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1. Introduction
[bookmark: _Hlk49429056]In RAN1#104b-e, the following agreements were achieved as potential enhancement for NR-NTN [1]:
Agreement:
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:
· 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:
Confirm the following working assumption:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.
Agreement:
When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.
Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
In this contribution, remaining issues on timing relationship enhancement are further discussed including initial signaling and updates of K_offset, which is applied for respectively timing relationships. Moreover, those pending timing relationships such as PDCCH ordered PRACH, etc. are explicated in section 4~6. At last to improve the scheduling flexibility in TDD deployment (e.g., ATG), potential DCI enhancement for indicating K1 are elaborated.
1. Indication of K_offset
2.1 Signaling initial K_offset value
As mentioned in the agreement above, following two options are listed for the indication of cell specific K_offset value as:
· 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
As shown in Table 1, the comparison between these two options is given. Basically for option 1, it’s clear that single K_offset value is needed. While for option 2, two offset values need to be determined. More specifically, one of them may be done via implicit signalling and the other is obtained via explicit signalling. In this way, although signaling overhead may be saved, more operation or complicity will be foreseen. Also from specification impact perspective, for option 1, only content of SIB 1 may be modified, but for option 2, more specification efforts are needed, e.g., approach on derivation from common TA, or involving beam specific realization, which may affect the SIB 1/SIB x, and corresponding UE monitoring aspect. Then, the option 1 with single value as the K_offset is preferred.
[bookmark: _Ref71635037]Table 1 Comparison between option 1 and option 2
	
	Complicity
	Signaling overhead
	Spec impact

	Option 1
	low
	high
	low

	Option 2
	high
	low
	high


Proposal-1: Signalling one offset value for K_offset as option-1 is preferred. 
2.2 Updates of K_offset and TA report
It is agreed that when UE is not provided updated information, the initial K_offset value can be used for all timing relationships that require K_offset enhancement [1]. And in order to reduce scheduling delay, updated K_offset with finer value may be applied. Moreover, the indication of updated K_offset value, either via RRC reconfiguration or MAC CE signal seems feasible before conducting these procedures other than Msg3 transmission, HARQ-ACK feedback to MsgB/Msg4.
According to the agreement [1], updating with UE specific K_offset is preferred for the standardization. W.r.t the detailed value and corresponding mechanism for updates, at least, such value should be based on an applied TA for UL transmission. The UE specific TA based configuration of a UE specific K_offset can well match the TA impact to avoid the incorrect scheduling with collision between channels or increased latency. 
For achieving such purpose, following two cases may be considered for TA reporting [2]: 
1. TA report during the initial access: Enabling TA report during the initial access stage can provide early optimization on the scheduling. The applied TA value can be reported to network via Msg-A or Msg-3 directly.
2. TA report after the initial access: UEs in RRC connected state in a cell should also be enabled to report its TA applied for transmission. And due to the movement of satellite and UE, changes of TA is expected, so periodic TA report is preferred to ensure the timing relationship for scheduling. 
Proposal-2: For 2-step RACH, a refined value of K_offset can be directly configured for a UE if corresponding TA is conveyed in the Msg-A transmission.
Proposal-3: To enable the updates of K_offset in UE specific way, the full TA report should be supported by both Msg-A and periodically PUSCH.
With the knowledge of value of UE specific K_offset, the network is supported to indicate the updated value via e.g., RRC reconfiguration or MAC CE.  
A: RRC reconfiguration
Legacy RRC reconfiguration [3] procedure can be considered in this case. But it will consume relatively high signalling overhead, as well as long interaction delay. Beside, considering the TA drift along time in LEO satellite case, e.g. drift rate is 90 us/s, the total amount of change is round 1 ms within time interval of 11 ms. Then, it seems that the updates over RRC cannot be achieved timely during a satellite serving time. 
B: MAC CE 
MAC CE is preferable as a quicker network configuration/indication. It may activate the same way as Timing advance command MAC CE. And also significant reduction of signalling overhead can be foreseen if the updates of K_offset is based on change or adjustment comparing to the previous value as listed in Table 2. 
[bookmark: _Ref71634988]Table 2 an exemplary comparison between the signaling overhead
	
