3GPP TSG RAN WG1 #110	R1-2206178
Meeting, August 22nd – August 26th, 2022 (Toulouse)

Source:	Panasonic
Title: 	Maintenance on Solutions for NR to support non-terrestrial networks (NTN)
Agenda Item:		8.4 
Document for:	Discussion and decision
Introduction
The work item on Non Terrestrial Networks (NTN) [1] is considered. We discuss remaining issues for the maintenance on Solutions for NR to support non-terrestrial networks (NTN). 
UE behaviour w.r.t Validity timer expiry
The FL recommendation on UE behaviour w.r.t Validity timer expiry (R1-2205489, [2]) is as follows. Section 2.1 and 2.2 describes the inputs for each bullet points raised by FL. Section 2.3 discusses the UE behaviour related to availability on new satellite assistance information.
	 
Companies are encouraged to provide inputs to RAN1#110 meeting on the following issues/questions:
 
· Whether backward propagation of the orbit and Common TA (or ) can be supported?
· If indicated explicitly by SFN and subframe number, EpochTime is:
· Option 1: in the future when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡 ≤ EpochTime.
· Option 2:  in the past when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime < 𝑡.
· Option 3: in the past or in the future when UE reads the SIB19 or dedicated RRC signaling at time t where EpochTime <𝑡 or 𝑡 ≤ EpochTime.
What would be the appropriate Option?
It would be helpful to consider the RAN2 discussions/agreements when relevant. Latest RAN2 agreements (RAN2 RAN2-118-e - R17 NTN-REDCAP-CE_2022_05_xx) could be found in:
https://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_118-e/Inbox/Chairs_Notes/ 


On backward propagation of orbit and common TA
The following claim is made in R1-2204660 [3]: If the network indicates ephemeris with an Epoch time in the future, UE can propagate the satellite orbit both backward and forward from this point, and the useful period of the received ephemeris will be significantly longer than with an Epoch time in the past. This benefits both network and UE without significant cost.
We understand that this claim is made in connection with the satellite ephemeris and that common TA and orbit prediction should be considered separately.
Firstly, for Common TA, we think that the placement of epoch time relative to the validity duration has no effect whatsever on the attainable maximum approximation error, if common TA is designed based on the minimax principle, i.e. the maximum approximation error during the validity duration is minimized so that longer validity duration can be used. In other words, given the minimax principle, placement of epoch time has no effect on the achievable validity duration itself. The attainable maximum approximation error is soley determined by the validity duration, not by placement of epoch time.
Secondly, for orbit prediction, the idea is that at epoch time the prediction error is minimal and then increases backwards and forwards from epoch time. We have taken a look at a very simple model for verifying this idea. 
Consider a linear path  with constant speed  and starting position  between the time interval (validity duration)  Epoch  time is denoted as .Consider the same path with estimated parameters  and , . Consider further that the parameters  and  are known approximately up to an error,  and . We see that the estimated path equals the reference path plus an error signal . The error signal has variance . 
· If epoch time is set at the beginning of the validity duration (), then the largest error variance appears at the end of the validity duration  with 
· If epoch time is set in the middle of the validity duration () ), then the largest error variance appears at the beginning and the end of the validity duration  and  with 
For this simplified model, one can expect indeed a smaller prediction error by placing epoch time in the center of the validity duration. By analogy, we think that the same benefit can be expected for the more intricate problem of prediciting an orbit. Before jumping to a conclusion, however, please take note of the observation in R1-2111122 [4] that the position error () is dominant and by a factor 1000 larger than the velocity error ().

	From R1-2111122 [4]:

Observation 8. As a rule of thumb, it can be assumed that there is a factor of 1000 between the position error (in m) and the velocity error (in m/s). This is important to keep in mind when allocating an error budget for satellite position and velocity estimations.



Incidentally, the factor which mostly benefits from placing epoch time in the center of the validity duration (the velocity error) is naturally much less error-prone than the factor which is anyway unaffected by it (the position error).  In our view, the potential benefit of backward propagation is limited and does not justify departing from earlier agreements in RAN1. Here, we would like to point to the agreement from RAN1#106bis-e, that epoch time marks the beginning of the validity duration:
	Agreement (RAN1#106bis-e):
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e., serving satellite ephemeris data).



Proposal 1: We propose to not support backward propagation for satellite ephemeris and common TA.
Placement of explicitly indicated epoch time relative to SIB19
In our understanding, new assistance information should take effect at epoch time and should be valid during the new validity period. For explicit indication of epoch time, the assistance information in SIB19 or dedicated RRC signaling would always be valid instantly if epoch time is agreed to be in the past of SIB19 or dedicated RRC signaling transmission. The only downside of setting epoch time in the past is that the validity duration may be slightly reduced. We think that it is acceptable compared to the network access delay for initial access or handover.
Proposal 2: If indicated explicitly by SFN and subframe number, epoch time t_epoch is in the past when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡_𝑒𝑝𝑜𝑐ℎ ≤𝑡 (option 2).
On availability of new satellite assistance information
During RAN1#107-e and RAN1#108-e, it was agreed to provide for implicit and explicit indication of epoch time:
	Agreement:
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when Epoch time is not explicitly indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the NTN-specific SIB SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.


