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[bookmark: _Hlk521259925]In the last RAN1 #103-e meeting, several agreements were achieved on timing relationship enhancements for NTN [1].
	[bookmark: _Hlk56149827]On configuration of K_offset
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.

On MAC CE command timing relationship
Agreement:
Denote by K_mac a scheduling offset other than K_offset:
· If downlink and uplink frame timing are aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· If downlink and uplink frame timing are not aligned at gNB: 
· For UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, K_mac is needed. 
· For UE action and assumption on uplink configuration indicated by a MAC-CE command in PDSCH, K_mac is not needed.
· Note: This does not preclude identifying exceptional MAC CE timing relationship(s) that may or may not require K_mac.

On configured grant timing relationships
Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

On 2-Step RACH timing relationships
Agreement:
Introduce K_offset (may or may not be the same as the K_offset value in other timing relationships) to enhance the timing relationship of HARQ-ACK on PUCCH to MsgB.

Conclusion:
The agreement made at RAN1#102-e about introducing K_offset in the transmission timing of RAR grant scheduled PUSCH is also applicable to fallbackRAR scheduled PUSCH.



In this contribution, we will discuss on related issues on timing relationship enhancements for NTN.

Configuration of K_offset
Implicit and/or explicit signaling of K_offset in system information
In the last RAN1 meeting, there was a preliminary discussion on explicit and/or implicit signaling of K_offset used in initial access, but no consensus ware achieved. Moderator thus suggested to postpone the discussion until more design aspects of NTN become clearer.
	Moderator recommendation on Issue #1 – implicit and/or explicit signaling of K_offset:
Implicit and/or explicit signaling of K_offset in system information can be left as FFS until more design aspects of NTN become clearer.


In the last RAN1 meeting, it was agreed to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris. i.e., UE specific TA is equal to service link RTD (tS).
The network may or may not broadcast a common timing offset value (X) depends on where the downlink and uplink frame timing alignment point is.
As shown in Figure 1, if the downlink and uplink frame timing are aligned at gNB, the network should broadcast a common timing offset value which is equal to the feeder link RTD (tF). Then 
[bookmark: _Hlk60826486]TA = UE specific TA + an informed common timing offset value = the service link RTD (tS) + the feeder link RTD (tF)
otherwise, if the downlink and uplink frame timing are aligned at satellite, the network may not broadcast a common timing offset value. Then
TA = UE specific TA = the service link RTD (tS)
For both cases, K_offset should be no less than TA, i.e.,
K_offset >= TA
Based on above observation, in either case, K_offset and a common timing offset value do not have the same magnitude, so they can NOT be easily derived from each other via implicit way.
Based on the above discussion, explicit signaling of K_offset in system information should at least be supported.
Proposal 1: Explicit signaling of K_offset in system information should at least be supported.


  
(a) Downlink and uplink frame timing aligned at gNB


  
(b) Downlink and uplink frame timing aligned at satellite
Figure 1: Relationship between K_offset and TA.
By the way, as captured in TR 38.821, Common TA = satellite to reference point RTD + feeder link RTD (tF), which has the same magnitude of K_offset if the downlink and uplink frame timing are aligned at gNB. Therefore, if Common TA based TA determining solution can be further studied, only one parameter of Common TA (or a common timing offset value) and K_offset needs to be explicitly indicated in system information, while the other one can be implicit derived.
Regarding that “Common TA <= K_offset <= Common TA + maximum TA adjust range in RAR”, the following two alternatives can be further considered
· Alt 1: Common TA is explicitly indicated in system information, while Initial K_offset is calculated as following
· K_offset (in slot) = ⌈Common TA + maximum TA adjust range indicated by RAR⌉
· Alt 2: K_offset is explicitly indicated in system information, while Common TA is calculated as following
· Common TA = K_offset - maximum TA adjust range indicated by RAR
Proposal 2: If Common TA based TA determining solution can be further studied, implicit signaling of K_offset in system information can be further considered to avoid potential signaling redundancy.

Cell specific and/or beam specific value of K_offset in initial access
In the last RAN1 meeting, it has been agreed to at least support a cell specific K_offset configuration, with FFS on beam specific K_offset configuration.
	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.


As discussed in our company’s contribution [2], the following two alternatives can be considered to realize beam specific K_offset configured in system information.
· Alt 1: cell specific system information based, i.e., a list of beam specific K_offset values is carried in cell specific system information, and it needs to be repeated across beams.
· [bookmark: _Hlk60908773]Alt 2: beam specific system information based, i.e., beam specific K_offset is carried in beam specific system information, where different beam specific system information may carry different beam specific value.
Alt 2 seems more attractive since it can avoid repeating the list of K_offset values across beams to significantly save signaling overhead.
In order to support beam specific system information, the following specification enhancement can be considered.
· In addition to cell specific and area specific system information, further support beam specific system information.
· 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.
	Clause 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 3: For K_offset configured in system information and used in initial access, beam specific system information based beam specific K_offset configuration, where different beam specific system information may carry different beam specific K_offset value, can be supported.

