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	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.



Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:
· RAN1 definition of UE’s TA is given by the following agreement:
Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:
Agreement:
The granularity of the reported TA is slot.
· FFS how to round TA value to slot level granularity
· It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

R1-2110663	LS on UE TA reporting	RAN1, Ericsson



In this contribution, we will discuss some timing related aspects for NTN.
Discussion
Issue #1: K_offset update
On the support of RRC reconfiguration to update K_offset
Although it seems infrequently updating of UE-specific K_offset via RRC reconfiguration is enough in GEO scenario, we can accept MAC CE only solution to reduce spec effort since it has been agreed in the last RAN1 meeting.
Thus, it is suggested to not support UE-specific K_offset update in RRC reconfiguration.
Proposal 1: UE-specific K_offset update in RRC reconfiguration is not supported.
On the MAC CE design to provide UE specific K_offset
In RAN1#106b-e meeting, two options on MAC CE for updating UE specific K_offset were discussed, while no consensus was achieved. Moderator suggested for more inputs in this RAN1 meeting [2].
	Moderator recommendation on Issue #1 – MAC CE for updating UE specific K_offset:
Companies are encouraged to provide detailed design proposals for Option 1 and Option 2 to help finalize the design at RAN1#107-e.
· 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.


Regarding MAC CE design for updating UE specific K_offset, as shown in Table 1, the differential approach (i.e., Option 2) is preferred to significantly reduce signaling overhead.
Table 1: MAC CE design for updating UE specific K_offset.
	
	
	Option 1: signal full K_offset
	Option 2: signal differential K_offset

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

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


Proposal 2: For the MAC CE design to provide UE specific K_offset, signal a differential value (i.e., Option 2) is preferred to significantly reduce signaling overhead, i.e.,
· 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.

Furthermore, note that there is an ambiguity period for MAC CE update as discussed in the past RAN1 meetings.


Figure 1: Ambiguity period for MAC CE updating UE specific K_offset.
As shown in Figure 1, assume gNB send PDSCH carrying MAC CE to indicate full/differential UE-specific K_Offset in slot DL x, UE may send HARQ-ACK at UL slot n if it successfully decoded the PDSCH, and new MAC CE is applied after UL slot m, where, m = n + 3ms.
From gNB perspective,
· In Period 1, gNB assures that old UE specific K_offset is applied at UE side, where, Period 1 ends with x + T1, wherein,

· In Period 3, gNB can assure whether new or old UE specific K_offset is applied at UE side, based on UE’s HARQ-ACK feedback corresponding to the PDSCH carrying MAC CE, where, Period 1 ends with x + T2, wherein, 

· In Period 2, gNB can NOT assure whether new or old UE specific K_offset is applied at UE side, which depends on whether the PDSCH carrying MAC CE is successfully decoded or not. Note that the duration of Period 2 is

To address the ambiguity period issue, the following options can be considered.
· Option 1: It is up to network implementation. For instance, gNB may avoid scheduling (e.g., UL grant) in the ambiguity Period 2.
· Option 2: if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity Period 2.
· Option 3: Use a DCI field to indicate whether cell- specific K_offset or UE specific K_offset is used.
· Option 4: RRC and MAC CE configure/update more than one UE specific K_offset (just like TCI states indication), and use a DCI field to indicate which UE specific K_offset is used. Furthermore, MAC CE only updates part of UE specific K_offset values, and in the ambiguity Period 2, DCI indicates UE specific K_offset value which keeps unchanged in the MAC CE update procedure.
Among the above options, Option 2 is preferred for simplification.
Regarding Option 1, considering that the ambiguity Period 2 is very long (about RTT), avoid scheduling within an RTT duration (e.g., maximum 542 ms for GEO, and maximum 42 ms for LEO) would significantly reduce UE performance.
Regarding Option 3 and Option 4, they have significant spec impact on DCI design.
Observation 1: For MAC CE updating UE specific K_offset, there may be an ambiguity period with a duration about RTT. In this ambiguity period, gNB can NOT assure whether new or old UE specific K_offset is applied at UE side.
Proposal 3: To address the ambiguity period issue for MAC CE updating UE specific K_offset, the following options can be considered.
· Option 1: up to network implementation, e.g., avoid scheduling in the ambiguity period.
· Option 2: if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity period.
· Option 3: Use a DCI field to indicate whether cell- specific K_offset or UE specific K_offset is used.
· Option 4: RRC and MAC CE configure/update more than one UE specific K_offset, and use a DCI field to indicate which UE specific K_offset is used. Furthermore, MAC CE only updates part of UE specific K_offset values, and in the ambiguity period, DCI indicates UE specific K_offset value which keeps unchanged in the MAC CE update procedure.
Proposal 4: In order to address the ambiguity period issue for MAC CE updating UE specific K_offset, support Option 2, i.e.,
· Option 2: if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity period.
Issue #3: K_offset value range
In RAN1#106b-e meeting, several agreements were achieved on K_offset value range [1].
	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.





