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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#103-e, agreements were reached on timing relationship enhancements for NTN [1]:
[bookmark: _Hlk56149827]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.
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.
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.

In this contribution, we discuss some signaling details of K_offset for initial access, update of K_offset after initial access and some other timing related aspects for NTN.
[bookmark: _Ref129681832]Discussion
K_offset in initial access
Implicit and/or explicit signaling of K_offset/K_mac
As agreed in [2], K_offset needs to be introduced to enhance the timing relationships involving DL-UL timing interactions and the value of K_offset is carried at least in system information for initial access. 
In RAN1#103-e, there were some further discussions on the time relationships that needs to be enhanced in NTN. However, it was suggested to defer the discussion on implicit and/or explicit signaling of K_offset since it was still not clear what other parameters potentially coupled with K_offset will be introduced. An implicit signaling of K_offset basically implies explicit signaling of other parameters and vice versa. Hence there is a need to discuss the dependency of different parameters that will be required to be carried in the system information so that duplicated signaling can be avoided. 
Due to the long propagation delay in NTN, so far the following timing related parameters have been agreed in RAN1 and RAN2: 
K_offset: In RAN1#102-e, it was agreed that K_offset needs to be introduced to enhance the timing relationships involving DL-UL timing interaction [2].
Common TA: In RAN1#103-e, it was agreed that the network broadcasts a common timing offset value, i.e., common TA [1]. The implication of common timing TA would need some further discussion. As explained in our companion paper, common TA can be equal to RTD between satellite and a RP (reference point).
K_mac: In RAN1#103-e, it was agreed that for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH, a scheduling offset K_mac is needed [1].
RAR window offset: In RAN2#111-e, it was agreed that an offset for the start of the ra-ResponseWindow will be introduced [4].
The relationship of the aforementioned parameters are illustrated below in Figure 1. It can be observed that there are some overlap among these parameters. In particular, the common TA represents the RTD between the RP and satellite, and K_offset represents the RTD between the RP and furthest point of cell coverage area. So common TA and K_offset are overlapped with each other. If both of them are signalled in the system information, there will be some unnecessary redundancy. Similar analysis can also applied to the RAR window offset and K_offset/K_mac. It should be noted that the RP can be located at service link or feeder link, and here taking RP at feeder link is just an example. 

[bookmark: _Ref59628582]Figure 1 Timing parameters relationship illustration
Observation 1: There will be some signalling redundancy if all the timing related parameters, i.e. RAR window offset, Common TA, K_offset, K_mac, are independently signaled.
Based on the analysis above, it is preferred that the relationships among different timing related parameters  can be exploited so that the duplicated signaling can be avoided.
· Comparison of different possible solutions 
Different signalling choices can be considered depending on which parameters are signalling explicitly and which ones are derived implicitly. Two possible solutions are provided as follows:
Solution 1:
We first provide some analysis on how the initial K_offset/K_mac can be derived based on some other parameters. As shown in Figure 2, in RACH procedure the UE uses an initial K_offset value when sending Msg3 and HARQ-ACK/NACK for Msg4. Since the UE has not accessed network yet, the initial K_offset can be determined based on the maximum RTD in one cell based on the following two parameters:
ra-ResponseWindow: Considering the differential RTD among different UEs, the window for receiving RAR needs to be extended in NTN [5].
RAR window offset (offset for the start of the ra-ResponseWindow): An offset for the start of ra-ResponseWindow will be defined and broadcasted to UE according to the minimum round trip delay in a cell as illustrated in Figure 3, including service link and feeder link propagation delay.
[image: ]
[bookmark: _Ref30599429]Figure 2 K_offset in RACH procedure