	Signal a new K_offset
	Signal an adjustment K_offset

	Initial K_offset = 542 ms.
Maximum differential RTD = 21 ms
Minimum UE specific K_offset = 521 ms
	10 bits
	Up to 5 bits


Moreover, for the validity of MAC CE indication, due to the coarse granularity of K_offset, e.g. 1 ms, the updated K_offset value can be valid and may ignore impact of TA drift during the propagation delay. 
Proposal-4: MAC CE is preferable as a quick network indication to update from cell specific K_offset to UE specific _offset.
Observation-1: Indication the deviation value of K_offset is beneficial for signaling overhead.
Proposal-5: Update K_offset via indicating an adjustment value should be supported.
2.3 Application of the K_offset
According to the previous agreement, at least following timing relationships have been identified to be enhanced with K_offset in NR-NTN scenarios.
 The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
 The transmission timing of HARQ-ACK on PUCCH to MsgB / Msg4
 The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)
 The transmission timing of HARQ-ACK on PUCCH (except )
 The CSI reference resource timing
 The transmission timing of aperiodic SRS
 The first transmission opportunity of PUSCH in Configured Grant Type 2
 Adjustment of uplink transmission timing upon the reception of timing advance command
Based on the agreement, the initial K_offset value signaled in system information will be applied to all cases before the updates via other signalling. However, w.r.t the case with following updates of K_offset during/after initial access, different values should be considered, more specifically:
· During the initial access, if there is signaling of K_offset conveyed in Msg2/MsgB, e.g., either in RAR or in fallbackRAR, the initial K_offset value can be replaced by the new value and applied for timing relationship.
· After initial access, as to HARQ-ACK feedback to MsgB/Msg4, initial K_offset can be applied except signaling of K_offset is conveyed in Msg2. Besides, assume updated K_offset is transmitted in MsgB/Msg4, the value can’t be applied for NACK reporting since the value can’t be got when transport block in MsgB/Msg4 isn’t detected.
As to timing relationship e.g., from  to , updated UE-specific K_offset value via corresponding signaling in section 2.2 may be applied , assuming UE should report TA to the network.
Proposal-6: If there is signaling of K_offset conveyed in Msg2/msgB, either in RAR or in fallbackRAR, the K_offset value can be applied in following timing relationships:
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
Proposal-7: If there is signaling of K_offset conveyed in Msg2, the K_offset value can be applied in following timing relationships:
· The transmission timing of HARQ-ACK on PUCCH to Msg4
Proposal-8: With updated UE-specific K_offset based on the TA reporting, this value can be applied in following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)
· The transmission timing of HARQ-ACK on PUCCH (except HARQ-ACK on PUCCH to MsgB / Msg4)
· The CSI reference resource timing
· The transmission timing of aperiodic SRS
· The first transmission opportunity of PUSCH in Configured Grant Type 2
· Adjustment of uplink transmission timing upon the reception of timing advance command
1. MAC CE activation/deactivation
When DL-UL aligned at satellite is assumed, as agreed in RAN1#103-e meeting [4] and RAN1#104b-e meeting [1], K_mac can be signaled to a UE for MAC CE DL configuration. W.r.t the value of K_mac, it is expected to cover RTT of feeder link. And the value of K_mac can be indicated via system information, which is similar to signalling of common TA. Besides, the granularity of K_mac can be as same as that of K_offset, e.g., 1 millisecond. Moreover, to handle impacts on the variation of feederlink, time-variant behavior should be supported by updating mechanism of this value
For specific MAC CE DL configuration activation, additional K_mac will be provided, which is based on the transmission of HARQ-ACK on PUCCH whose timing is enhanced by K_offset. 
Proposal 9: Additional time-variant K_mac other than K_offset can be indicated the value is expected to cover RTT of feeder link.
Proposal 10: The granularity of K_mac can be same as K_offset.
1. Start of Msg2/MsgB RAR window 
Determining the value of the offset to the start of the ra-ResponseWindow and msgB-ResponseWindow should be discussed. According to the existing spec shown below, it can be found that the timing for RAR monitoring is mainly up to the UE’s determination based on configuration of periodic PDCCH occasion (after corresponding PRACH occasion).
