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[bookmark: _Hlk521259925]In RAN1#104-e, agreements were achieved on timing relationship enhancements for NTN [1]:
	[bookmark: _Hlk56149827]Agreement:
Confirm the following 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.

Agreement:
Update of K_offset after initial access is supported

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.

Working assumption: 
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.



In this contribution, we will discuss some timing related aspects for NTN.
Discussion
Issue #1: Beam-specific K_offset in initial access
In RAN1#103-e, a cell specific K_offset configuration was agreed, while beam specific K_offset was left FFS [2]. 
	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.


Beam specific K_offset is beneficial for finer granularity.
Furthermore, 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.
	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 1: 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 #2: K_offset update after initial access
In RAN1#104-e, update of K_offset after initial access was agreed [1]. 
	Agreement:
Update of K_offset after initial access is supported


In RAN1#103-e, 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) [2].
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.


The network may or may not broadcast a common timing offset value () depends on where the downlink and uplink frame timing alignment point is.


  
(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.
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 
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)
Table 1: Relationship between TA and a common timing offset value.
	
	Downlink and uplink frame timing aligned at gNB
	Downlink and uplink frame timing aligned at satellite

	TA
	the service link RTD (tS) + the feeder link RTD (tF)
	the service link RTD (tS)

	A common timing offset value ()
	the feeder link RTD (tF)
	No needed


As shown in Figure 1 that for both cases, K_offset should be no less than TA, i.e.,
K_offset >= TA
More specifically, 
· 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 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, RAN1 needs to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access, e.g., UE may report its location or initial UE specific TA () via Msg A/Msg 3 in initial access procedure and report the delta value of changed TA between two reports via MAC CE after initial access procedure.

Proposal 2: RAN1 to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access.
· E.g., UE may report its location or initial UE specific TA () via Msg A/Msg 3 in initial access procedure and report the delta value of changed TA between two reports via MAC CE after initial access procedure.

Issue #3: Configuration of K_offset
In RAN1#104-e, Moderator suggested to postpone the discussion on explicit and/or implicit signaling of K_offset used in initial access until more design aspects of NTN become clearer [3].
	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 our view, explicit signaling of K_offset in system information should at least be supported.
Firstly, K_offset can NOT be derived from a common timing offset value ().
As shown in Table 1, for both cases of downlink and uplink frame timing aligned at gNB or at satellite, TA is much larger than a common timing offset value (), i.e.,
TA >> A common timing offset value ()
Note that K_offset should be no less than TA, i.e., K_offset >= TA, then in either case, K_offset and a common timing offset value () do not have the same magnitude, so they can NOT be derived from each other via implicit way.
Secondly, K_offset can NOT be derived from a start offset of RAR window (RAR_window_offset).
As discussed in RAN1#104-e, several observations were made as following [3]:
	· There is good consensus on this topic that UE specific RTT can be used to determine the start of PDCCH monitoring for RAR window, which can be equivalently achieved if the determination of the start of RAR window is based on DL timing.
· Network does not need to know UE specific RTT to determine the start of PDCCH monitoring for RAR window simply based on the DL timing.
· To help UE obtain UE specific RTT, feeder link RTT needs to be signaled to UE if the downlink and uplink frame timing are not aligned at gNB.




(a) Downlink and uplink frame timing aligned at gNB


(b) Downlink and uplink frame timing aligned at satellite
Figure 2: Start of RAR window.
As shown in Figure 2,
· 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.
Table 2: Relationship between TA and a start offset of RAR window (RAR_window_offset).
	
	Downlink and uplink frame timing aligned at gNB
	Downlink and uplink frame timing aligned at satellite

	TA
	the service link RTD (tS) + the feeder link RTD (tF)
	the service link RTD (tS)

	a start offset of RAR window
 (RAR_window_offset)
	No needed
	the feeder link RTD (tF)


Note that for both cases, K_offset should be no less than TA, i.e.,
K_offset >= TA
It can be observed that, in either case, K_offset and a start offset of RAR window (RAR_window_offset) do not have the same magnitude, so they can NOT be easily derived from each other via implicit way.
Based on the above observations, K_offset can NOT be derived either from a common timing offset value () nor from a start offset of RAR window (RAR_window_offset), thus explicit signaling of K_offset in system information should at least be supported.

Observation 1: K_offset can NOT be derived either from a common timing offset value () nor from a start offset of RAR window (RAR_window_offset).
Proposal 3: Explicit signaling of K_offset in system information should at least be supported.

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 4: 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.

Issue #4: MAC CE timing relationships
In RAN1#104-e, Moderator suggested for more inputs in this meeting on whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB [3].
	Moderator recommendation on Issue #4:
Companies are encouraged to provide input to RAN1#104bis-e on whether to prioritize NTN designs that support systems where DL and UL are aligned at the gNB.


Firstly, if the DL and UL is aligned at the satellite, we have a concern on the impact the gNB implementation for both reception and scheduling, since the gNB will need to constantly adjust its transmitting time in DL as well as the UL.
Secondly, it is still unclear which solution may require more signaling overhead. For example,
· When DL and UL are aligned at the gNB, the specific signaling includes common TA.
· When DL and UL are not aligned at the gNB, the specific signaling include: K_mac, RAR window offset indication, etc.
Hence, as a baseline, we prefer prioritizing the case where DL and UL aligned at gNB.

Proposal 5: DL and UL aligned at the gNB can be prioritized.

