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1. Introduction
[bookmark: _Hlk49429056]In RAN1#103e, the following agreements were made [1]:
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.
[bookmark: _Hlk49428996]Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.
In this contribution, details on the configuration of K_offset are discussed with corresponding solutions. Moreover, other issues without progress in previous meeting are also elaborated.
1. [bookmark: _Ref54250600]Configuration of K_offset
Many solutions on indication of initial K_offset were discussed in last meeting. They have been summarized as following options in [2]. In this section, further analysis on each option is conducted.
1　 Option 1: A cell-specific value of K_offset is configured in system information.
2　 Option 2: One or more beam-specific values of K_offset are configured in system information.
3　 Option 2b: A value of Koffset is configured per beam or per cell in system information
4　 Option 3: K_offset is equal to UE specific TA.
5　 Option 4: K_offset is equal to common TA.
6　 Option 4b: K_offset is derived from beam-specific common TA
7　 Option 5: A cell-specific K_offset is derived based on ra-ResponseWindow and an offset for the start of the ra-ResponseWindow in system information.
W.r.t. the set of implicit ways, as option 3/4/4b/5, some prior messages are proposed to be reused for deriving the value of K_offset. For example, option 3/4/4b utilizes the timing advance information and option 5 couples K_offset with ra-ResponseWindow and an offset for the start of the ra-ResponseWindow. In this way, redundant signaling may be avoided.
Moreover, for option 3, the UE specific TA needs to be reported to gNB firstly, which is not a common and workable mechanism for initial access. Option 4b was variant from option 4 during last meeting. Although, both of them are related to common TA, option 4b is more reasonable with following considerations:
1. According to the formula of timing relationship, K_offset is a portion of the overall scheduling offset, and the unit of the legacy scheduling offset is a slot. While for the common TA, the unit may be not the same as a slot, so at least the unit transition would be needed. 
2. The K_offset value is also not strictly equivalent to the common TA. The cases, for example, a quantized integer in order to match the setting unit, or a bit larger scheduling offset to ensure enough margin for scheduling flexibility should be taken into account. 
3. In case of cell with multiple beams, with introduction on the beam-specific calculation on the K_offset, the value range of UE specific scheduling would be limited. Moreover, updates on the corresponding value per beam will be flexible and efficient on the demand per beam.
Therefore, option 4b is considered as first preference among the set of implicit ways. More specifically, it have been discussed in [3], according to the indicated common TA from gNB, the derived approach is to convert the value according to the numerology for corresponding scenario. For example, w.r.t the PUSCH transmission, the conversion of common TA to K_offset will be done based on the SCS of PUSCH.
However, this option assumes a prerequisite of indication on common TA, which is up to the progress and decision in AI 8.4.2, joint consideration may be needed.
Proposal 1: The K_offset derived from corresponding common TA value should be supported.
With consideration on the flexibility for scheduling, the explicit solutions, as option 1/2/2b via dedicated signaling for the K_offset is also proposed. Among these three options, following differences are foreseen:
· Cell specific or beam specific K_offset
Once the cell-specific K_offset value is configured, the granularity would be very coarse to cover the maximum range for scheduling and it will lead to additional latency for UE during initial access. For example, in a LEO scenario, the max round trip delay in service link is 20.87 ms for the beam with min elevation angle (e.g. 10 degree for service link) in a cell [4]. Correspondingly, a cell-specific K_offset value is configured equivalent to the RTD. While for the UE in the beam with elevation angle of 30 degree in the cell, the max RTD is 7.24 ms. That is, the corresponding K_offset needed is much smaller than the former one. Once the same cell-specific K_offset is configured for this case, the network will endure a large delay and low scheduling efficiency. For the other one, if beam-specific K_offset value is signalling, more accurate scheduling offset can be provided, and the aforementioned issue can be alleviated. Moreover, updates on the corresponding value per beam will be flexible and efficiency on the demand per beam regardless of UE’s states.
So, comparing with option 1, option 2/2b is more beneficial considering the character of beam specific K_offset value. Meanwhile, for the deployment of one-beam per cell, option 1 can also be included in option 2/2b. 
· Common SIB or beam specific SIBs
Basically, the legacy NR procedure of broadcasting is that the BS broadcasts SSB to UEs in a cell along with common SIB. In order to signalling the K_offset under the NR framework, as shown in Figure 1, an intuitive solution is to include multiple values of K_offset in SIB. If the UE in the cell receives the SIB, the network may indicate the K_offset for the target UE via predefined association between beams and K_offset, e.g., via additional mapping between SSB and beam. Such configuration will lead to the inflexible allocation for the SSB in the implementation. 
[bookmark: _GoBack]Another related issue is the signalling overhead for multiple values of K_offset in the system information. Once all value are carried in single SIB, the required size may be pretty larger and corresponding evaluation on the flexibility should be done in RAN2.
