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1 Introduction

During RAN2 #112e meeting, the issue relating to TA pre-compensation was discussed. In this contribution, we will address the remaining issues related to TA pre-compensation.
2 Discussion
2.1 Common timing offset
In RAN1 #103 meeting, RAN1 had the following agreements:

	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:
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Where:
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is derived from the User specific TA self-estimation
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 is derived at least from the common timing offset value if broadcasted by the network. The granularity of [image: image7.png]
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 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.
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depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
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 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.


As we can see from the agreements, network will broadcast a common timing offset value, which will be used for the calculation of TA. And UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A. The reason for this is that part of the common TA may be compensated by network, and UE only compensates the rest of the common TA.
Currently, the details of common timing offset value in RAN1 are FFS, RAN2 may need to provide views on this before RAN1 finalizing it. 
In last RAN2 meeting, RAN2 had the following agreements:

	Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT.


Given that UE-gNB TA is important for RAN2 to calculate offset for RA timers and DRX timer, etc., the network should not only broadcast the part of common timing offset compensated by UE, but also broadcast the part of common timing offset compensated by network. 

Proposal 1: Network broadcast a common timing offset, from which the part of common timing offset compensated by UE, and the full common timing offset can be derived.
2.2 TA adjustment
As the satellite moves, the RTT between the UE and the satellite and between the satellite and the gNB will change. The change rate of the two part is similar. 
For the common timing offset, according to table 7.2.1.1.1.2-4 in TR 38.821, the maximum TA adjustment the gNB can handle for initial access is 2ms for 15KHz SCS, 0.5ms for 60KHz SCS, and 0.15ms for 240KHz SCS. For 240KHz SCS case, it means that gNB needs to update SIB every 3.4 second. To avoid frequent TA update signalling, RAN1 had discussed about the necessary of common timing drift rate, but there is no conclusion on this. From RAN2 point of view, it is necessary for network to broadcast a common timing drift rate. UE can autonomously update the common timing offset based on the drift rate without network signalling. It can also help to save UE power for acquiring the SIB.
For the RTT between the UE and the satellite, as shown in Table 7.1-1 in TR38.821, the Maximum Delay variation (RTT) is up to +/- 40 us/sec for LEO 600km altitude and 50~1000 beam foot print diameter. The satellite speed is 7.56 km per second. According to the Table 7.2.1.1.1.2-5f in TR38.821, the maximum TA adjustment the gNB can handle is 17us for 15kHz SCS, 4us for 60kHz SCS, and 1us for 240kHz SCS. For the last case, it means that gNB has to send a TA command every 25ms. It consumes signalling a lot. From RAN2 point of view, since UE can estimate the timing drift rate of the RTT based on the UE location and satellite ephemeris, it would be better for UE to autonomously update UE specific TA update to reduce the need for network to send TA command frequently. In this case, to avoid TAT expire, network can configure an infinity value for TAT. 
Proposal 2: Network provides a common timing drift rate for the common timing offset.

Proposal 3: Support UE autonomous TA adjustment for UE specific TA.
In last RAN2 meeting, regarding the ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow, the following two options were discussed:

Option 1: UE-gNB RTT estimated from Msg1/MsgA transmission;

Option 2:
 Based on DL timing (e.g. downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PRACH occasion where msg1/MsgA was transmitted);
And RAN2 had the following agreement:

	RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.


For ra-ContentionResolutionTimer case, the two options assume to use the UE-gNB RTT when Msg1/MsgA was sent. However, the UE-gNB RTT would change during UE sends Msg1 and receives Msg4. If UE autonomous TA adjustment is supported, UE can autonomously use the updated RTT at the time of receiving Msg4.
Proposal: For ra-ContentionResolutionTimer, if UE autonomous TA adjustment is supported, UE can autonomously use the latest RTT at the time of receiving Msg4. 
2.3 When to re-calculate TA

TA pre-compensation is applied to Msg1/MsgA for initial access. After the TA calculation based on the RAN1 agreed formula, UE would update the calculated TA based on network TA command or UE autonomous TA adjustment. As there might be RACH procedure triggered by different cases after initial access, it is unclear in which cases UE needs to re-calculate TA based on the RAN1 agreed formula, and in which cases UE just needs to use the updated TA based on TA command or UE autonomous TA adjustment. In our understanding, UE knows whether the current TA is valid or not (e.g. based TAT timer). If the maintained TA is valid, UE just use this TA for sending Msg1/MsgA. If the maintained TA is not valid, UE re-calculates TA for Msg1/MsgA.
Proposal: Whether UE re-calculates TA or uses maintained TA for Msg1/MsgA transmission depends on whether the maintained TA is valid or not.
2.4 TA pre-compensation for HAPS/ATG case
According to the NTN WID, enhancements for NTN should also cover HAPS and ATG(Air to Ground) case. For HAPS, TR38.821[1] lists its characteristics in table below:
Table 4.1-1: Types of NTN platforms

	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 1000 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 1000 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 3500 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 3500 km


As marked in yellow, for HAPS, the altitude is around 20km with 5-200km beam footprint size. Then, the maximum distance difference would be around 100-20 = 80km, which can only be covered by preamble format 1 (the CP length can cover 100km cell radius). The preamble format with the second largest CP length is preamble format 2, which can over 25km cell radius. The drawback of preamble format 1 is that it is 2.3ms long, there are only 3 subframes in 10ms that preamble can be transmitted, limiting the number of RO. 
Observation:  For HAPS, current preamble format 1 can absorb the maximum time difference. However, preamble format 1 can only provide limited ROs (3 subframes per frame).

For HAPS, the orbit is stationary relative to earth, which means no frequency compensation for satellite movement is needed. However, the SCS of preamble format 1 is only 1.25kHz (corresponding maximum supported doppler shift is 2*SCS = 2.5kHz), it may not be able to support high speed UE (e.g. 500km/h) at frequency band higher than 6GHz due to large doppler shift(2.8kHz doppler shift for 6GHz frequency band and UE speed 500km/h).
From mobility point of view, location based cell selection/reselection/HO need to be considered for HAPS, which means UE needs to know the distance between the UE and the reference point of HAPS. Then, UE can easily perform UE specific TA pre-compensation based on the distance.
In sum, for HAPS, although current preamble format 1 can support the maximum differential delay, it would result in limited ROs and can not support high speed UE. UE specific TA pre-compensation can solve the problem with little additional requirement since UE anyway needs to acquire the distance between UE and reference point of HAPS for mobility purpose.
For ATG, there is no characteristics captured in TR38.821. As explained in RP-201629[1], ATG terminal is a special UE, aircraft to ATG gNB uses 5G air interface, and aircraft to passengers uses WiFi interface. The link between ATG and gNB is considered as service link. The cell size could be as large as 300km(diameter), and the flight speed could be up to 1200km/h [3].
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Figure 1 ATG scenario [2]
300km cell diameter cannot be supported by current preamble format as the maximum supported cell diameter is no large than 200km. UE specific TA pre-compensation can be used to solve the problem. And 1200km/h speed can result in very large doppler shift, which may be out of tracking ability. Frequency pre-compensation may be needed.
Proposal 4: A common UE specific pre-compensation solution is applied for GEO/LEO/HAPS/ATG case.
3 Conclusions  

Proposal 1: Network broadcast a common timing offset, from which the part of common timing offset compensated by UE, and the full common timing offset can be derived.
Proposal 2: Network provides a common timing drift rate for the common timing offset.

Proposal 3: Support UE autonomous TA adjustment.
Proposal 4: A common UE specific pre-compensation solution is applied for GEO/LEO/HAPS/ATG case.
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