[bookmark: _Hlk67498920]Issue #5: Exceptional MAC CE timing relationships
In RAN1#104-e, Moderator suggested for more inputs in this meeting on the MAC CE timing of activation/deactivation of elements in configured CSI-AperiodicTriggerStateList and SRS resource set [3].
	Moderator recommendation on Issue #5:
[bookmark: _Hlk67498223]On the MAC CE timing of activation/deactivation of elements in configured CSI-AperiodicTriggerStateList and SRS resource set, interested companies are encouraged to provide input to RAN1#104bis-e.




Figure 3: “Ambiguity period” in MAC CE timing relationships.
As shown in Figure 3, when a gNB transmits PDSCH carrying MAC CE command at slot , it can confirm that the command is NOT activated before , and it can confirm whether the command is activated or not until , where, 


wherein, is PDSCH to HARQ feedback timing,  is a constant (e.g., ), .
A duration  can be called “ambiguity period” since in this period the gNB can NOT know where whether the MAC CE command is activated or not. Note that in NTN scenario,  may be very large. For example, RTD = 270ms for GEO case, , then .
This above issue can be handled by proper gNB implementation. E.g., the gNB may avoid scheduling PDSCH/PUSCH/RS associated with the parameters related to the MAC CE command in the “ambiguity period” . Nevertheless, the UE’s throughput may be degraded.
[bookmark: _Hlk67500904]Thus, potential enhancement to address the “ambiguity period” in MAC CE timing relationships can be further studied to improve UE’s performance.

Proposal 6: Potential enhancement to address the “ambiguity period” in MAC CE timing relationships can be further studied to improve UE’s performance.

[bookmark: _Hlk67501076]Issue #6: Timing relationship of TA command
In RAN1#104-e, a working assumption was made on timing relationship of TA command [1].
	Working assumption: 
[bookmark: _Hlk67501797]Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.



Section 4.2, TS 38.213:




For a timing advance command received on uplink slot  and for a transmission other than a PUSCH scheduled by a RAR UL grant as described in Subclause 8.3, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,…


The uplink slot  is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].

Based on the definition of uplink slot n in the current specs, introduce K_offset seems reasonable. Then it is suggested to confirm the working assumption on timing relationship of TA command made in the last RAN1 meeting.
Proposal 7: For timing relationship of TA command, confirm the following working assumption.
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

Issue #7: On K1/K2 range extension
In RAN1#104-e, extend the value range of K1 for unpaired spectrum was agreed, while whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI was left FFS [1]. 
	Agreement:
For unpaired spectrum, extend the value range of K1 from (0..15) to (0..31) 
[bookmark: _Hlk67511050][bookmark: _Hlk67510384][bookmark: _Hlk67510844]FFS: Whether there is an impact on the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.




Figure 4: DL dominated frame structure with >16 concatenated DL slots in ATG.
[bookmark: _Hlk67511119]As shown in Figure 4, 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. Thus, 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, extend the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI is beneficial to allow higher scheduling flexibility. Thus, we are supportive for further discussion on whether to extend the size of the PDSCH-to-HARQ_feedback timing indicator field in DCI.

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.

Issue #10: Start of RAR window
In RAN1#104-e, Moderator suggested for more inputs in this meeting on start of RAR window [3].
	Moderator recommendation on Issue #10:
On the start of RAR window, companies are encouraged to conduct more investigations and provide input to RAN1#104bis-e, taking into account the following observation:
· UE specific RTT can be used to determine the start of PDCCH monitoring for RAR window, which can be equivalently achieved if the determination of the start of RAR window is based on DL timing.


As discussed in section 2.3, it can be observed that,
· 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.

Observation 3: When downlink and uplink frame timing are aligned at gNB, indication of RAR_window_offset is not needed.
Observation 4: When downlink and uplink frame timing are not aligned at gNB, indication of RAR_window_offset is needed.

Issue #11: PDCCH ordered PRACH
In RAN1#104-e, Moderator suggested for more inputs in this meeting on PDCCH ordered PRACH [3].
	Moderator recommendation on Issue #11:
On PDCCH ordered PRACH timing relationship, interested companies are encouraged to provide input to RAN1#104bis-e, taking into account the fact that network may not know which PRACH occasion is selected by the UE according to UE’s “next available PRACH occasion” and thus would need to perform additional blind detection if enhancement is not introduced.


In our view, the gNB can have an estimate on when the RO starts to become valid for a UE, hence the number of blind detections may be limited. Furthermore, PDCCH ordered PRACH seems to be a low-frequency event.
Therefore, blind detection of PRACH occasion by the network might be acceptable.
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: K_offset can NOT be derived either from a common timing offset value () nor from a start offset of RAR window (RAR_window_offset).
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.
Observation 3: When downlink and uplink frame timing are aligned at gNB, indication of RAR_window_offset is not needed.
Observation 4: When downlink and uplink frame timing are not aligned at gNB, indication of RAR_window_offset is needed.

Proposal 1: 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 2: RAN1 to further study the details of UE reporting TA related information to facilitate network updating K_offset after initial access.
· E.g., UE may report its location or initial UE specific TA () via Msg A/Msg 3 in initial access procedure and report the delta value of changed TA between two reports via MAC CE after initial access procedure.
Proposal 3: Explicit signaling of K_offset in system information should at least be supported.
Proposal 4: 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 5: DL and UL aligned at the gNB can be prioritized.
Proposal 6: Potential enhancement to address the “ambiguity period” in MAC CE timing relationships can be further studied to improve UE’s performance.
Proposal 7: For timing relationship of TA command, confirm the following working assumption.
· Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
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