So, if a dedicated SIB is designed for NTN, another solution is to include a value of K_offset in SIB x. Moreover, the value of K_offset is configured and/or associated to each beam, which will lead to a different content for this SIB x transmitted in each beam. If the UE in the beam received corresponding SIB x, the K_offset in the SIB x can be obtained.

[image: ]
[bookmark: _Ref54181813]Figure 1 Broadcast beam-specific K_offset under legacy framework
Proposal 2: Beam-specific K_offset configuration can be supported via common SIB or beam-specific SIB with following considerations:
· Multiple beam-specific values of K_offset in single SIB.
· Different single value of K_offset per beam in dedicated SIB.
Additionally, saving signaling overhead should be considered for explicit indication of K_offset, especially via SIB. As one promising way, different unit (e.g. slot, frame) for K_offset can be considered for different cases, e.g., GEO/LEO. Given an example that the scheduling delay equals to the maximum RTD as 541.46 ms in GEO scenario. If the unit is set as 1 millisecond, K_offset can indicate the integer portion as 541 ms, which would need 10 bits overhead. While once the value 541.46 is quantized as frame, say 540 ms, then only 6 bits are needed and the signaling overhead can be reduced. 
In addition, for LEO or HAPS scenario, the size of K_offset in slot could be only several bits due to the shorter RTD. To ensure the unified design, proper unit should be considered in different use cases and additional information, e.g., signaling, on the unit will be helpful for the bit-field interpretation of K_offset.
Proposal 3: In case of indication of K_offset, adaptive unit should be considered to support all scenarios with lower overhead. 
1. Enhancement on the existing k value
In order to achieve the reduction of signaling overhead by using proper unit, UE specific portion or more precise portion is left to be handled via existing offset k. (i.e., k, K1, K2). However, given the beam footprint size is much larger than the cell size in NR, so extension of existing offset (i.e., k, K1, K2) should be considered. Note in this case only value range is enlarged without DCI impact. For example, as elaborated in Figure 2, the slot n+ k+ K_offset is scheduled, where the scheduling delay is k+ K_offset. Assuming K_offset is target for common TA and handled in common signalling, then, for the remaining part, it can be handled by the extension of k with finer granularity to ensure the flexibility.
[image: ]
[bookmark: _Ref54182581]Figure 2 Illustration on the scheduling
Another uses case for extension of existing offset k is ATG in TDD. With extension of such value, it can be used to ensure that available UL resource can be configured for HARQ-ACK feedback. In general, it’s beneficial for compatible support for ATG scenario.
In addition, for the scenario such as HAPS, due to the lower altitude platform, the introduction of K_offset may not be necessary and extension of UE specific value will be enough to handle the large beam width. Generally speaking, extension of existing offset k (i.e., k, K1, K2) should be supported from the perspective of a holistic design for all scenarios.
Proposal 4: Extension of existing offset (i.e., k, K1, K2) should be supported.
1. MAC CE timing relationship
As described in TR 38.821[4], MAC CE timing relationship enhancement have been identified as follows:
· For the MAC CE action timing, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot , where the value of  may depend on NTN UE capability and may not necessarily be equal to . How to determine the value of  is for further study.
In order to further clarify this issue, the moderator suggest to clarify following questions firstly.
· Whether the principle described above applies to all MAC CE’s in existing NR. 
· When TA becomes large in NTN, and DL timing and UL timing are aligned at gNB:
· How to modify the timing relationship?
· Does the modification need to be different depending on the type of MAC CE?
· When DL timing and UL timing are not aligned at gNB.
For this topic, it will be easier to clarify it if we assume DL-UL timing aligned at gNB side firstly, which is same as existing specification in Figure 3.  
[image: ]
[bookmark: _Ref54248360]Figure 3 Illustration of full TA adjustment at UE to align the DL/UL frame boundary at BS [4]
According to current mechanism, the MAC CE applies after the ACK is received at gNB side, to ensure the UE and gNB share same assumption of configuration for transmission/reception. In our opinion, NR-NTN should follow the basic principle. 
In this way, for example, with assumption on the DL-UL frame boundary alignment at gNB side, the UE will transmits HARQ-ACK at n, which corresponds to the received PDSCH carrying the MAC CE command at slot n_DL (DL slot). And it will be determined as n = n_DL + k1 + K_offset, according to the discussion for ACK/NACK feedback with consideration on the impact of larger RTT (TA). Under this framework, the gNB is also expected to receive the ACK/NACK at UL slot n from gNB perspective. So, the MAC CE can be applied from  without additional offset. However, if the slot n is taken as the real time instant for ACK/NACK transmission at UE with applying for the corresponding TA, additional K_offset is needed to compensate the propagation delay at least. 
In order to achieve the common understanding on this issue, as aforementioned, principle as The MAC CE can only be applied once the ACK/NACK is received at gNB side should be taken as the basis for discussion. Meanwhile, the definition of slot n for ACK/NACK should be defined as the time instant associated with the previous scheduling instead of real time instant for transmission, which occurs in advance according to the TA.
