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Introduction
In RAN1#106-e, the following agreements were made. 
	Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· [bookmark: OLE_LINK11]FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· [bookmark: OLE_LINK1]FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
The information of K_mac is carried in system information.

Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· [bookmark: OLE_LINK5]Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.



Based on the FFS in the above agreements, the following discussions were needed.
· [bookmark: OLE_LINK13]UE-specific K_offset via RRC reconfiguration
· K_offset on PDCCH-ordered RACH 
· Unit of K_offset
· Value range of K_offset
Based on the feature lead summary R1-2108555, the following discussions were encouraged.
· Issue #5: MAC CE timing relationships (K_mac related)
· [bookmark: OLE_LINK18]Issue #14: UE reporting of information about the UE specific TA pre-compensation
On top of that, we would like to discuss N_TA for the RAR windows and the RA-CR timer.
· N_TA for delaying the start of RAR window/MSGB response window
· N_TA for delaying the start of ra-ContentionResolutionTimer

Discussion
N_TA for delaying the start of RAR window/MSGB response window
According to the Agreement made in RAN1#106-e, a UE shall use  for delaying the start of the RAR window and MSGB response window.
	Agreement in RAN1#106-e
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .


However, for a UE in RRC_CONNECTED with the TA timer still running, the accumulated  may be a negative value, i.e., . In this case, if the UE delays the start of the RAR window/MSGB response window using , the UE will start the window too late. Please see Figure 1.
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[bookmark: _Ref83904824]Figure 1: If a TAT is running (in-sync) and accumulated N_TA < 0, the delay of the start of RAR window (estimated UE-gNB RTT) may be greater than actual UE-gNB RTT if UE assumes N_TA = 0.
In Figure 1, for accumulated N_TA < 0, the UE transmits the PRACH using N_TA = 0 (based on the current Agreement) and delays the start of the RAR window using N_TA = 0. The UE shall start the RAR window UE-gNB RTT after the PRACH transmission, but the UE starts the RAR window after the correct timing due to using N_TA = 0 for delaying the start of the RAR window, which increases the risk of missing PDCCH with CRC scrambled by RA-RNTI.
For  and the TA timer is running, if the UE delays the start of the RAR window/MSGB response window using , the UE will start the RAR window/MSGB response window too early. See Figure 2.
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[bookmark: _Ref83905504]Figure 2: If a TAT is running (in-sync) and accumulated N_TA > 0, the delay of the start of the RAR window (estimated UE-gNB RTT) may be shorter than actual UE-gNB RTT if UE assumes N_TA = 0.
In Figure 2, for a positive accumulated N_TA, the UE transmits the PRACH using N_TA = 0 (based on the current Agreement) and delays the start of the RAR window using N_TA = 0. The UE shall start the RAR window UE-gNB RTT after the PRACH transmission, but the UE starts the RAR window before the correct timing due to using N_TA = 0 for delaying the start of the RAR window, which increases the risk of missing PDCCH with CRC scrambled by RA-RNTI.
[bookmark: _Toc83913454][bookmark: _Toc83915523]For a UE in RRC_CONNECTED with its TA timer still running, using N_TA = 0 for delaying the start of the RAR window/MSGB response window may make the UE start RAR windows/ MSGB response windows at the wrong timing, which increases the risk of not detecting the DCI within RAR windows/MSGB response windows.
[bookmark: _Toc83913461][bookmark: _Toc83915525]RAN1 shall study N_TA values for delaying the start of the RAR window/MSGB response window if the TA timer is still running in RRC_CONNECTED.
[bookmark: _Toc83912155][bookmark: _Toc83912156]
N_TA for delaying the start of ra-ContentionResolutionTimer
Another concern is that Rel-16 UE may ignore a received TAC in a RAR/MSGB for CBRA if the TA timer (TAT) is running. The intention is to prevent UE from maintaining more than one TAT associated with a TAG. See TS 38.321 below. 
	3GPP TS 38.321 V16.5.0
1> when a Timing Advance Command is received in a Random Access Response message for a Serving Cell
belonging to a TAG or in a MSGB for an SpCell:
2> if the Random Access Preamble was not selected by the MAC entity among the contention-based Random
Access Preamble:
3> apply the Timing Advance Command for this TAG;
3> start or restart the timeAlignmentTimer associated with this TAG.
2> else if the timeAlignmentTimer associated with this TAG is not running:
3> apply the Timing Advance Command for this TAG;
3> start the timeAlignmentTimer associated with this TAG;
3> when the Contention Resolution is considered not successful as described in clause 5.1.5; or
3> when the Contention Resolution is considered successful for SI request as described in clause 5.1.5, after
transmitting HARQ feedback for MAC PDU including UE Contention Resolution Identity MAC CE:
4> stop timeAlignmentTimer associated with this TAG.
2> else:
3> ignore the received Timing Advance Command


Note that in this corner case (CBRA with a running TAT), PRACH transmission or MSGA transmission on PUSCH shall use N_TA = 0, specified in TS 38.211 and TS 38.133. See below.
	3GPP TS 38.211 V16.6.0
Uplink frame number i for transmission from the UE shall start T_TA = (N_TA + N_(TA, offset))T_c before the start of the corresponding downlink frame at the UE where N_(TA, offset) is given by [5, TS 38.213], except for msgA transmission on PUSCH where N_TA = 0 shall be used.
3GPP TS 38.211 V16.6.0
The starting position t^(RA)_start of the PRACH preamble in a subframe […], where a timing advance value N_TA = 0 shall be assumed.
3GPP TS 38.133 V16.7.0
The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. N_TA for PRACH is defined as 0.


