3GPP TSG RAN WG1 Meeting #106b-e                            	      R1-2108931
E-Meeting, October 11th – 19th, 2021

Agenda Item:	8.15.1
Source:	Spreadtrum Communications
Title:	Discussion on enhancements to time and frequency synchronization for IOT NTN
Document for:	Discussion and decision

[bookmark: _Ref494215420]
Introduction
The WID on NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is approved in [1]
	[bookmark: OLE_LINK1][bookmark: OLE_LINK7]Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
· UE pre-compensation including ephemeris format (orbital / Position -Velocity)
· UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
· Timing advance formula (granularity of the timing advance may be different)
· Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
· Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
· Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
· DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
· GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
· Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
· UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
· Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.


In this contribution, we share our initial views on time and frequency synchronization enhancements to NB-IoT/eMTC over NTN.

Time and frequency synchronization enhancement specifically for IOT NTN
In NB-IOT, the duration for PRACH or PUSCH transmission is very long, especially with large repetition number. Considering the rapid time-frequency changes in the satellite scenario, UE needs to perform multiple time-frequency offset adjustments in once transmission time interval. In this case, updates on the pre-compensation value of time delay and frequency offset during a transmission time interval is expected. In RAN 105e meeting, the following agreement have been achieved in IOT NTN [2].
	Agreement:
· A specification change is needed for UL transmission with repetitions R>1. 
· For segmented UE pre-compensation how the following is handled can be further discussed 
· Phase discontinuity at subframe boundary when applying new pre-compensation
· Coherence time limitation due to delay/frequency drift rate during segment
· Signal overlapping between different TA segments
· FFS: Need for more frequent new UL gaps during long transmission 
· FFS: Whether sampling frequency adjustment to avoid new UL gaps can be achieved by implementation
· FFS: Value of N for the number of time units and what is the time unit for the segmented UE pre-compensation


In this section, we share our further views on long PUSCH/PRACH transmission in IOT NTN.

Long UL transmission on PUSCH
In RAN1#106_e, the following agreements on UE pre-compensation during long UL transmission on PUSH had been achieved [3].
	Agreement:
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.
· NOTE1:  are defined in TS 36.211 10.1.2.3 and 10.1.3.6 for NB-IoT
· NOTE2: M_^UL_slot is defined in TS 36.211, 5.2.3A for eMTC
· FFS: RAN1 to further discuss valid and invalid subframes
· FFS: Configuration details

Agreement:
· For NB-IoT/eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a k-bit field. 
· For NB-IoT, maximum 3-bit field with a maximum number of K=8 candidate values 2 ms, 4 ms, 8 ms, 16 ms, 32 ms, 64 ms, 128 ms, 256 ms  
· FFS: Down scoping of K candidate values, size of k-bit field



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Due to the movement of the satellite, the TA value that the UE needs to pre-compensate will also change accordingly. Therefore different segments of long PUSCH (i.e. N time units) generally apply different TA pre-compensation values. When the UE's TA pre-compensation value changes from large to small, two adjacent segments will not overlap, as shown in Figure 1 (TA1>TA2). When the UE's TA pre-compensation value changes from small to large, two adjacent segments will overlap, as shown in Figure 2 (TA1<TA2).
[image: ]
Figure 1: the UE's TA pre-compensation value changes from large to small
[image: ]
Figure 2: the UE's TA pre-compensation value changes from small to large
In our view, inserting a gap between adjacent segments (N time units) to avoid the overlap of segments when the UE's TA pre-compensation value changes from small to large should be supported. Furthermore, with this new gap, the potential impacts on the PAPR due to phase discontinuity can also be fully alleviated.
Proposal 1: Inserting a gap between adjacent segments (N time units) to avoid the overlap of segments for long PUSCH should be supported.

Long transmission on PRACH
In RAN1#106_e, the following agreements on UE pre-compensation during long UL transmission on PRACH had been achieved [3].
	Agreement:
Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
· FFS: Configuration details

Agreement:
· For NB-IoT NTN, the network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field, where the size of the k-bit field and the number of K candidate values depend on the preamble format.
· Format 0 and format 1: 3-bit field, K=6 candidate values 2.4.(TCP+TSEQ), 4.4.(TCP+TSEQ), 8.4.(TCP+TSEQ), 16.4.(TCP+TSEQ), 32.4.(TCP+TSEQ), 64.4.(TCP+TSEQ)
· Format 2:  2-bit field, K=4 candidate values 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)  
· FFS: Down scoping of K candidate values, size of k-bit field
· FFS: Whether the same segment duration can be used for all preambles within a preamble format



According to the analysis in section 2.1, inserting a gap between adjacent segments (N time units) to avoid the overlap of segments for long PRACH when the UE's TA pre-compensation value changes from small to large should be supported.
Proposal 2: Inserting a gap between adjacent segments (N time units) to avoid the overlap of segments for long PRACH should be supported.

[bookmark: OLE_LINK2][bookmark: OLE_LINK8]Validity timer for UL synchronization
In RAN1#106_e, the following agreements on validity timer for UL synchronization had been achieved [3].
	Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters

Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2


For short sporadic connection, UE anyway should read the satellite ephemeris and common TA from SIB in the initial access stage. In this case, the common TA and satellite ephemeris are in the same NTN SIB. Furthermore, the duration of the short transmission is not longer than the validity timer for UL synchronization. Therefore, it will be sufficient to define a single validity timer of UL synchronization for both common TA and satellite ephemeris.
Proposal 3: For short sporadic connection, a single validity timer of UL synchronization for both common TA and satellite ephemeris should be supported.
[bookmark: _GoBack]
Conclusion
As summary, we have the following proposals.
Proposal 1: Inserting a gap between adjacent segments (N time units) to avoid the overlap of segments for long PUSCH should be supported.
Proposal 2: Inserting a gap between adjacent segments (N time units) to avoid the overlap of segments for long PRACH should be supported.
Proposal 3: For short sporadic connection, a single validity timer of UL synchronization for both common TA and satellite ephemeris should be supported.
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