Additional, the above discussion should be applied for all MAC CE command except for the MAC CE for TA adjustment. The reason is that as defined in current specification (cited below from 38.213), confirmation by the ACK/NACK may not be required to ensure the validity of TA command in a certain time.

For a timing advance command received on uplink slot n and for a transmission other than a PUSCH scheduled by a RAR UL grant as described in Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot n+k+1 where , NT,1, is a time duration in msec of N1 symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, NT,2 is a time duration in msec of N2 symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214], NTA,max is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,  is the number of slots per subframe, and Tsf is the subframe duration of 1 msec. 


Another normative work is about the pending parameter X, our views in contribution [3] is re-submitted as follows. This value is mainly determined by the minimum capability for MAC CE signalling processing/application at UE side, e.g., X = 3 in NR [5].
Following the same logic, the single value, e.g., same as the NR, can still be reused in NTN case. More specific, among all UEs types supported by the NTN, the normal mobile UE should be the baseline and enhanced capability with smaller X can be expected for others, e.g., CPE and vehicle mounted terminal. Even for other case with consideration on the terminal structure, e.g., mechanical antenna structure for VSAT UE, if necessary, additional margin can still be covered by the K_offset.
Proposal 5: Taking following principles as the basis for MAC CE timing relationship discussion:
· The MAC CE (except for the TA command)can only be applied once the ACK/NACK is received at gNB side
· Slot n for ACK/NACK transmission at UE side is determined by previous scheduling instead of real time instant for transmission with applied TA.
Proposal 6: For the MAC CE action timing, the existing value of X, i.e., X = 3, can be reused in NTN.
1. Additional timing relationships 
· 2-step RACH
Since 2-step RACH is supported for NR-NTN as agreed in RAN2 due to the benefits to for latency reduction, the related additional timing relationship should be enhanced in NTN cases. Thus, introducing K_offset for the transmission timing of fallback random-access response (RAR) scheduled PUSCH should be confirmed, same as timing of HARQ-ACK feedback for MsgB. 
Furthermore, the exact value of K_offset need to be discussed, especially taking into consideration of the time pre-compensation of MsgA for UE with GNSS capability. More specifically, in case of fallback-RAR, it means that the payload, which carries the “value” used for Msg-A TA pre-compensation is failed to be decoded. Then, the situation will be similar to the 4-step RACH case since no prior information is known at gNB side. The same principle applied for Msg3 scheduling can be applied by assuming same pre-compensation action is adopted.
For the HARQ-ACK feedback of Msg-B, the gNB will obtain the corresponding information on the pre-compensated TA (TA_pre) for one UE after the successful detection of Msg-A payload. Then, along with estimated TA via preamble detection (e.g., TA_i, which can be zero once the perfect pre-compensation is done), the required scheduling offset (overall) can be well known at gNB side for corresponding scheduling. In this way, in addition to the beam-specific K_offset obtained in section 1, optimization on the remaining value can be conducted by gNB.
Proposal 7: For the 2-step RACH, introduce K_offset for the transmission timing of fallback random-access response (RAR) scheduled PUSCH and HARQ-ACK feedback for Msg-B.
· DCI 2_0 scheduled SFI
The DCI 2_0 scheduled SFI timing relationship is clarified in the spec as follows, “A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0.”
If the SFI is used for indicating DL BWP, then no need to enhance the timing relationship for DL scheduling. As to the indication for UL BWP, in fact, SFI timing is defined by assuming uplink TA is zero. If legacy assumption is kept, then no need to be enhanced the timing relationship, the activation will still starting from a slot where the UE detects the DCI format 2_0 even though the propagation delay is enlarged. 
1. Conclusions
In this contribution, further analysis on configuration of K_offset and the timing relationship with consideration on the impact of NTN is conducted with following proposals: 
Proposal 1: The K_offset derived from corresponding common TA value should be supported.
Proposal 2: Beam-specific K_offset configuration can be supported via common SIB or beam-specific SIB with following considerations:
· Multiple beam-specific values of K_offset in single SIB.
· Different single value of K_offset per beam in dedicated SIB.
Proposal 3: In case of indication of K_offset, adaptive unit should be considered to support all scenarios with lower overhead. 
Proposal 4: Extension of existing offset (i.e., k, K1, K2) should be supported.
Proposal 5: Taking following principles as the basis for MAC CE timing relationship discussion:
· The MAC CE (except for the TA command)can only be applied once the ACK/NACK is received at gNB side
· Slot n for ACK/NACK transmission at UE side is determined by previous scheduling instead of real time instant for transmission with applied TA.
Proposal 6: For the MAC CE action timing, the existing value of X, i.e., X = 3, can be reused in NTN.
Proposal 7: For the 2-step RACH, introduce K_offset for the transmission timing of fallback random-access response (RAR) scheduled PUSCH and HARQ-ACK feedback for Msg-B.
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