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Introduction
In RAN1#104b-e, the following agreements were achieved. 
	Agreement in RAN1#104b-e
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

Agreement in RAN1#104b-e
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

Agreement in RAN1#104b-e
The draft NTN TP (38.821) is endorsed (R1-2103936) – to be included to the RAN3 LS
Check the LS on 4/16  draft LS is approved. Final LS in R1-2104024.

Agreements in RAN2#113b-e
· At least for uplink scheduling adaptations, the UE may report information about the UE specific TA pre-compensation. The exact information and frequency of reports depend on RAN1 outcome. FFS on when/how to report.
· The UE reports the UE specific TA pre-compensation during RACH procedure using MAC CE (FFS if this needs to be configured). Actual content is FFS and also depends on further RAN1 input.



Based on the FFS in the above agreements, the following discussions were needed.
· K_offset update is based on RRC reconfiguration or MAC CE comment
· Initial K_offset in system information comprises one or more than one value. 
Based on the feature lead summaries R1-2104099 and R1-2104076, the following discussion were encouraged.
· Enhancement on PDCCH ordered PRACH
· Support of TA Reporting

Discussion
K_offset update
The intention to update K_offset in RRC_CONNECTED is to reduce scheduling delay due to lack of UE-gNB RTT during initial access. Hence, if a UE reports UE-specific TA, then updating K_offset is feasible and beneficial. The remaining issue is whether K_offset update is via RRC reconfiguration or MAC CE. 
One common concern is signaling overhead regarding how often K_offset shall be updated according to propagation delay change in time. In this case, assume the max RTT variation of 93 us/sec endorsed in R1-2103936, to catch the max variation, K_offset only needs to update 1 slot (1ms for SCS = 15 KHz) per 10.75 seconds. If simply considering signaling overhead, both options might be feasible.
[bookmark: _Toc71202122]To ensure K_offset always greater than UE-gNB RTT, updating K_offset every 10.75 seconds is needed for LEO-600km with SCS = 15 KHz.
However, RRC reconfiguration is used to modify an RRC connection, e.g., to establish/modify/release RBs/BH RLC channels, measurements, SCells and cell groups, or conditional handover/PSCell change configuration. It usually includes many parameters carried in an RRCReconfiguration message.
In this release, if a UE cannot comply with (part of) the configuration included in the RRCReconfiguration message, then the UE continues using the configuration used before the RRCReconfiguration message. In other words, if the UE is unable to comply with part of the configuration, it does not apply any part of the configuration, i.e., there is no partial success or failure. See TS 38.331 clause 5.3.5.8.2.
	3GPP TS 38.331 V16.4.1 (2021-03), clause 5.3.5.8.2
The UE shall:
1> if the UE is in (NG)EN-DC:
2> if the UE is unable to comply with (part of) the configuration included in the RRCReconfiguration message received over SRB3;
3> if the RRCReconfiguration message was received as part of ConditionalReconfiguration:
4> continue using the configuration used prior to when the inability to comply with the RRCReconfiguration message was detected;
3> else:
4> continue using the configuration used prior to the reception of RRCReconfiguration message;


[bookmark: _Toc71202123]If part of RRCReconfigration cannot be applied, UE does not apply any part of the configuration.
If K_offset update is coped with RRC reconfiguration, then it is possible that K_offset cannot be applied due to a partial failure of the received configuration. Regarding this, using MAC CE might be simple.
[bookmark: _Toc71202126]Support MAC CE for updating K_offset after initial access to prevent UE from being unable to comply with part of the configuration included in the RRCReconfigration message.

K_offset value determination
The intention to decouple K_offset into multiple values is to further reduce signaling overhead in SI. Regarding K_offset shall be greater than UE-specific TA used for Msg3/MsgB transmission. If UE-specific TA includes the feeder link RTT and NW must broadcast it, then signaling overhead on the feeder link RTT might be reduced by reusing it. 
However, adding association between TA and scheduling offset would put some restrictions on scheduling flexibility. As agreed in RAN2, how to ensure sufficient time on the UE side for the Msg3 transmission shall be up to NW. Setting unnecessary restrictions shall be avoided.
	Agreement in RAN2#112-e
[bookmark: _Hlk70511530]From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to gNB implementation to ensure sufficient time on UE side for the Msg3 transmission.


[bookmark: _Toc71202124]RAN2 has agreed that it is up to NW to ensure sufficient time for the Msg3 transmission.
[bookmark: _Toc71202127]Support signal one offset value for K_offset for determination of cell-specific K_offset in system information to prevent unnecessary scheduling restriction.

