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Introduction
In RAN1#103-e, the following agreements, working assumptions, and conclusions were achieved. 
	Agreement in RAN1#103-e:
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 a recommendation from the moderator in R1-2009733, the following discussions were encouraged.
· 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.
· Moderator recommendation on Issue #2 – Exceptional MAC CE timing relationships where the general discussion is not applicable may be discussed case by case based on company input.
· Moderator recommendation on Issue #4 – CG Type 1: On Configured Grant Type 1 timing relationship, interested companies are encouraged to provide input to RAN1#104-e.
· 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:
· Moderator recommendation on Issue #7: On PDCCH ordered PRACH timing relationship, interested companies are encouraged to provide input to RAN1#104-e.
In this contribution, we will provide further discussion on 
· Beam specific K_offset in initial access
· Maintain K_offset after initial access
· Timing relationships on exceptional MAC CEs
· Timing relationship on Configured Grant Type 1 
· Start of Msg2/MsgB RAR window
· Timing relationship on a PDCCH ordered PRACH
Discussion
Beam specific K_offset in initial access
Using multiple satellite beams per cell has been supported in RAN1#102-e.
	Agreement in RAN1#102-e
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs


However, as shown in the agreement, the association of SSBs, beams and BWPs is FFS. 
In RAN1#103-e, R1-2009736 summaries companies view, as we quote as follows. 
There is consensus on associations of SSBs, beams, and BWPs with Option-1 and Option-2 that can already be supported within Rel-15/16 framework:
· Option-1: same beam layout for BWP0 and BWPx in single-beam cell. ZTE proposed to revise text for Option 1 and not include “in single beam cell”. 
· Option-2: hierarchical beam layout in multiple-beam cell, where wider beam is associated with cell-specific initial BWP0 and narrow beams are associated with beam-specific BWPx, with x≠0.
Several companies mentioned there is no need for agreement on Option-1 and Option-2 since they can already be supported in the NR specifications.
For initial access, there would be only an initial BWP. If Option-1 and Option-2 are considered and if a frequency reuse factor of 2 or 3 is applied, the beam layout can be simplified and illustrated as Figure 1.
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[bookmark: _Ref60843995]Figure 1: beam layouts in initial access for cell size = 1000km with frequency reuse factor = 2 or 3
Note that in the case of frequency reuse of 2 or 3, the maximum number of DL beams per cell is limited to 3 because the current specs in Rel-16 only support up to 4 DL BWPs. Also, for frequency reuse factor = 1, the max SSB beam supported by Rel-16 NR is up to 4 only.   
Based on this example, using beam specific K_offset may have the potential gain given below:
· Option-1: regarding LEO-based NW in the 600km orbit and setting K_offset as the max RTT in a cell, the potential scheduling gain is up to 2 ms based on the improvement on the max differential delay in a cell.
· max differential delay within a 350km cell = 1 ms (check this toy example in appendix)
· max differential delay within an 1000km cell = 3 ms
· Option-2: no gain since only one beam exists during initial access
Based on our example, the potential gain to introduce beam specific K_offset could be less than 2ms.
[bookmark: _Toc61355616]Beam specific K_offset has a potential scheduling gain of 2ms in initial access when there are 4 DL beams within a 1000km-size cell, where 4 DL beams are associated with 4 DL BWPs. 
However, it is unclear how to configure multiple K_offset values in the initial BWP, and it is unclear how a UE can determine the correct one from the configured values, which may need additional NW assistant information or a need of introducing a new association between SSB and scheduling offsets. Finally, introducing beam specific K_offset may only benefit Msg3 scheduling. In RRC_CONNECTED, UE may update K_offset via other means.  
Based on the limited gain and potential signaling overhead for NW assistant information, we then propose that.
[bookmark: _Toc61355609]Support of beam specific K_offset in initial access in Rel-17 should be justified with reasonable gain. 

Maintain K_offset after initial access
The intention to update K_offset is to adapt RTT change on feeder and service links. 
During initial access, due to lack of timing information, e.g., initial timing advance for PRACH transmission, NW shall apply the worst-case scenario, the max RTT in a cell-based on NTN payload types, to guarantee proper Msg3 scheduling, where K_offset is needed to cope with scheduling offset from a RAR UL grant.  
After initial access, NW shall know UE-specific RTT between a gNB and a UE. In this case, using the max RTT in a cell to schedule UL transmission is not necessary. A possible enhancement is to introduce UE-specific K_offset to cope with scheduling offset as K1 and K2 in current specs.
For earth-moving beam deployment, it is possible to implement K_offset without any update, regarding the total service time in a cell is within a few seconds for LEO-600km. However, this enhancement would be meaningful for earth-fixed beam deployment, since the service time in a cell could be a few minutes.
[bookmark: _Toc61355617]In RRC_CONENCTED, K_offset update is an enhancement on scheduling efficiency, which is beneficial especially for the earth-fixed beam scenario.
To minimize spec impact, companies were discussed not to extend the existing scheduling values of K1 and K2. As a result, if NW only provides a single cell-specific K_offset, it would limit certain scheduling flexibility. Since the goal is to provide enhancement, we may expect more gain and benefit by introducing UE-specific K_offset.
[bookmark: _Toc61355610]If K_offset update is supported, updating in a UE-specific manner provides more scheduling gain. 
The signaling mechanism shall consider reliability and timeliness. We expect K_offset may not be updated very often since NW can still use K1 and K2 to fine-tune UL grants. Also, regarding HARQ-ACK might be disabled, the reliability of using MAC CE commands and DCI formats may need some concerns. Based on these reasons, we propose that.
[bookmark: _Toc61355611]If K_offset update is supported, it is signaled to the UE via RRC in a semi-static manner.

