Page 1

3GPP TSG RAN WG1 #104b-e	R1- 2103268
e-Meeting, April 12th – 20th, 2021
Agenda Item:		8.15.3
Source:				Samsung
Title:					Timing relationship enhancements
Document for:	Discussion
Introduction
[bookmark: _Hlk22834419]One objective of the Study on NB-IoT/eMTC support for Non-Terrestrial Network approved in RAN#86 [1] is to address aspects related to timing relationships. 
This contribution discusses aspects related to timing relationship enhancements. 
Discussion
Timing relationships
The propagation delays in NTN are much longer than the propagation delays in terrestrial mobile systems which are usually less than 1ms, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the airborne platforms. The cell size in NTN is much larger and UEs in different parts of the cell experience different delays. Thus, the long propagation delays and large cell size require modifications of the timing aspects defined in terrestrial networks so that DL and UL frame timing is aligned at the eNB side. A timing offset, k_offset, may be required to adapt some of the transmission timing relationships of PUCCH and PUSCH specified for terrestrial networks. Since the round trip delay is on the order of 1ms in terrestrial networks, the value of the time offset for various cases in NB-IoT (e.g., NPDCCH to NPUSCH format 1, RAR grant to NPUSCH format 1, NPDSCH to HARQ-ACK on NPUSCH format 2, NPDCCH order to NPRACH) does not account explicitly for the round trip delay. Same considerations apply to corresponding channels for eMTC.

NPUSCH format 1
We consider the transmission of NPUSCH format 1. NPUSCH format 1 transmission can be scheduled by a NPDCCH with DCI format N0, or the transmission can correspond to using preconfigured uplink resource configured by higher layers. Transmission using preconfigured uplink resource is initiated by higher layers, while retransmission of transport blocks transmitted using preconfigured uplink resource are scheduled by a NPDCCH with DCI format N0. As specified in [2], a UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n scheduling NPUSCH intended for the UE, perform, at the end of 
-	n+k0 	DL subframe for FDD, 
-	k0 		NB-IoT UL subframes following the end of n+8 subframe for TDD,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1.
For NTN, an additional delay k_offset needs to be added, so that the above relationships become
 -	n+k0 +k_offset 	DL subframe for FDD, 
-	k0 +k_offset 		NB-IoT UL subframes following the end of n+8 subframe for TDD,
As in terrestrial networks for the value of k0, the value of k_offset can be determined by the propagation delay field (I_offset) in the corresponding DCI according to a mapping. For example, for each I_offset value can exist a k_offset value.  The mapping can be different for the FDD and TDD cases. 

Proposal 1: For NB-IoT in NTN, introduce an additional delay of k_offset subframes before transmission of NPUSCH format 1 scheduled by a NPDCCH with DCI format N0.

Preamble transmission initiated by a PDCCH order channel

In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe [image: ], , where a NPRACH resource is available. An additional delay k_offset needs to be added to k2 to take into account the large round trip delay.
Proposal 2: For NB-IoT in NTN, introduce an additional delay of k_offset subframes before transmission of a random access preamble when the random access procedure is initiated by a "PDCCH order".

Cell/UE-specific time offset
Cell specific timing offset is required at least for the transmission timing of RAR grant scheduled PUSCH. A cell specific timing offset is based on a maximum time advance (TA) within one cell which can be large due to the large round-trip delay in NTN, and can be overestimated for some UEs. A UE specific timing offset can reduce the transmission delay for UEs that need a smaller timing offset, at the cost of additional signaling overhead and power consumption compared to cell specific timing offset.  To support UE specific timing offset, an estimated TA should be reported to the eNB. Considering that the IoT service is generally tolerant to latency, cell specific timing offsets can be sufficient for most applications and for the above transmission timings of DCI scheduled PUSCH, RAR grant scheduled PUSCH and HARQ-ACK on PUCCH a same timing offset can be used.
Proposal 3: Cell specific timing offset is transmitted in SIB with a single value for adjusting the transmission timings of DCI scheduled PUSCH, RAR grant scheduled PUSCH and HARQ-ACK on PUCCH.

Considering different scenarios and deployments, it can be necessary to have the possibility to configure a UE specific timing offset. For small NTN cells, the variation of the TA values among the users of a cell is relatively small and a cell specific Koffset is expected to be accurate. For large NTN cells, the variation of the TA values among the users of a cell can be large, in the order of several subframes [3], especially for GEO scenarios. For UEs in large cells it can be necessary to use UE-specific timing offsets. A cell specific timing offset can be used in initial access, for example for adapting the transmission timing of the RAR grant scheduled PUSCH, and reconfigured to a UE specific offset in connected mode. 
Proposal 4: Discuss whether to allow reconfiguration to a UE-specific timing offset after initial access.

Preconfigured uplink resources
Rel-16 NB-IoT and LTE-MTC support transmission in preconfigured uplink resources (PUR) where a UE can transmit resources that were preassigned before connection setup. A PUR transmission assumes that a UE has a valid TA and therefore the UE needs to do TA validation before transmission. In large NTN cells configuring a single timing offset will not be accurate for all UEs and a UE specific offset should be provided. A UE specific offset requires a UE to report measurements. The main motivation for transmitting in preconfigured resources is to reduce the overhead of the signaling Msg1 through Msg4 at connection set up assuming the UE has obtained a valid TA, but the validation of the TA requires additional resources. For stationary UEs the TA validation will not happen often, and overall PUR transmission mode can still provide savings in overhead signaling and power consumption respect to a scheduled transmission in connected mode. For early data transmission (EDT), Msg1 and Msg2 are used for TA validation and then data transmission starts in Msg3. 
Proposal 5: Discuss timing offsets for transmission of preconfigured uplink resources and EDT in NTN-IoT.

Conclusion
This contribution discusses scenarios applicable to NB-IoT/eMTC over NTN. Proposals made in this contribution are summarized below.
Proposal 1: For NB-IoT in NTN, introduce an additional delay of k_offset subframes before transmission of NPUSCH format 1 scheduled by a NPDCCH with DCI format N0.
Proposal 2: For NB-IoT in NTN, introduce an additional delay of k_offset subframes before transmission of a random access preamble when the random access procedure is initiated by a "PDCCH order".
Proposal 3: Cell specific timing offset is transmitted in SIB with a single value for adjusting the transmission timings of DCI scheduled PUSCH, RAR grant scheduled PUSCH and HARQ-ACK on PUCCH.
Proposal 4: Discuss whether to allow reconfiguration to a UE-specific timing offset after initial access.
Proposal 5: Discuss timing offsets for transmission of preconfigured uplink resources and EDT in NTN-IoT.
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Appendix – RAN1#104e agreements
	Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships

Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

Agreement:
· Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization.
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