PDCCH ordered PRACH
[bookmark: _Hlk70511031]As a recommendation from the moderator in R1-2104099, the following discussions were encouraged.
Moderator recommendation on Issue #10: On whether to introduce Koffset in PDCCH ordered PRACH, proponents are encouraged to have offline discussions with other companies.
In this release, PDCCH order is used to trigger a PRACH transmission for the following events: 
· data arrival during RRC_CONNECTED when UL synchronization status is non-synchronized
· to establish time alignment for a secondary TAG
PDCCH order supports both contention-based random access (CBRA) and contention-free random access (CFRA). 
· For CFRA, the configured PRACH occasion, RA preamble, and SSB index are indicated via a DCI format 1_0. 
· For CBRA, DCI format 1_0 is used to indicate the "Random Access Preamble index" filed with all zeros, and the UE may randomly select a RO, a RA preamble for a PRACH transmission.
[bookmark: _Toc71202125]PDCCH ordered PRACH is used when UL synchronization status is non-synchronized, and it supports contention-based random access (CBRA) and contention-free random access (CFRA).
The remaining issue is whether NW and UE would have a common understanding of the selected PRACH occasion if the impact TA is not considered in PRACH occasion selection and a valid UE-specific TA report from UE is provided.
The valid UE-specific TA report can last around 10 seconds, regarding the max RTT variation of 93 us/sec for LEO at the orbit of 600km. Therefore, if UE reuses the valid TA for a PDCCH ordered PRACH, and if NW knows the previous UE-specific TA report remains valid, then NW and UE would share the same understanding of the selected PRACH occasion. However, it is unclear how to define the valid time for UE-specific TA and TA report.
[bookmark: _Toc71202128]To ensure NW and UE have a common understanding of the selected PRACH occasion triggered by a PDCCH order, how to define a valid UE-specific TA and a valid TA report shall be considered.
Similar proposals have been raised in R1-2104076, we quote Initial proposal 7 below.
A validity timer configured for UE-specific TA defines the maximum time during which the UE can track the RTD on the service link without having acquired new ephemeris data to be used for UE-specific TA estimation.
· This timer is restarted each time the UE receives new ephemeris data
· The UE assumes that it has lost uplink synchronization if this timer expires, and new ephemeris data is not available.
However, some companies have concerns about spec impacts and believe that reusing the TA timer is enough.
[bookmark: _Toc71202129]To minimize RAN1 and RAN2 spec impacts, reusing the existing TA timer to determine whether UE-specific TA or TA reporting is valid shall be considered.
If the existing TA timer is used to determine whether UE-specific TA and TA reporting are valid, then when the TA timer expires, UE and NW shall not reuse the previous TA to select PRACH occasion and to transmit a PRACH. This may prevent another error case when a UE fails to maintain UE-specific TA on the service link, but still needs to wait for another 10 seconds to re-calculate a new UE-specific TA, even NW has sent a PDCCH order.
[bookmark: _Toc71202130]Do not support any new validity timer for UE-specific TA, considering UE may not update UE-specific TA for a PRACH transmission triggered by a PDCCH due to the timer restriction.
To minimize spec impacts, NW may not have valid UE-specific TA when a UE is non-synchronized. In this case, NW and UE cannot have a common understanding of the selected PRACH occasion, additional blind detection is needed. To prevent additional blind detection at the NW side, introducing an offset would be a simple alternative.
[bookmark: _Toc71202131]To reduce blind detection at the gNB side, introducing an offset between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission shall be considered.

TA reporting
As a recommendation from the moderator in R1-2104076, the following discussions were encouraged.
FL recommendation 8: Handle TA Reporting proposals under A.I. 8.4.1 or A.I. 8.4.2 once sufficient progress has been made in A.I. 8.4.1.
The intention to support TA reporting is for uplink scheduling adaptation. The related agreement has been achieved in RAN1#104-e, where the uplink scheduling adaptation literately means K_offset update after initial access in RAN1. 
	Agreement in RAN1#104-e:
Update of K_offset after initial access is supported.


Note that TA reporting may not be essential to support K_offset update. NW may simply update K_offset based on the maximum RTT given a cell location. However, this may increase system latency and NW would lose UE-gNB RTT.
[bookmark: _Toc71202132]Support UE-specific TA reporting for an update of K_offset after initial access.
If UE-specific TA reporting is supported in RAN1, then according to R2-2104376 LS on TA pre-compensation, the exact content and frequency of UE reporting of information shall be addressed.
	R2-2104376 LS on TA pre-compensation
To RAN1 group: 
ACTION:   
1) RAN2 respectfully requests RAN1 to prioritize the TA pre-compensation work on: (i) whether and/or what parameters to broadcast for TA pre-compensation, and (ii) when broadcasted, how often the broadcasted parameters are expected to change over time. 	
2) RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
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.