Whether to update K_offset after initial access
Note that, 

i.e., introduce K_offst and/or enlarge k1/k2 value range have similar effect for enlarging timing indication range.
As discussed in [3], the NTN beam size can be quite large. TR 38.821 captures that the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3 ms for GEO and 3.2 ms for LEO maximum differential delay within a satellite beam. In such a large cell, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO.
· 20.6 ms is equivalent to 20.6 / 51.2 / 102.4 / 204.8 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
· 6.4 ms is equivalent to 6.4 / 12.8 / 25.6 / 51.2 slots for SCS 15 / 30 / 60 / 120 kHz, respectively.
It is reasonable to support updating K_offset after initial access, otherwise, the ranges of K1 and/or K2 need to be significantly extended.
Proposal 4: Update K_offset after initial access under network control can be supported.

How to update K_offset after initial access
In the last RAN1 meeting, there was a preliminary discussion on how to update K_offset after initial access, but no consensus ware achieved. Moderator thus suggested to further inputs in this RAN1 meeting.
	Moderator recommendation on Issue #1 – how to update K_offset after initial access:
On how to update K_offset after initial access, companies are encouraged to review views collected in Section 1.2.4 and provide input to RAN1#104-e.


As shown in Figure 1, K_offset should be no less than TA, i.e.,
· If the downlink and uplink frame timing are aligned at gNB, 
K_offset >= TA = the service link RTD (tS) + the feeder link RTD (tF)
· If the downlink and uplink frame timing are aligned at satellite,
K_offset >= TA = the service link RTD (tS)
Note that in the both cases, gNB only knows the feeder link RTD (tF). Thus, if without any assist information as reported by the UE on the service link RTD (tS), gNB can NOT determine what exactly K_offset value should be, let alone subsequent network indication for K_offset updating.
Therefore, compared to detailed network indication signaling design for K_offset updating, the study on UE reporting TA related information for facilitating network updating K_offset after initial access needs to be prioritized.
Proposal 5: Compared to detailed network indication signaling design for K_offset updating, the study on UE reporting TA related information for facilitating network updating K_offset after initial access needs to be prioritized.

On K1 range extension
In the last RAN1 meeting, there was a preliminary discussion on K1 range extension, but no consensus ware achieved. Moderator thus suggested for more offline discussion. 
	Moderator recommendation on Issue #3:
On K1/K2 range extension, proponents are encouraged to have offline discussions with other companies.


Based on the offline discussion, up to 10 companies (CMCC, MediaTek, ZTE, CAICT, Thales, VIVO, Eutelsat, Ericsson, Xiaomi, Spreadtrum) supported extending K1 range, and 11 companies (InterDigital, Qualcomm, Huawei, Samsung, Lenovo/MM, ETRI, Fraunhofer IIS/Fraunhofer HHI, Intel, Panasonic, LG, OPPO) were open to the enhancements.
The potential benefits have been identified as following:
· Extending K1 value range is beneficial to guarantee all 32 HARQ processes’ feedback can be multiplexed in a HARQ-ACK codebook, at least for TDD or half-duplex FDD, which is important for ATG and HAPS.
· As shown in Figure 2, CMCC is deploying a trial ATG network at 4.8GHz operating band with DL dominated TDD frame structure (e.g., 27DL:4GP:9UL frame structure with 30kHz SCS ) in China [4]. As shown below, if extension of K1 range is not supported, more than half DL slots cannot be scheduled due to the lack of available HARQ-ACK feedback resource caused by out of indication range of K1.
· Furthermore, for ATG scenario, one ATG gNB may cover 1~3 airplanes, i.e., one gNB may simultaneously service 1~3 ATG CPEs, assume each airplane equips with one ATG CPE. In this case, K_offset based solution for extending HARQ-ACK feedback timing range is not desirable. For example,
· When a gNB serves only one CPE, K_offset based solution is not desirable since full 32 HARQ processes should be schedulable for the CPE to avoid limiting the throughput of the UE. 
· When there are 2~3 CPEs simultaneously served by a gNB, K_offset based solution is still not a good solution since it may significantly restrict scheduling flexibility.
· Furthermore, considering that the airplanes are moving in a high speed, initial K_offset broadcasting and K_offset updating in RRC connected mode may be complex.
· Finally, as captured in NTN WID [5], NTN aims to implicitly compatible with HAPS and ATG, and TDD is not precluded in HAPS and ATG scenarios.
· Even if UE-specific K_offset updating via high level signaling is supported, slightly extending K1/K2 value range (e.g., K1 value extend to 0..31) is also beneficial to significantly reduce the potential high level signaling overhead for frequently updating K_offset to capture rapidly changed RTT in LEO scenario.
· Not only updating K_offset but also extending K1/K2 are possible options to improve scheduling efficiency, latency performance, and HARQ process management.
· If K_offset is updated via common signaling, extension of the K1/K2 values is valuable to migrate the close/near UE problem.
Note that there is no need to extend the bit size of PDSCH-to-HARQ_feedback timing indicator field in DCI at least for ATG and HAPS scenario.

