires DL & UL timing unaligned at gNB.
Observation 2: At least for ATG scenario, the network can be workable even if the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI does not change.
Proposal 1: Regarding UE-specific K_offset update after initial access, both MAC CE option and RRC reconfiguration option can be supported.
Proposal 2: If further down-selection is needed, MAC CE option is preferred for universality.
Proposal 3: Regarding TA report, option 5 can be supported.
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
Proposal 4: TA report is supported with at least one of following information:
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· Option 3: UE location.
Proposal 5: For determination of cell-specific K_offset in system information, Option 2 (K_offset is equal to the sum of the two indicated offset values) should be supported, wherein,
· K_offset (in unit of slot) = offset_1 + offset_2, where offset_2 is explicitly indicated in system information, and offset_1 is implicitly determined by common TA () as following.

Proposal 6: gNB has the flexibility of configuring cell-specific or beam specific value of K_offset.
· Beam specific SIB can be supported, i.e., different beam specific SIB may carry different beam specific values (e.g., K_offset).
Proposal 7: The K_mac value provided by network can be fixed.
· Note: The K_mac is used to compensate the fixed unalignment caused by the distance between NTN GW and gNB in Scenario 2-b (RU located at gateway, with gateway and gNB located away from each other).
Proposal 8: If increased K1 value range in DCI is supported, Option 4 (the size of the PDSCH-to-HARQ_feedback timing indicator field is 0, 1, 2, 3, or 4 bits in non-fallback DCI 1_1/1_2) is preferred for less spec impact.
Proposal 9: Introduce K_offset to enhance the timing relationship of PDCCH ordered PRACH.
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