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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. The NTN WI aims to specify enhancements identified for NR NTN (especially LEO and GEO) with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to 3GPP TR 38.821 [2] changes for NR specification are required to support NTN due to long propagation delays, Doppler effects and moving cells. Multiple features of NR specification should be enhanced to support NTN including timing relationship. In this contribution timing relationships enhancements for NR to support NTN are discussed.
2. Discussion
Timing relationships enhancements were discussed in the study item on solutions for NR to support NTN [2]. For NTN it is assumed that large timing advance (TA) is applied by the UE in order to compensate large propagation delay. In order to avoid the case where UE should transmit PUSCH before reception of UL grant for that PUSCH, slot offset from the DCI to the target slot of PUSCH reception should be larger than TA applied by the UE. In order to solve this issue and several similar issues it was agreed to support common slot offset K_offset [3].
	[bookmark: _Hlk49429056]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.


Details of configuration for K_offset value are still under discussion in RAN1. At the RAN1#103-e meeting [4] it was agreed that at least a cell specific K_offset configuration is supported for initial access. Beam specific K_offset configured for initial access is FFS. Based on values specified in table 4.2-2 from [2], the maximum differential delay within a cell is 10.3 ms for GEO and 3.18 ms for LEO at 1200 km. The number of slots within the maximum differential delay is represented in the below table for different subcarrier spacing (SCS). 
Table 1. Number of slots to cover the maximum differential delay within a cell
	Orbit\SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	GEO
	11 slots
	21 slots
	42 slots
	83 slots

	LEO @1200km
	4 slots
	7 slots
	13 slots
	26 slots


As it can be seen from the above table, maximal number of slots to cover the differential delay within a cell is 83. If difference of beam-specific K_offset relative to cell-specific K_offset is indicated, 7 bits per beam is required. In order to decrease the overhead, reporting of slot offset difference between adjacent beams can be considered. Furthermore, subsampling of value range can be considered in order to further decrease the overhead. Thus, 2 bits per beam can be enough in order to support beam specific K_offset for initial access. In order to maintain the main principles of Rel. 15 system information design, K_offset for all beams should be indicated in the SI transmitted in every beam.
Proposal 1: 
· [bookmark: _Hlk61885892]Support beam specific K_offset configured in system information for initial access
· Support indication of K_offset difference between adjacent beams with up to X bits per beam (e.g. X = 2)
· K_offset for all beams should be indicated in the SI transmitted in every beam
At the RAN1 meeting RAN1#104b-e the following agreement was made on K_offset update after initial access. 
	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


Since low latency is not always required for K_offset update at least RRC configuration shall be supported for that purpose. For example, RRC configuration can be used to update the K_offset for GEO scenario from cell-specific (configured in SI) to beam-specific. For LEO scenario, where RTT is changing rapidly MAC CE based update of K_offset may be beneficial and can be considered to improve the latency characteristics of UL transmission. 
Proposal 2: 
· At least RRC-based K_offset update after initial access shall be supported
· MAC CE-based K_offset update can be additionally considered for non-GEO scenario
At the RAN1#103-e meeting [4] the following agreement was made in agenda item for enhancements on UL time and frequency synchronization.
	Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.


In the above agreement it is stated that indication of common time offset (common TA) is supported. Since the common TA and common slot offset (K_offset) are related to propagation delay, the value of K_offset can be fully or partially derived from common TA value. For example, for deployment with transparent payload common TA can be used in order to compensate feeder link delay, K_offset for this case is used to compensate maximum delay for the deployment which is sum of feeder link delay and maximum service link delay. Thus, K_offset can be represented as sum of common TA (in slots) and common slot offset for service link.
At the last RAN1 meeting the following agreement was made on K_offset configuration in SI.
	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


Thus, if option 2 is supported then part of K_offset corresponding to feeder link can be implicitly derived from the indicated Common TA (or vice versa). Such design results in small overhead reduction of (up to 1 bit) is feeder link delay is at most half of the full delay. However, there are some other parameters which can be related to the feeder link delay. At the last RAN1 meeting the following agreement was made related to the additional slot offset for MAC CE action K_mac.
	Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  [image: ][image: ]. The estimate of gNB-satellite RTT is equal to the sum of [image: ][image: ] and K_mac.  How to treat [image: ][image: ] and [image: ][image: ] can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.