[image: ]  
[bookmark: _Hlk53511792]Figure 2: DL dominated frame structure with >16 concatenated DL slots in ATG.
Based on above discussion, the value range of K1 should be extended to larger than 15, e.g., 31.
Proposal 6: Extend the value range of K1 from (0..15) to (0..31), while keep the bit size of PDSCH-to-HARQ_feedback timing indicator field in DCI unchanged.

Configured grant timing relationships
Configured grant type 2
In the last RAN1 meeting, the following working assumption was made on timing relationships for configured grant type 2.
	Working Assumption:
K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.


For configured grant type 2, the periodical CG resources are configured via RRC, but the first transmission opportunity of PUSCH is scheduled by DCI for activation. So K_offset is needed for configured grant type 2 and it can be used in the same way as K_offset applied to the transmission timing of DCI scheduled PUSCH.
Therefore, it is suggested to conform the working assumption made in the last RAN1 meeting.
Proposal 7: For configured grant type 2, conform the working assumption made in the last RAN1 meeting.
· K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.

2-Step RACH timing relationships
[bookmark: _Hlk61022217]Start of Msg2/MsgB RAR window
In the last RAN1 meeting, there was a preliminary discussion on start of Msg2/MsgB RAR window, but no consensus ware achieved. Moderator thus suggested for more discussion in this meeting.
	Moderator recommendation on Issue #5 – start of Msg2/MsgB RAR window:
On the start of Msg2/MsgB RAR window, companies are encouraged to conduct more investigations and provide input to RAN1#104-e on the interpretation of existing spec text:
· Interpretation 1: Logical UL timing, i.e., TA is not considered and assumed to be zero.
· Interpretation 2: Actual UL timing, i.e., TA is considered.
· Interpretation 3: Actual DL timing before TA is applied.
· More interpretations?

Section 8.2, TS 38.213 – 4-step RACH:
… The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Clause 10.1. …
Section 8.2A, TS 38.213 – 2-step RACH:
… The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set. …



In our view, as shown in Figure 3,
· When downlink and uplink frame timing are aligned at gNB, RAR_window_offset is not needed. In this case, if UE transmits PRACH at UL slot #n, it will determine the available CORESET for RAR monitoring starting from its DL slot #n.
· When downlink and uplink frame timing are not aligned at gNB, RAR_window_offset is needed. 
· Especially, if downlink and uplink frame timing are aligned at satellite, RAR_window_offset = 2 * delay – TA = service link RTD + feeder link RTD - service link RTD = feeder link RTD. In this case, signaling indication of RAR_window_offset or feeder link RTD is necessary.

Proposal 8: When downlink and uplink frame timing are aligned at gNB, indication of RAR_window_offset is not needed.
Proposal 9: When downlink and uplink frame timing are not aligned at gNB, indication of RAR_window_offset is needed.


(a) Downlink and uplink frame timing aligned at gNB


(b) Downlink and uplink frame timing aligned at satellite
Figure 3: Start of RAR window.

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:
Proposal 1: Explicit signaling of K_offset in system information should at least be supported.
Proposal 2: If Common TA based TA determining solution can be further studied, implicit signaling of K_offset in system information can be further considered to avoid potential signaling redundancy.
Proposal 3: For K_offset configured in system information and used in initial access, beam specific system information based beam specific K_offset configuration, where different beam specific system information may carry different beam specific K_offset value, can be supported.
Proposal 4: Update K_offset after initial access under network control can be supported.
Proposal 5: Compared to detailed network indication signaling design for K_offset updating, the study on UE reporting TA related information for facilitating network updating K_offset after initial access needs to be prioritized.
Proposal 6: Extend the value range of K1 from (0..15) to (0..31), while keep the bit size of PDSCH-to-HARQ_feedback timing indicator field in DCI unchanged.
Proposal 7: For configured grant type 2, conform the working assumption made in the last RAN1 meeting.
· K_offset can be applied to indicate the first transmission opportunity of PUSCH in Configured Grant Type 2 in the same way as K_offset is applied to the transmission timing of DCI scheduled PUSCH.
Proposal 8: When downlink and uplink frame timing are aligned at gNB, indication of RAR_window_offset is not needed.
Proposal 9: When downlink and uplink frame timing are not aligned at gNB, indication of RAR_window_offset is needed.
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