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In TR 38.821 [1], the timing relationship in the DL and UL frame timing are introduced. One obvious difference about timing relationship between Non-Terrestrial Network (NTN) and terrestrial network is the simultaneous presence of a very large propagation delay (up to hundreds of milliseconds) and fast variation of propagation delay due to fast moving of (LEO) satellites. In order to make system working well, some solutions and specification changes should be considered.
In this contribution, several issues related to timing relationship and enhancements are discussed. Potential problems and solutions are presented as well.
Discussion 
0. UL transmission timing for NTN 
The propagation delays in terrestrial mobile systems are usually less than 1 ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the space-borne or air-borne platforms and payload type in NTN. Dealing with such long propagation delays requires modifications of many timing aspects in NR from physical layer to higher layers, including the timing advance (TA) mechanism. 
There are two types of TA mechanisms in NTN described in TR 38.821. Figure 1 illustrates a scenario, where the UE applies a large TA and gNB’s DL and UL frame timing are aligned. Another solution proposed does not need the alignment between gNB’s DL and UL frame, illustrated in Figure 2, where UE applies a UE specific differential TA and a common TA offset in the gNB’s DL and UL frame timing exists.
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Figure 1: An illustration of TA in NTN with the UE’s DL and UL frame timing aligned. 
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Figure 2: An illustration of TA in NTN without the UE’s DL and UL frame timing aligned.

Main difference of two schemes is that one common part of TA is compensated by the UE or by the network. Figure 1 is linked to UE specific differential TA compensation at UE side, and figure 2 is linked to full TA compensation at UE side. For the pros and cons, more details are presented below.
· Technical implementation difference of Full TA and UE-specific differential TA
Based on NTN WID[2], transparent payload is assumed as main scenario. Therefore, the whole propagation delay includes the service link part and feeder link part. Since GNSS capability and UE autonomous timing compensation capability are pre-conditioned, as the consequence, the service link TA can be compensated by the UE, but the only controversial part is how to compensate the feeder link part.
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Figure 3: Common reference TA and UE specific differential TA calculation

1) Full TA compensation
As shown in the in Figure 3, full TA=2*(d1+d0_F)/c, c is the speed of light. Based on the assumption of UE with GNSS capability, the TA for service link part can be calculated based on the UE location and satellite ephemeris, while the TA for feeder link part will be indicated by the gNB. Due to unknown Gateway position, UE is hard to track distance variation of the feeder link. Possible solution is to enable timing information indication of feeder link to help UE’s TA calculation; however, frequent indication will increase signaling overhead and complicate UE behavior. 
2) UE-specific differential TA
Compared with the full-TA mode, the UE only needs to compensate for the differential TA, which reduces UE effort. As shown in the figure 3, the differential TA is equal to 2*(d1-d0)/c, and the common TA is equal to 2*(d0+d0_F)/c. A reference point is used to split the common TA and UE specific differential TA. In this method, gNB will compensate the common part TA, based on the position information of reference point, satellite and Gateway. Considering the implementation flexibility, reference point can be set in the satellite or on the earth. If reference point is in the satellite, UE is only required to compensate the service link TA, and gNB compensates the feeder link TA.  

· Pros and cons of Full TA and UE-specific differential TA
If using full TA compensation, network will save the efforts to maintain the TA, but it has to send frequency signaling to help UE to adjust TA. Consequently, it would increase UE efforts, because UE has to track the TA change of feeder link.
The outstanding drawbacks of full TA may include:
· UE will have to compensate the TA of feeder link, but without accurate information of feeder link delay.
· gNB owns GNSS capability and ephemeris information, but it doesn’t get full utilization in TA compensation.
· Network is required to indicate propagation delay information of feeder link, which will increase larger overhead.

Proposal 1: Compensation of UE-specific differential TA only should be used.

0. Scheduling offset indication
In 3GPP TR 38.821 [1], the existing timing definitions involving DL-UL timing interaction may not hold when there is a large offset in the UE's DL and UL frame timing in NTN. Thus, the timing relationships need to be enhanced.
The PDSCH reception timing is defined solely from DL timing perspective. It is not impacted by the large offset in the UE’s DL and UL frame timing and thus enhancement is not needed.
The other timing relationships involve DL-UL timing interaction and thus need to be enhanced for NTN. The enhancement is to introduce an offset , which can be indicated with msec or with slots. Applying corresponding offset will be able to maintain relevant timing relationships. The offset  which indicates in msec can be used for different sub-carrier configurations without additional modification.
Regarding the  indication, there will have different methods. If RRC signaling is used, the network side needs to monitor TA change of each user in one cell, as a result, the signalling overhead and implementation efforts would be one big burden. In addition, considering the movement of the LEO satellite,  notified by RRC signaling needs to be updated quickly and additional complexity is out of control. gNB is required to get full TA information for massive users and maintain scheduling offset under fast satellite moving.
[bookmark: _GoBack]To reduce signaling overhead, should be notified within per-beam/per-cell based on the SIB. For example,  can be associated with maximum RTT for full TA compensation, while for UE specific TA compensation,  is associated with maximum UE differential TA.
Proposal 2: The values of  can be notified within per-beam/per-cell based on the SIB.

Conclusion
In this contribution we analyzed timing relationship issues in NTN, especially on the comparison of full TA compensation and UE-specific differential TA compensation. 
We proposed:  
Proposal 1:  Compensation of UE-specific differential TA only should be used.
Proposal 2:  The values of  should be notified within per-beam/per-cell based on the SIB.
References
[1] [bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP, TR 38.321 Solutions for NR to support non-terrestrial networks (NTN)
[2] RP-193234, Solutions for NR to support non-terrestrial networks (NTN)

e 
image3.png
d1=d04delta

Reference pol

{ Gateway

UE ~

UE specific differential TA= 2* (d1-d0)/c
Common reference TA= 2*(d0+dO_F)/c




image1.png
TA

gNBU





image2.jpeg
gNanL.II ]IIHIIHIIHlll

Deluy

UEDLITA.JIIHIIHIHHIIHI
UEUL.\IIHII[HIIHIIHI

Delay

-.—..
ENBUL!IIHIIHII.!IHIII\

NB DL-UL frame timing shift