[bookmark: _Ref30618002]Figure 3 Illustration of an offset for the start of the ra-ResponseWindow
As shown in Figure 1, the sum of ra-ResponseWindow (RAR_window) and the offset for the start of the ra-ResponseWindow (RAR_window_offset) should be larger than the RTD between RP and UE. Therefore, the cell specific initial K_offset can be derived by 
K_offset =⌈ (RAR_window+ RAR_window_offset)/slot_duration ⌉
where ⌈·⌉ means rounded up, slot_duration is the slot length of the corresponding uplink or downlink transmission. RAR_window and RAR_window_offset are the duration of ra-ResponseWindow and the offset for the start of the ra-ResponseWindow in the unit of seconds, respectively. 
K_mac can be determined after the RACH procedure since the first time that UE uses K_mac is after UE has accessed to the system. UE can use its TA to determine the K_mac after initial access, where TA is the sum of UE-specific TA self-estimation (TA_cal) and common TA as shown in Figure 1. Therefore, K_mac can be obtained by
K_mac = ⌈ (RAR_window + RAR_window_offset - TA)/slot_duration ⌉,
In this solution, the UE has to report its TA to the network. The TA reported by the UE can also be used to update its cell-specific K_offset to UE-specific K_offset as discussed in section 2.2.
Solution 2:
As mentioned above, the network may also broadcast a common TA (TA_common) to UE for calculating its TA for UL transmissions. As shown in Figure 1, the common TA is always part of K_offset. Therefore, to save the signaling overhead, the network can broadcast another parameter △K to derive a feasible initial K_offset based on common TA. △K can be determined by maximum RTD between satellite and one cell coverage area (service_RTD_max), for example, △K = ⌈ Service_RTD_max/slot_duration ⌉. Therefore, the cell specific initial K_offset can be derived by
K_offset = ⌈ TA_common/slot_duration ⌉+△K,

Figure 4 Illustration of K_offset derived based on common TA
As shown in Figure 1, (RAR_window + RAR_window_offset) includes K_offset and K_mac. Therefore, K_mac can be derived by 
K_mac = ⌈ (RAR_window + RAR_window_offset)/slot_duration ⌉ - K_offset,
Comparing solution 1 with solution 2, solution 1 requires UE to report its TA, and solution 2 requires the network to broadcast an extra parameter △K. Overall, solution 1 is more appropriate when UE-specific updated K_offset is applied, and solution 2 can be used with and without K_offset updating. 
Observation 2: To save the signaling overhead, initial cell specific K_offset and initial K_mac can be derived from ra-ResponseWindow, an offset for the start of the ra-ResponseWindow and common TA.
Proposal 1: For cell-specific K_offset used in initial access, down-select from one of the following solutions:
· Solution 1: Derive K_offset from ra-ResponseWindow and RAR window offset
· Solution 2: Derive K_offset from common TA and an extra parameter △K
K_mac can be decided later once the down-selection is done for K_offset. 
0. Beam specific K_offset in initial access
As mentioned above, in RAN1#103-e it was agreed that at least a cell specific K_offset is supported [1]. Beam specific K_offset configured in system information and used in initial access needs further study. In the following we compare cell specific K_offset with beam-specific K_offset, and discuss whether/how to configure the beam specific initial K_offset. 
The cell specific K_offset will be larger than the beam specific K_offset in any beam. Thus, using the cell specific K_offset may be conservative especially for beams that are near to the satellite. This leads to a larger scheduling latency during the RACH stage for UEs in the beams near to the satellite. 
First of all, even if beam specific K_offset in initial access is supported, beam specific system information, i.e. different SIB content across different SSBs, should be avoided since this deviates from the basic NR SIB delivery principles. To support beam specific initial K_offset for initial access, multiple K_offset for different beams should be carried in the same system information, which obviously incurs more signalling overhead.  Overall, the beam-specific K_offset targets to further optimize K_offset at the cost of additional signalling overhead.
To resolve the signalling overhead issue in system information, the beam specific initial K_offset can be carried by Msg2. In addition, the relationship among common TA, △K and K_offset as analysed in Solution 2 can be utilized here. Specifically, the gNB signals △K to UE through Msg2. Then, the UE can derive the beam specific initial K_offset by
K_offset = ⌈ TA_common/slot_duration ⌉+△K,
where △K can be determined by maximum RTD between satellite and the beam coverage area (Beam_RTD_max), in which the UE locates. For instance, △K = ⌈ Beam_RTD_max/slot_duration ⌉, which is different from the △K determination method for cell specific initial K_offset.
Proposal 2: If beam specific K_offset in initial access is supported, derive the beam specific initial K_offset from common TA and a differential value carried by Msg2. 