This corner case (CBRA with a running TAT) leads to ambiguity for UE’s TA for sending MSG3, that is, whether UE shall assume N_TA = 0, if UE ignores the received TAC in MSG2.
[bookmark: _Toc83913462][bookmark: _Toc83915526]For CBRA with a running TAT (In-Sync) and if UE ignores the received TAC in MSG2, N_TA for MSG3 transmission shall be FFS.
Another ambiguity is whether N_TA = 0 for the start of ra-ContentionResolutionTimer if TAT is running for CBRA and if UE ignores the received TAC in MSG2. See below for the related agreement.
	Agreements in RAN2#115-e
In the MAC specification section 5.1.5, delay the start of ra-ContentionResolutionTimer by the UE-gNB RTT (i.e. sum of UE's TA and K_mac)


[bookmark: _Toc83913463][bookmark: _Toc83915527]For CBRA with a running TAT (In-Sync) and if UE ignores the received TAC in MSG2, N_TA for the start of MSG4 reception, i.e., ra-ContentionResolutionTimer, shall be FFS.
[bookmark: _Toc83913464][bookmark: _Toc83915528]If a UE resets its N_TA according to the TAC in the received RAR, N_TA for the start of MSG4 reception, i.e., ra-ContentionResolutionTimer, shall be FFS.

[bookmark: _Hlk81471801]UE-specific K_offset via RRC reconfiguration
The intention to introduce UE-specific K_offset via RRC reconfiguration is to accommodate the variation of UE-gNB RTT. However, it has been agreed that the UE-specific K_offset can be provided and updated by the network with MAC CE. It seems less reasonable to further support this RRC-based solution for the same purpose.
[bookmark: _Toc83915529]UE-specific K_offset via RRC reconfiguration may not be needed.
If introduced, one possible enhancement is that the MAC CE only provides a differential value of K_offset, and RRC reconfiguration provides an absolute value of K_offset. This may reduce some signaling overhead. 
[bookmark: _Toc83915530]If UE-specific K_offset via RRC is supported, one potential enhancement on signaling overhead is that MAC CE may only provide a differential value of K_offset, and RRC reconfiguration provides an absolute value of K_offset.

K_offset on PDCCH-ordered RACH
The intention to discuss K_offset on PDCCH-order RACH is to address a concern that whether UE-specific K_offset is still valid when a gNB initiates a PDCCH-ordered RACH. 
The PDCCH-ordered RACH is useful when UL synchronization has been lost, e.g., the gNB did not receive any UL signal for a while, but DL synchronization is still alive (the gNB may not know this). If UE maintains DL synchronization, then UE-specific K_offset shall be up to date for the PDCCH-ordered RACH by receiving MAC CE. 
[bookmark: _Toc83915524]K_offset on PDCCH-ordered RACH can be UE-specific K_offset because if UE can receive a PDCCH order, then UE can receive MAC CE to maintain its UE-specific K_offset up to date.
[bookmark: _Toc83915531]K_offset on PDCCH-ordered RACH can be UE-specific or cell-specific. Both solutions seem feasible and there will not be a huge performance gap between them.

Unit of K_offset
The intention to discuss the unit of K_offset is due to a concern of a need to indicate different SCS values. This may happen if a UE is configured with multiple BWPs using different SCSs on the serving cell. A similar design shown in the agreement in RAN1#99 can be considered. See below.
	Agreements in RAN1#99:
· The frequency region for UL CI is derived by the following
· A RIV indication configured by RRC within value range of (0..37949) (i.e. the same way as IE “locationAndBandwidth” for BWP configuration ), the configuration is per serving cell specific
· the reference point is derived based on the RRC parameter offsetToCarrier (existing parameter, same way as BWP configuration)
· A reference SCS (no RRC configuration) for a serving cell (to handle the case where a UE is configured with multiple BWPs using different SCSs on the serving cell), 
· Use the SCS for the DL BWP carrying UL CI as the reference SCS


A reference SCS (no indication/configuration/signaling) for a serving cell can be specified, for example, the value of K_offset corresponds to the reference SCS of 30 kHz.
[bookmark: _Toc83915532][bookmark: OLE_LINK3]A reference SCS (no RRC configuration) for K_offset shall be supported to handle the case where a UE is configured with multiple BWPs using different SCSs on the serving cell. Note that a reference SCS may not be needed if the UE is not configured with multiple BWPs.