Regarding the benefit of Option 2, there was an observation by some companies that for LEO and GEO, 2 bits can be reduced by Option 2 while for MEO, additional 1 bit is necessary. Hence, it was concluded that the overhead reduction benefit of Option 2 is small. 
We don’t think so. In our view, the above observation is true only if the scenario indication (e.g., indicate GEO/MEO/LEO) is only associated with cell-specific K_offset. In fact, the design principle of per scenario value range configuration can also be considered for other NTN parameters, such as, Common TA parameters, satellite ephemeris, etc. In this case, a scenario indication can be broadcasted by the network, and it can be used for determining all the above parameters ranges. Thus, more signalling overhead reduction can be expected.
Proposal 5: For defining value range(s) of K_offset, support different value ranges of K_offset for different scenarios (Option 2).
Proposal 6: A scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris

Regarding the “FFS: ATG and HAPS”, the same value range can be considered for both HAPS and ATG. Note that the maximum attitude for HAPS is 50km and the maximum beam diameter for ATG is about 200km, the RTT is about 0~2ms in ATG/HAPS scenario.
Proposal 7: For defining value range(s) of K_offset, the value range for ATG and HAPS is 0-2 ms.
Issue #4: K_offset usage
In RAN1#105-e meeting, several agreements were achieved on K_offset usage issues [3].
	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


Regarding the “FFS: how to treat additional transmission timings related to fallback DCI formats”, there was a discussion in the RAN1 #106 meeting on the following two options [4].
· Option 1: Always use the cell-specific K_offset (i.e., the K_offset value signaled in system information)
· Option 2: UE-specific K_offset if provided (otherwise, use the cell-specific K_offset)
As discussed in Issue #1, in order to address the ambiguity period issue for MAC CE updating UE specific K_offset, Option 2 is preferred, i.e., if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity period. To enable Option 2, it is preferred to support always use the cell-specific K_offset for the additional transmission timings related to fallback DCI format.
Proposal 8: Support always use the cell-specific K_offset for the additional transmission timings related to fallback DCI format.
Issue #5: 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.


We 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 9: 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
Regarding whether additional mechanism(s) besides the usual system information update procedure for updating K_mac carried in system information is needed, we don’t think so. In our view, the K_mac value provided by network can be fixed.
Proposal 10: The usual system information update procedure is enough to initialize/update K_mac. Additional K_mac updating mechanism is not needed.
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 2: DL dominated frame structure with >16 concatenated DL slots in ATG.
As shown in Figure 2, 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 [7].
	[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. 
Proposal 11: Increased K1 value range in DCI can be further studied.
Issue #11: PDCCH ordered PRACH
In RAN1#106b-e meeting, there was a discussion on whether cell-specific K_offset or UE-specific K_offset is used in the enhanced PDCCH ordered PRACH timing relationship [2].
Cell-specific K_offset for PDCCH ordered PRACH is preferred, since in the case that PDCCH order RACH functionality is applied, UE-specific K_offset may be uncertain.
Proposal 12: Support cell-specific K_offset in the enhanced PDCCH ordered PRACH timing relationship.
Issue #14: UE reporting of information about the UE specific TA pre-compensation
In our view, the following options are further considered for UE specific TA report.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· 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 3 is considered for reduced signaling overhead. For example, for stationary UEs, only one report is sufficient. The most challenge is privacy issue, as UE location is private information, which may only be reported to location server. Thus, option 3 may cannot be taken as a universal solution. It may only be applied for part UEs, who is open to report its location information for efficiency. RAN2 has sent a LS to SA3 for clarifcation on support of UE location report.
Option 4 is preferred for less signaling overhead. 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.
Option 5 is preferred for straightforward and less signaling overhead. In this case, 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
Based on the above discussion, for UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· 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 13: For UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· 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.
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: For MAC CE updating UE specific K_offset, there may be an ambiguity period with a duration about RTT. In this ambiguity period, gNB can NOT assure whether new or old UE specific K_offset is applied at UE side.
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: UE-specific K_offset update in RRC reconfiguration is not supported.
Proposal 2: For the MAC CE design to provide UE specific K_offset, signal a differential value (i.e., Option 2) is preferred to significantly reduce signaling overhead, i.e.,
· 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.
Proposal 3: To address the ambiguity period issue for MAC CE updating UE specific K_offset, the following options can be considered.
· Option 1: up to network implementation, e.g., avoid scheduling in the ambiguity period.
· Option 2: if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity period.
· Option 3: Use a DCI field to indicate whether cell- specific K_offset or UE specific K_offset is used.
· Option 4: RRC and MAC CE configure/update more than one UE specific K_offset, and use a DCI field to indicate which UE specific K_offset is used. Furthermore, MAC CE only updates part of UE specific K_offset values, and in the ambiguity period, DCI indicates UE specific K_offset value which keeps unchanged in the MAC CE update procedure.
Proposal 4: In order to address the ambiguity period issue for MAC CE updating UE specific K_offset, support Option 2, i.e.,
· Option 2: if cell-specific K_offset is always used for the additional transmission timings related to fallback DCI format, use fallback DCI in the ambiguity period.
Proposal 5: For defining value range(s) of K_offset, support different value ranges of K_offset for different scenarios (Option 2).
Proposal 6: A scenario is indicated by the network, and it can be used for determining the following parameters ranges
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris
Proposal 7: For defining value range(s) of K_offset, the value range for ATG and HAPS is 0-2 ms.
Proposal 8: Support always use the cell-specific K_offset for the additional transmission timings related to fallback DCI format.
Proposal 9: 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 10: The usual system information update procedure is enough to initialize/update K_mac. Additional K_mac updating mechanism is not needed.
Proposal 11: Increased K1 value range in DCI can be further studied.
Proposal 12: Support cell-specific K_offset in the enhanced PDCCH ordered PRACH timing relationship.
Proposal 13: For UE reporting of information about the UE specific TA pre-compensation, at least one of the following options is supported.
· Option 3: UE location.
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset.
· 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.
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