If TA reporting is only used for a K_offset update, then granularity of 1 slot is enough. Based on the max RTT variation of 93 us/sec for LEO at the orbit of 600km, the min requirement of TA reporting for the worst case is in Table 1. 
[bookmark: _Ref70516397]Table 1: the minimum requirement of UE-specific TA reporting with 93 us/sec of RTT variation 
	Subcarrier spacing
	Slot length
	Min periodicity of UE reporting

	15kHz 
	1ms
	10.75s

	30kHz 
	0.5ms
	5.76s

	60kHz
	0.25ms
	2.69s

	120kHz
	0.125ms
	1.34s


For the worst-case as SCS of 120kHz, UE is expected to report UE-specific TA every 1.34 seconds, which is acceptable especially considering an intra-satellite handover may happen every 6 seconds for the earth-moving-cell case. To fit this need, further signaling reduction may not be needed, e.g., report UE location or a UE-specific TA drift rate. It would be sufficient for a UE to simply report a UE-calculated TA value in a slot number.
[bookmark: _Toc71202133]UE-specific TA reporting shall include a UE-calculated TA value used for the latest UL transmission in a unit of slot numbers. 
[bookmark: _Toc71202134]Reporting UE location is non-essential for UL scheduling adaptation considering the frequency of UE reporting and user privacy.
[bookmark: _Toc71202135]Reporting UE-specific TA drift rate is non-essential for UL scheduling adaptation considering the frequency of UE reporting
To align with K_offset update, TA reporting using a MAC CE shall be considered, e.g., a UE reports the UE-specific TA at the RACH procedure (MSG3 or MSG5) using a MAC CE. 
[bookmark: _Toc71202136]The UE reports the UE-specific TA pre-compensation using a MAC CE.
If TA reporting is sent by RRC, e.g., the UE sets the UE-specific TA within the MeasurementReport message, then additional spec efforts would be needed to determine how to trigger this measurement report.  
[bookmark: _Toc71202137]To minimize spec impacts, TA reporting using a MAC CE after initial access shall be considered.

Conclusion
In this contribution, we have the following observations
Observation 1	To ensure K_offset always greater than UE-gNB RTT, updating K_offset every 10.75 seconds is needed for LEO-600km with SCS = 15 KHz.
Observation 2	If part of RRCReconfigration cannot be applied, UE does not apply any part of the configuration.
Observation 3	RAN2 has agreed that it is up to NW to ensure sufficient time for the Msg3 transmission.
Observation 4	PDCCH ordered PRACH is used when UL synchronization status is non-synchronized, and it supports contention-based random access (CBRA) and contention-free random access (CFRA).

Based on observations, the following proposals are made
Proposal 1	Support MAC CE for updating K_offset after initial access to prevent UE from being unable to comply with part of the configuration included in the RRCReconfigration message.
Proposal 2	Support signal one offset value for K_offset for determination of cell-specific K_offset in system information to prevent unnecessary scheduling restriction.
Proposal 3	To ensure NW and UE have a common understanding of the selected PRACH occasion triggered by a PDCCH order, how to define a valid UE-specific TA and a valid TA report shall be considered.
Proposal 4	To minimize RAN1 and RAN2 spec impacts, reusing the existing TA timer to determine whether UE-specific TA or TA reporting is valid shall be considered.
Proposal 5	Do not support any new validity timer for UE-specific TA, considering UE may not update UE-specific TA for a PRACH transmission triggered by a PDCCH due to the timer restriction.
Proposal 6	To reduce blind detection at the gNB side, introducing an offset between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission shall be considered.
Proposal 7	Support UE-specific TA reporting for an update of K_offset after initial access.
Proposal 8	UE-specific TA reporting shall include a UE-calculated TA value used for the latest UL transmission in a unit of slot numbers.
Proposal 9	Reporting UE location is non-essential for UL scheduling adaptation considering the frequency of UE reporting and user privacy.
Proposal 10	Reporting UE-specific TA drift rate is non-essential for UL scheduling adaptation considering the frequency of UE reporting
Proposal 11	The UE reports the UE-specific TA pre-compensation using a MAC CE.
Proposal 12	To minimize spec impacts, TA reporting using a MAC CE after initial access shall be considered.
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[bookmark: _Ref64735058][bookmark: _Ref64993489]Appendix I
R1-2103936 provides text proposal on round trip delay drift rate for NTN scenarios for TR38.821.
Table 7.1-1: NTN scenarios versus delay constraints
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms

	Maximum Round Trip Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 93.0  40 µs/sec (Worst case)
	Up to +/- 47.6 20 µs/sec

	NOTE 1:	The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design, and radio resource management strategy in a given system.
NOTE 2:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time. The worst case is when the satellite moves towards/away from the UE at 10⁰ elevation angle, assuming the UE speed is 1200 km/h. It is expressed in µs/s and is negligible for GEO scenario.
NOTE 3:	Void
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.