Update of K_offset after initial access
Update to beam-specific K_offset
One satellite can have tens or hundreds of beams. For LEO with moving beams, UE moves from one beam to another frequently. Thus, it is beneficial to group some or all the beams in one cell as shown in Figure 5. One can rely on beam switching instead of cell handover when UE moves from one beam to another. As a result, the cell could have a large area. Meanwhile, if the UE is only configured with a cell-specific initial K_offset parameter, the K_offset is not smaller than the largest RTD in one cell. In this situation the cell-specific initial K_offset is usually a conservative one for UEs in one cell. Furthermore, if all UEs in one cell still use the cell specific K_offset after initial acces, the long scheduling delay due to the large K_offset will decrease the end-to-end latency and system throughput.
[image: ]
[bookmark: _Ref30623532]Figure 5 (a) K_offset in one cell (b) updated K_offset in one beam
Here, we take the updated beam-specific K_offset as an example. As shown in Figure 5 (b), UEs in different beams can have different feasible beam-specific K_offset, whose time length is not smaller than the largest RTD of the corresponding beam. As the largest RTD in one beam is usually smaller than the largest RTD in one cell as shown in Figure 5, the beam-specific K_offset could be smaller than the cell-specific one. To explain the feasible K_offset value range at different positions in one cell, Table 1 lists the possible K_offset value range in one NTN cell at the minimum elevation angle (10 degree). Only the service link RTD is considered here as an example, because impacts introduced by feeder link is a common part for different UEs. In the GEO scenario, it is assumed that one cell includes four beams. There are 16 beams in one LEO-1200 cell, in which the diameter of one beam is 190 km. From Table 1, it is shown that the feasible K_offset for UEs in different beams could have a large difference. For example, the UE at the nearest position to the satellite could use the K_offset = 64 with LEO-1200 scenario and SCS = 60 kHz. However, the broadcast initial cell-specific K_offset is 84, which is much larger than the above one.
[bookmark: _Ref30144235]Table 1. K_offset ranges in different scenarios
	Numerology (SCS)
	GEO 
(cell diameter=450km, 4 beams per cell)
	LEO-1200 
(cell diameter =760km,16 beams per cell)

	15kHz
	268~271
	16~21

	30kHz
	536~542
	32~42

	60kHz
	1071~1083
	64~84



[image: ]
[bookmark: _Ref30625201]Figure 6 Relationship between K_offset and scheduling delay
A larger K_offset means that the PUSCH scheduled by RAR grant or DCI from UE will arrive at gNB later. In Figure 6, it is shown that if the K_offset is a larger number, the gNB needs to wait longer for receiving the corresponding PUSCH, which leads to longer delay between RAR grant or DCI and PUSCH. If the K_offset can be smaller, the scheduling delay will be decreased correspondingly. Therefore, further narrowing the cell-specific K_offset to beam-specific K_offset of smaller value is beneficial. Updating via beam-level RRC configuration is a straightforward option, and how to trigger the update need further study.
Observation 3: The beam-specific K_offset decreases the end-to-end latency compared with the initial cell-specific K_offset.
Proposal 3: Support updating beam-specific K_offset via RRC configuration.
Update to UE-specific K_offset
The K_offset can also be updated from cell/beam specific to UE-specific. A UE-specific K_offset value is related to the UE-specific TA, which is the minimum achievable scheduling delay. Obviously, the benefit of UE-specific K_offset value is that it can further decrease the end-to-end latency. Indication via MAC CE or DCI is preferred considering flexibility and latency, for MAC CE-option, K_offset value can be directly notified by gNB, while for DCI-option, additional bit field for Koffset may be necessary which will introduce larger impact to the existing protocol.
Proposal 4: Support updating UE-specific K_offset via MAC CE.
However, UE-specific K_offset requires the network to maintain the scheduling timing for each UE, which will increase the NW complexity. Moreover, UE may need to report some information (e.g., location information or TA) to enable NW to track the change of the UE-specific K_offset, which will increase the signaling overhead. Therefore, how to apply UE-specific K_offset to further reduce the scheduling latency needs further evaluation. 
Observation 4: UE-specific K_offset can further decrease the end-to-end latency while introducing signaling overhead and NW processing complexity.
Proposal 5: Signaling reduction methods should be introduced to relieve the reporting overhead of UE-specific K_offset.
Start of Msg2/MsgB RAR window
As for the interpretation of the start of the Msg2/MsgB RAR window, the corresponding description in TS 38.213 is extracted below [6].
TS 38.213, Section 8.2, 4-step RACH:
[bookmark: _Hlk505324461]In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. 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. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow. 
TS 38.213, Section 8.2, 2-step RACH:
In response to a transmission of a PRACH and a PUSCH, or to a transmission of only a PRACH if the PRACH preamble is mapped to a valid PUSCH occasion, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding MsgB-RNTI during a window controlled by higher layers [11, TS 38.321]. 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. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by msgB-ResponseWindow.