Thus, full delay is equal to the sum of UE’s TA and K_mac. If UE’s TA corresponds to the service link only (i.e. Common TA is equal to 0) then K_mac corresponds to an estimate of feeder link delay. If Common TA corresponds to feeder link delay then K_mac is zero. Thus, only one additional bit a is required to represent the above two scenarios. E.g. if a = 0, K_mac is equal to 0 and Common TA corresponds to feeder link delay; if a = 1, K_mac corresponds to feeder link delay and Common TA is equal to 0. Also, if Common TA is equal to zero, K_offset shall correspond only to service link. Hence, the overhead required to indicate Common TA and K_mac can be reduced as it is represented in the below figure. The Common TA in the analysis represents slot-level part of the common TA; Sub-slot Common TA can be indicated separately.


Figure 1. Explicit (A) and implicit (B) indication of K_offset, Common TA and K_mac
As it can be seen from the above figure, if implicit indication is used around 30% of overhead can be saved for indication of offset, Common TA and K_mac. Thus, we support option 2 in the agreement above, where indication of K_offset can be divided into two parts. Furthermore, we propose to consider determination of K_offset, Common TA and K_mac based on additional bit a as it is described in figure 1.
Proposal 3: 
· Indication of K_offset is done using two values for K_offset determination: K_offset_1 and K_offset_2
· K_offset, Common TA and K_mac are determined based on K_offset_1 and K_offset_2 values and value of bit a indicated together with K_offset_1 and K_offset_2
· If a = 0, 
· K_offset = K_offset_1 + K_offset_2, 
· Common TA = K_offset_2, K_mac = 0
· If a = 1, 
· K_offset = K_offset_1, 
· Common TA = 0, K_mac = K_offset_2
For PDCCH ordered PRACH it is important that the understanding on the selected PRACH occasion should be aligned at the UE side and at the gNB side, gNB should be aware of the exact selected PRACH occasion to avoid the need for blind detection of PRACH transmission. There are multiple ways how to achieve this for NTN. One solution is to follow the existing PRACH occasion selection design with reporting of UE-specific TA. If UE-specific TA is known at the gNB, gNB can determine the selected PRACH occasion. Another way to avoid blind decoding is to introduce K_offset for selection of PRACH occasion for PDCCH ordered PRACH at the UE. Thus, selection of PRACH occasion will not depend on the UE-specific TA value. We propose to support at least one of the solutions to avoid blind detection of PRACH at the gNB for PDCCH ordered PRACH.
Proposal 4: 
· PDCCH ordered PRACH should be supported for NTN without blind detection at the gNB
· Alt. 1: PRACH occasion is determined at the gNB based on UE-specific TA reported by the UE
· Alt. 2: UE selects PRACH occasion based on slot offset K_offset
If update of K_offset is supported, reporting of UE-specific TA can be used in order to determine UE-specific K_offset value. For that use-case the granularity of UE-specific TA reporting can be equal to 1 slot. Since gNB may not use the UE-specific K_offset configuration, reporting of UE-specific TA should be controlled (enabled/disabled) by the gNB.
Proposal 5: 
· Consider UE-specific TA reporting from the UE to the gNB with slot granularity
· Reporting of UE-specific TA should be controlled by the gNB
3. Conclusion
In this contribution aspects related to timing relationships for NTN were discussed. The following proposals were made.
Proposal 1: 
· Support beam specific K_offset configured in system information for initial access
· Support indication of K_offset difference between adjacent beams with up to X bits (e.g. X = 2)
· K_offset for all beams should be indicated in the SI transmitted in every beam
Proposal 2: 
· At least RRC-based K_offset update after initial access shall be supported
· MAC CE-based K_offset update can be additionally considered for non-GEO scenario
Proposal 3: 
· Indication of K_offset is done using two values for K_offset determination: K_offset_1 and K_offset_2
· K_offset, Common TA and K_mac are determined based on K_offset_1 and K_offset_2 values and value of bit a indicated together with K_offset_1 and K_offset_2
· If a = 0, 
· K_offset = K_offset_1 + K_offset_2, 
· Common TA = K_offset_2, K_mac = 0
· If a = 1, 
· K_offset = K_offset_1, 
· Common TA = 0, K_mac = K_offset_2
Proposal 4: 
· PDCCH ordered PRACH should be supported for NTN without blind detection at the gNB
· Alt. 1: PRACH occasion is determined at the gNB based on UE-specific TA reported by the UE
· Alt. 2: UE selects PRACH occasion based on slot offset K_offset
Proposal 5: 
· Consider UE-specific TA reporting from the UE to the gNB with slot granularity
· Reporting of UE-specific TA should be controlled by the gNB
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