
Page 1

3GPP TSG RAN WG1 103-e                                                                 R1-2008990
e-Meeting, October 26th – November 13th, 2020

Source: 	Intel Corporation
Title:	On UL time and frequency synchronization for NTN
Agenda item:	8.4.2
Document for:	Discussion and Decision

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 NR NTN WI aims to specify the 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 the 3GPP TR 38.821 [2] there are some issues to support NTN with 5G NR due to long propagation delays, large Doppler effects, and moving cells. One of the main challenges for NTN to operate is UL time and frequency synchronization. In this contribution aspects related to UL time and frequency synchronization are discussed considering principles identified in [1]. 
2. Discussion
[bookmark: _Hlk46143435]Due to large distance and velocity values of NTN, UL signal (e.g. PRACH) at the gNB receiver may experience large time shift and frequency offset. For service link value of the time shift is determined by the distance between the UE and the satellite, value of the frequency offset is determined by the relative radial speed of the UE and the satellite. Since there are multiple UEs served by a single beam from the satellite, the values of the time shift and frequency offset for a UE can be represented as sum of the beam-specific (or cell-specific) part and UE-specific part. The exact values of beam-specific time and frequency offset can be defined in different way (e.g. depending on the location of the reference point (RP) for beam-specific time shift and frequency offset calculation). Beam-specific and UE-specific time and frequency offset determination is schematically represented in figure 1.


Figure 1. Beam-specific and UE-specific time shift and frequency offset determination
DL synchronization procedure may be more complex for NTN comparing to terrestrial networks due to larger frequency uncertainty. This frequency uncertainty and UE complexity for DL synchronisation can be reduced by applying pre-compensation of beam-specific or cell-specific frequency offset for DL transmission at the gNB side. Such possibility for beam-specific or cell-specific frequency offset pre-compensation for DL should be considered for UL synchronization to avoid potential misalignment of UL carrier frequency expected at the gNB receiver. 
For the UEs with pre-compensation of time and frequency offset for UL transmission it is assumed that UE synchronises internal clock to received DL carrier frequency measured from DL synchronization signals. For UL transmission such UEs applies additional frequency offset which corresponds to the projection of satellite velocity to UE-satellite direction. Frequency diagram for this case is schematically represented in the below figure. 


Figure 2. Frequency diagram assuming pre-compensation of frequency offset at the UE and compensation of common (beam-specific or cell-specific) frequency offset at the gNB
As it can be seen from the above figure, for the case where pre-compensation of frequency offset is done at the UE and compensation of common (beam-specific or cell-specific) frequency offset is done at the gNB the UL carrier frequency at the gNB receiver is aligned with the expected value. Thus, indication of frequency offset value pre-compensated for DL transmission at the gNB side is not needed for UL synchronisation. 
Observation 1: 
· Compensation of common frequency offset for DL transmission can be done in order to decrease UE complexity for DL frequency synchronization
· Indication of frequency offset value pre-compensated for DL transmission at the gNB side is not needed for UL synchronization
[bookmark: _GoBack]Frequency shift due to signal propagation in feeder link can be fully compensated by the gateway or gNB without any impact on physical layer procedures. However, there is some impact from the feeder link propagation delay for MAC CE action timing which is discussed in our contribution [3]. For other physical layer procedures there is no impact from feeder link delay. For example, additional timing corresponding to feeder link delay is applied for PUSCH reception as it is illustrated in figure 3. This additional timing offset is known at the gNB and common for all the UEs, indication of the additional delay applied at the gNB is not needed.


Figure 3. Timing diagram for PUSCH transmission
According to TR38.821 [2], if it is assumed that UE is not capable for pre-compensation of timing and frequency offset, enhancements for PRACH, UL timing advance (TA) and UL frequency synchronisation are needed which require significant specification efforts. Thus, justification is needed to show that the support for UEs not capable of pre-compensation of timing and frequency offset is necessary.
From the system perspective, support of UEs without pre-compensation capabilities of timing and frequency offset requires significant changes in processing algorithms (e.g. PRACH receiver, UL timing and frequency offset maintenance). Moreover, support of such UEs require additional overhead since the time span of PRACH reception window should follow maximum differential delay value in the cell (up to 10.3 ms for GEO and 3.18 ms for LEO [2]). Considering feeder link switch, frequent handovers and large number of UEs in a cell for NTN, the performance of the system which supports UEs without pre-compensation capabilities is expected to be worse comparing to the system which supports only UEs with pre-compensation due to PRACH overhead and overhead for indication of timing and frequency offset values. 
Observation 2: 
· Support for UEs without pre-compensation of timing and frequency offset capabilities is not desirable from system performance perspective
Proposal 1:
· UEs without pre-compensation of time and frequency offset capabilities are not considered for the NTN WI
3. Conclusion
In this contribution aspects related to UL time and frequency synchronization were discussed. The following proposals and observations are made.
Observation 1: 
· Compensation of common frequency offset for DL transmission can be done in order to decrease UE complexity for DL frequency synchronization
· Indication of frequency offset value pre-compensated for DL transmission at the gNB side is not needed for UL synchronization
Observation 2: 
· Support for UEs without pre-compensation of timing and frequency offset capabilities is not desirable from system performance perspective
Proposal 1:
· UEs without pre-compensation of time and frequency offset capabilities are not considered for the NTN WI
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