[bookmark: _Toc29899547][bookmark: _Ref491452917][bookmark: _Toc29899129][bookmark: _Toc29894830][bookmark: _Toc12021462][bookmark: _Toc26719399][bookmark: _Toc20311574][bookmark: _Toc29917284][bookmark: _Toc36498158]In section 8.1 of TS 38.213[5]:
“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.”
For UE side, UE needs to know full information on the whole propagation delay (including service link partial, feeder link partial), then it’s able to start the RAR window until a UE specific RTT after corresponding PRACH occasion. 
When DL-UL aligned at satellite, K_mac, e.g. equal to feeder link RTT, can be signaled to UE. And feeder link partial can be obtained via UE self-estimated TA.
When DL-UL aligned at gNB, information on feeder link partial can be conveyed via common TA indication. And UE can determine the start of RAR window as the symbol after UE DL slot m as depicted in Figure 2, given UE knows its DL and UL frame timing or full TA information, e.g. Network -controlled common TA, UE self-estimated TA .
[image: ]
[bookmark: _Ref68263982][bookmark: _Ref11026]Figure 1 the timing for RAR monitoring in NTN scenarios
Meanwhile, if there is concerns on the accuracy for the self-calculation on the TA at UE side, the minimum RTT within one service cell can also be preferred to postpone the RAR reception. Furthermore, in this way, if the maximal differential delay within one cell is larger than RAR window length, or if retain effective length of RAR monitoring window, further extending of this window can be considered. 
[bookmark: _GoBack]Proposal 11: Determining start of Msg2/MsgB RAR window considering following options: 
· Option 1: Introducing an offset of UE specific RTT 
· Option 2: Introducing an offset of Minimum RTT
1. PDCCH ordered PRACH
In existing system, a gNB may trigger contention-free RACH procedure via PDCCH for the purpose of uplink re-synchronization once the UL synchronization is lost at gNB side. In this case, according the existing specification of NR as follows, selection of available PRACH occasion within first available mapping cycle does not take the impact of TA into account. However, in NTN case, TA is large and should be considered. If the “first mapping cycle” is still interpreted as after PDCCH transmission timing (BS side) or closed to DL reception timing (same mapping cycle at UE side), it may not be suitable for the transmission of PRACH with pre-compensation on the TA.
In section 8.1 of TS 38.213[5]:
“The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. “
Then, since the gNB will always schedule/indicate PRACH occasion (RO) resource in a ‘SSB-RO’ mapping cycle, e.g., mapping cycle #x, PRACH occasion index #y, to address the impact of larger TA in NTN case, following options are discussed in previous meeting:
· UE specific K_offset from the indication RO (first mapping cycle, PRACH occasion index #y) is used to fix the position of the selected RO.  
· Interpreting the determination of the “first available cycle” with consideration on the impact of TA.
From gNB’s implementation perspective, for the reception of PRACH, the gNB can conduct the blind detection in the ROs within a possible receiving window based on the previous information on the TA information for each UE within the range of the potential maximum RTT. But from UE side, it should be clarified that whether the impact of TA will be considered for the determination of RO in legacy implementation. If the answer is yes, then either introduction on the K_offset or re-interpretation of determination of RO can be considered. 
Proposal 12: For PDCCH ordered PRACH, clarification on the assumption for RO determination in legacy system is needed to down-select one of following solutions:
· Introduction on the K_offset
· Re-interpretation of determination of RO can be considered
1. Other time relationships
Additionally, following timing relationships are discussed in this section, and no enhancement is identified based on corresponding spec as shown in Table 3.
1. Configured grant type 1
2. DCI 2_0 scheduled SFI
3. preamble retransmission
4. SI update impact on RACH procedure
5. CSI-AperiodicTriggerStateList and SRS resource set configuration
[bookmark: _Ref71635171]Table 3 Other timing relationships
	Timing relationships
	Spec reference
	Observation

	Configured grant type 1
	TS 38.321/5.8.2[6]
	Implement via configuring the time resource parameters to absorb the value of K_offset.