Value range of K_offset
The intention to introduce different value ranges of K_offset is to reduce signaling overhead. Similar discussion about enhancement based on identifying satellite types can be found in RAN1 and RAN2. However, a satellite-type indication is not supported in Rel-17 and most companies question whether it is essential. 
[bookmark: _Toc83915533]One value range of K_offset covering all scenarios if UE cannot know the serving NTN scenario, e.g., an indication of NTN scenario, e.g., GEO or LEO, of the serving cell is not supported in Rel-17. 

MAC CE timing relationships (K_mac related)
The remaining issue is whether the unit of K_mac is a number of slots for a given value or multiple values of SCS. Like the unit of K_offset, if a UE is configured with multiple BWPs using different SCSs on the serving cell, then a reference SCS (no RRC configuration) for K_mac shall be provided.
[bookmark: _Toc83915534]A reference SCS (no RRC configuration) for K_mac shall be supported to handle the case where a UE is configured with multiple BWPs using different SCSs on the serving cell. Note that a reference SCS may not be needed if the UE is not configured with multiple BWPs.
Another issue is whether to support an additional K_mac updating mechanism (besides the usual system information update procedure). This is for concern about the accuracy of UE-gNB RTT when K_mac is provided. If K_mac is provided, UE-gNB RTT is equal to the sum of UE’s TA and K_mac, which only provides a slot-level accuracy and may have issues to support DRX operations. Note that if K_mac is absent, UE-gNB RTT is equal to UE’s TA, and its accuracy can be within Te_NTN = Te + Te_GNSS + Te_SAT supposed to be smaller than the half of OFDM-CP.
[bookmark: OLE_LINK4]The main reason is that UE can autonomously adjust its common TA value, however, autonomous adjustment for K_mac is not allowed. Considering K_mac is used for two purposes when UL and DL timing is not aligned at a gNB: 1) postpone MAC CE action time and 2) provide UE-gNB RTT, support of autonomous adjustment of K_mac without any restriction seems risky to build a common understanding between UE and NW about when a MAC CE is activated. Therefore, we then propose to support autonomous adjustment of K_mac only for an estimate of UE-gNB RTT.
[bookmark: _Toc83915535]UE autonomous adjustment on K_mac shall be supported for an estimate of UE-gNB RTT. Note that for the MAC CE action time, the K_mac value shall be controlled by a gNB.

Conclusion
In this contribution, we have the following observations
Observation 1	For a UE in RRC_CONNECTED with its TA timer still running, using N_TA = 0 for delaying the start of the RAR window/MSGB response window may make the UE start RAR windows/ MSGB response windows at the wrong timing, which increases the risk of not detecting the DCI within RAR windows/MSGB response windows.
Observation 2	K_offset on PDCCH-ordered RACH can be UE-specific K_offset because if UE can receive a PDCCH order, then UE can receive MAC CE to maintain its UE-specific K_offset up to date.
Based on observations, the following proposals are made
Proposal 1	RAN1 shall study N_TA values for delaying the start of the RAR window/MSGB response window if the TA timer is still running in RRC_CONNECTED.
Proposal 2	For CBRA with a running TAT (In-Sync) and if UE ignores the received TAC in MSG2, N_TA for MSG3 transmission shall be FFS.
Proposal 3	For CBRA with a running TAT (In-Sync) and if UE ignores the received TAC in MSG2, N_TA for the start of MSG4 reception, i.e., ra-ContentionResolutionTimer, shall be FFS.
Proposal 4	If a UE resets its N_TA according to the TAC in the received RAR, N_TA for the start of MSG4 reception, i.e., ra-ContentionResolutionTimer, shall be FFS.
Proposal 5	UE-specific K_offset via RRC reconfiguration may not be needed.
Proposal 6	If UE-specific K_offset via RRC is supported, one potential enhancement on signaling overhead is that MAC CE may only provide a differential value of K_offset, and RRC reconfiguration provides an absolute value of K_offset.
Proposal 7	K_offset on PDCCH-ordered RACH can be UE-specific or cell-specific. Both solutions seem feasible and there will not be a huge performance gap between them.
Proposal 8	A reference SCS (no RRC configuration) for K_offset shall be supported to handle the case where a UE is configured with multiple BWPs using different SCSs on the serving cell. Note that a reference SCS may not be needed if the UE is not configured with multiple BWPs.
Proposal 9	One value range of K_offset covering all scenarios if UE cannot know the serving NTN scenario, e.g., an indication of NTN scenario, e.g., GEO or LEO, of the serving cell is not supported in Rel-17.
Proposal 10	A reference SCS (no RRC configuration) for K_mac shall be supported to handle the case where a UE is configured with multiple BWPs using different SCSs on the serving cell. Note that a reference SCS may not be needed if the UE is not configured with multiple BWPs.
Proposal 11	UE autonomous adjustment on K_mac shall be supported for an estimate of UE-gNB RTT. Note that for the MAC CE action time, the K_mac value shall be controlled by a gNB.
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