In NR, UE does not apply timing advance, i.e., TA=0, when it transmits Msg1/MsgA to gNB. However, from the existing specification, it seems that it is not limited that the TA is equal to 0. In our understanding, the specification text can be interpreted that the Msg2/MsgB RAR window starts according to the actual timing of PRACH transmission. It is noted that using the interpretation of “actual timing” is not in conflict with NR specification as it is applicable for TA=0.
In Figure 7 (a), in NTN scenarios UE would use a large TA to send Msg1/MsgA in advance, and the corresponding RAR window starts according to the actual timing of Msg1/MsgA’s last symbol. Correspondingly, when introducing a RAR window offset which starts after the actual timing of Msg1/MsgA last symbol, the RAR window will start at the first symbol of the earliest CORESET after the RAR window offset, as shown in Figure 7 (b). Therefore, the RAR window offset can be equal to the minimum round trip delay in a cell as illustrated in Figure 3.


[bookmark: _Ref59802809]Figure 7 Start of Msg2/MsgB RAR window illustration
Observation 5: Based on the existing specification, it can be interpreted that the Msg2/MsgB RAR window starts according to the actual up timing of PRACH transmission.
Proposal 6: RAN1 to clarify that Msg2/MsgB RAR window starts according to the actual up timing of PRACH transmission.

PDCCH ordered PRACH
In the last meeting, the issue of PDCCH ordered PRACH was discussed, where the timing of RO needs some further clarification for NTN. In this section, we discuss whether the potential RO selected by UE is incompatible with the large TA in NTN. The corresponding description about PDCCH ordered PRACH in TS 38.321 is extracted below [7].
TS 38.321, Section 5.1.2:
1>	else if the ra-PreambleIndex has been explicitly provided by PDCCH; and
1>	if the ra-PreambleIndex is not 0b000000:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
2>	select the SSB signalled by PDCCH.
……
1>	else if an SSB is selected above:
2>	determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured or indicated by PDCCH (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6], corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).
......


Based on the current specification, it can be seen that the RO is selected by UE, and the UE can determine which RO is the “next available” RO from a set of periodic ROs. That is, if the timing-gap between one RO timing and the received PDCCH timing is smaller than the UE’s TA, this RO is not an available one and will not be selected by the UE.
[bookmark: _GoBack]In principle, the specification does not restrict the timing-gap between the received PDCCH timing (DL timing) and the selected RO timing (UL timing). Therefore, a timing offset, e.g., K_offset, is not needed in the PDCCH ordered PRACH scenario.
Observation 6: The specification does not restrict the timing-gap between the received PDCCH timing and the selected RO timing to a fixed time length.
Proposal 7: There is no need to introduce a timing offset when determining the RO for PDCCH ordered PRACH.

Conclusion
In this contribution, we discuss the issue of K_offset derivation and K_offset update. The following observations and proposals are presented:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: There will be some signalling redundancy if all the timing related parameters, i.e. RAR window offset, Common TA, K_offset, K_mac, are independently signaled.
Observation 2: To save the signaling overhead, initial cell specific K_offset and initial K_mac can be derived from ra-ResponseWindow, an offset for the start of the ra-ResponseWindow and common TA.
Observation 3: The beam-specific K_offset decreases the end-to-end latency compared with the initial cell-specific K_offset.
Observation 4: UE-specific K_offset can further decrease the end-to-end latency while introducing signaling overhead and NW processing complexity.
Observation 5: Based on the existing specification, it can be interpreted that the Msg2/MsgB RAR window starts according to the actual up timing of PRACH transmission.
Observation 6: The specification does not restrict the timing-gap between the received PDCCH timing and the selected RO timing to a fixed time length.
Proposal 1: For cell-specific K_offset used in initial access, down-select from one of the following solutions:
· Solution 1: Derive K_offset from ra-ResponseWindow and RAR window offset
· Solution 2: Derive K_offset from common TA and an extra parameter △K
K_mac can be decided later once the down-selection is done for K_offset.
Proposal 2: If beam specific K_offset in initial access is supported, derive the beam specific initial K_offset from common TA and a differential value carried by Msg2. 
Proposal 3: Support updating beam-specific K_offset via RRC configuration.
Proposal 4: Support updating UE-specific K_offset via MAC CE.
Proposal 5: Signaling reduction methods should be introduced to relieve the reporting overhead of UE-specific K_offset.
Proposal 6: RAN1 to clarify that Msg2/MsgB RAR window starts according to the actual up timing of PRACH transmission.
Proposal 7: There is no need to introduce a timing offset when determining the RO for PDCCH ordered PRACH.
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