	DCI 2_0 scheduled SFI
	TS 38.213/11.1.1[5]
	The SFI configuration will activated after DL receiving.

	preamble retransmission
	TS 38.213/8.2[5]
	The preamble retransmission is conducted after the last symbol of the DL reception.

	SI update impact on RACH procedure
	TS 38.331/5.2.2.2.2[3]
	Implement via blind preamble detection

	CSI-AperiodicTriggerStateList and SRS resource set configuration
	TS38.214 / 5.2.1.5.1[7]
	No need to be treated individually as exceptional MAC CE activation/deactivation


Observation 2: No enhancement on following timing relationships is identified based on legacy spec:
· Configured grant type 1
· DCI 2_0 scheduled SFI
· preamble retransmission
· SI update impact on RACH procedure
· CSI-AperiodicTriggerStateList and SRS resource set configuration
1. Impact on DCI for extension of K1 
For the uses case of ATG/TDD, to enable the flexibility scheduling, supports on the dynamic indication of more K1 value is preferred. More specifically, such value has impacts on resource allocation for ACK-NACK feedback. With indication of more K1 value, it will lead to more concentrated allocation of PUCCH, and corresponding UL performance can also be guaranteed [2]. In additional, for keeping the size of DCI bit field, re-interpreting the bit field can also be considered to achieve flexible scheduling. For example, aside from the PDSCH-to-HARQ feedback timing indicator, other value such as time resource index can be combined for indication of K1 value.
Proposal 13: For unpaired spectrum, enhancement on current DCI either via increasing bit size or re-interpreting the bit field PDSCH-to-HARQ_feedback timing indicator should be supported.
1. Conclusions
In this contribution, further discussion on initial signaling K_offset, update of K_offset, and specific additional timing cases is conducted with following observations and proposals: 
Proposal-1: Signalling one offset value for K_offset as option-1 is preferred. 
Proposal-2: For 2-step RACH, a refined value of K_offset can be directly configured for a UE if corresponding TA is conveyed in the Msg-A transmission.
Proposal-3: To enable the updates of K_offset in UE specific way, the TA report should be supported by both Msg-A and periodically PUSCH.
Proposal-4: MAC CE is preferable as a quick network indication to update from cell specific K_offset to UE specific _offset.
Observation-1: Indication the deviation value of K_offset is beneficial for signaling overhead.
Proposal-5: Update K_offset via indicating an adjustment value should be supported.
Proposal-6: If there is signaling of K_offset conveyed in Msg2/msgB, either in RAR or in fallbackRAR, the K_offset value can be applied in following timing relationships:
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
Proposal-7: If there is signaling of K_offset conveyed in Msg2, the K_offset value can be applied in following timing relationships:
· The transmission timing of HARQ-ACK on PUCCH to Msg4
Proposal-8: With updated UE-specific K_offset based on the TA reporting, this value can be applied in following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH)
· The transmission timing of HARQ-ACK on PUCCH (except HARQ-ACK on PUCCH to MsgB / Msg4)
· The CSI reference resource timing
· The transmission timing of aperiodic SRS
· The first transmission opportunity of PUSCH in Configured Grant Type 2
· Adjustment of uplink transmission timing upon the reception of timing advance command
Proposal 9: Additional time-variant K_mac other than K_offset can be indicated the value is expected to cover RTT of feeder link.
Proposal 10: The granularity of K_mac can be same as K_offset.
Proposal 11: Determining start of Msg2/MsgB RAR window considering following options: 
· Option 1: Introducing an offset of UE specific RTT 
· Option 2: Introducing an offset of Minimum RTT
Proposal 12: For PDCCH ordered PRACH, clarification on the assumption for RO determination in legacy system is needed to down-select one of following solutions:
· Introduction on the K_offset
· Re-interpretation of determination of RO can be considered
Observation 2: No enhancement on following timing relationships is identified based on legacy spec:
· Configured grant type 1
· DCI 2_0 scheduled SFI
· preamble retransmission
· SI update impact on RACH procedure
· CSI-AperiodicTriggerStateList and SRS resource set configuration
Proposal 13: For unpaired spectrum, enhancement on current DCI either via increasing bit size or re-interpreting the bit field PDSCH-to-HARQ_feedback timing indicator should be supported.
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