Timing relationships on exceptional MAC CEs
As pointed out by companies, for TA Command, DRX Command, and Long DRX Command MAC CEs, the action time is based on a PDSCH. From the RAN1 perspective, at least for Timing Advance Command MAC CE, we may provide some enhancements.
The limit due to the action latency is determined by , where 
· 
 is a time duration in ms of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured,
·  is a time duration in ms of  symbols corresponding to a PUSCH preparation time for UE processing capability 1,
·  is the maximum timing advance value in ms that can be provided by a TA command field of 12 bits,
·  is the number of slots per subframe,
· 0.5 is the MAC processing latency in ms,
·  is the subframe duration of 1 ms, and
·  and  are determined to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers.
The term of  has a value of 2 ms if UL SCS = 15 kHz, which may not cover requirements in NTN, e.g., the max TA value may require 25.77 ms for LEO. 
For example, for a timing advance command received on uplink slot n, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot n + k + K_TAC + 1, where K_TAC may be the same or different values as K_offset.
[bookmark: _Toc61355612]For a timing advance command received on uplink slot n, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot n + k + K_TAC + 1, where K_TAC may be the same or different values as K_offset.

Timing relationship on Configured Grant Type 1
As pointed out by companies, how to support CG PUSCH transmission with K_offset is still unclear.
In NR, the configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of a UL grant in a DCI. Without associated with K_offset, the start time of the first UL transmission is not clear.
[bookmark: _Toc61355613]For Type 1 PUSCH transmission, a new scheduling offset or clarification is needed for adapting to the long propagation delay. 

Start of Msg2/MsgB RAR window
As agreed by companies, an offset-based solution would be applied for the start of Msg2/MsgB RAR window. The remaining issue is how to capture this solution in the current specs. Since this is only related to wording, we are neutral to any implementation manner. One example based on the DL frame is given below.
[bookmark: _Toc61355614]In response to a PRACH transmission and/or MSGA transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by NW. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the DL symbol corresponding to the last UL symbol (with the same slot number for DL and UL)

Timing relationship on a PDCCH order PRACH
As pointed out by companies, timing relationship enhancement on a PDCCH order is missing.
In Rel-16 NR, 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. 
[image: ]
Figure 8: PDCCH order and RA initiation
If the RA procedure is initiated by a PDCCH order, a processing time for preparing a PRACH transmission is specified in Rel-16 NR given below. 
	3GPP TS 38.213 V16.3.0
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec.


However, the processing time may be insufficient for NTN, regarding interaction with an internal GNSS receiver and the initial TA derivation. To handle this, new parameters, according to initial TA and reference time stamps, may be needed to prolong the processing time for UE.
[bookmark: _Toc61355615]For a PDCCH order, introduce new parameters to prolong the processing time for UE.

Conclusion
In this contribution, we have the following observations
Observation 1	Beam specific K_offset has a potential scheduling gain of 2ms in initial access when there are 4 DL beams within a 1000km-size cell, where 4 DL beams are associated with 4 DL BWPs.
Observation 2	In RRC_CONENCTED, K_offset update is an enhancement on scheduling efficiency, which is beneficial especially for the earth-fixed beam scenario.

Based on observations, the following proposals are made
Proposal 1	Support of beam specific K_offset in initial access in Rel-17 should be justified with reasonable gain.
Proposal 2	If K_offset update is supported, updating in a UE-specific manner provides more scheduling gain.
Proposal 3	If K_offset update is supported, it is signaled to the UE via RRC in a semi-static manner.
Proposal 4	For a timing advance command received on uplink slot n, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot n + k + K_TAC + 1, where K_TAC may be the same or different values as K_offset.
Proposal 5	For Type 1 PUSCH transmission, a new scheduling offset or clarification is needed for adapting to the long propagation delay.
Proposal 6	In response to a PRACH transmission and/or MSGA transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by NW. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the DL symbol corresponding to the last UL symbol (with the same slot number for DL and UL)
Proposal 7	For a PDCCH order, introduce new parameters to prolong the processing time for UE.
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Appendix
According to 3GPP TR 38.821 V16.0.0 (2019-12), the maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE is 25.77 ms for LEO-600km. 
Assume the speed of light used for delay calculation is 299792458 m/s and the max cell size is 1000 km. We may visualize this NW shown in Figure 2, and the max differential RTT is around 3ms.
Now consider a beam size of 350km, we may get another example of Figure 3. The max different RTT is around 2ms.
Based on these max differential RTT values, we derive the potential scheduling gain as 2ms.
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[bookmark: _Ref60925104]Figure 2: example of max RTT for LEO-600km NW for a 1000km beam
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[bookmark: _Ref60925382]Figure 3: example of max RTT for LEO-600km NW for a 350km beam
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