The normal operation of an NR-NTN system follows as illustrated in Figure 3 from R1-2202908 ([5], copied below). Here, while a first validity duration is active, UE receives a new SIB-NTN (=SIB19 in the latest draft of TS 38.331 [10]) and new assistance information located within the SI-window. UE derives epoch time from the end of the SI-window, at which point in time also the new assistance information takes effect, and the second validity duration starts. 
Note that in R1-2202908 [5], additional cases were considered: 
· Case 1: New assistance information is not available before expiry of the UL validity timer
· Case 2: New assistance information is available but not within the associated validity duration
The description of "available", "not available" are ambiguous caused by the sender or the receiver. We should distinguish above two cases separately. Case 1a and case 2a are caused by the configuration of the network. Case 1b and 2b are caused by the radio channel conditions.
· Case 1a: New assistance information is not sent before expiry of the UL validity timer
· Case 1b: New assistance information is not received before expiry of the UL validity timer
· Case 2a: New assistance information is sent outside the associated validity duration
· Case 2b: New assistance information is is sent within the associated validity duration, but it is not received.
For case 1a and 2a, these are just badly configured operation. UE can expect such wrong configuration should not happen. The proper network configuration is new assistance information is available before the expiry validity duration given by the previous assistance information. TS 38.331 section 12 describes processing delay requirements for RRC procedures. Although there is no description on SIB reception, the order of the RRC processing delay is 10 to 16 ms. If new assistance information is received just before the expiry of the previous information, during the RRC processing delay of the decoding, old assistance information cannot be used. 
We also noted the following agreement from the recent RAN2-meeting #118-e [6]: “If the UE acquires SIB19 before validity timer expiry, there is no need for the UE to suspend or stop the validity timer.” This agreement is lacking precision, since nothing is stated with regards to the epoch time of the newly acquired SIB19 and the end of the currently active validity timer. Our sense from the meeting minutes is that most companies agree that network should not broadcast two epoch times with a time gap larger than the validity duration.
Therefore, we propose the following:
Proposal 3: UE may expect that new assistance information is given by the NTN-specific SIB19 [xx] seconds earlier than the expiry validity duration given by the previous assistance information.
· FFS: options for [xx] are 1 sec, 100 ms, 10 ms, or the RRC processing delay. Or it can be defined within RAN4.
For case 1b and 2b, in RAN1#106bis-e, “The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e., serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration. FFS: details on how to acquire new or additional assistance information” was agreed. Therefore, our view is, if the situation of case 1b or 2b happens at UE, it should be same as lost uplink synchronization. In general, UE is not able to identify to lost uplink synchronization, but this case is able to identify by UE because of the UL validity timer and validity duration. We propose not to transmit anything when new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
Proposal 4: UE stops the transmission if new or additional assistance information is not received within the associated validity duration.  
	[image: Timeline
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Figure 3 (from R1-2202098): Case 3: New assistance information is available before expiry of the UL validity timer



Maintenance on TACommonDriftVariation value range
For GEO-satellites, the following granularity and value ranges for common TA parameters were agreed during RAN1#107-e. 
Agreement
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity, and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   … +-53.33 ) 
	
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 )
	
	15 bits

	· Value ranges are given in unit of corresponding granularity



However, MediaTek and Inmarsat observed during simulations that TACommonDriftVariation (equivalent to acceleration) may need to become negative. In our understanding, an issue may indeed exist for geosynchronous satellites which have an inclined orbit towards the Earth’s equator, or which have a small eccentricity or both. The ground track of such a geosynchronous satellite resembles a figure 8 (also called “analemma”) and the corresponding common TA between gateway and satellite indeed shows negative TACommonDriftVariation over the course of one day. The reason for RAN1 to miss that phenomenon until recently is likely that the focus for most companies was on geostationary satellites, for which this problem does not exist. 
The latest proposal from FL-summary R1-2205489 [2] is:
	Updated Proposal 03- v03:
NTACommonDriftVariation is indicated in case of GEO based NTN with a new range and granularity to avoid significant quantization loss. 
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-4 ns/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits
Note: UE implementation can determine the orbit from the ephemeris on SIB19.




Based on the same assumption as in R1-2204660 [4] (circular and inclined geosynchronous orbit), we can confirm that for highly inclined geosynchronous orbits, TACommonDriftVariation ranges between  ns/s2.  
	[image: ]
Figure 1: Minimum and maximum TACommonDriftVariation for various geosynchronous orbit inclinations and gateway at latitude 0° 



To assess the required granularity for TACommonDriftVariation, we have evaluated the following scenario (see also R1-2204660 [4]): GEO satellite with 10° inclination angle and a gateway at latitude 60° N and a UE at the equator (latitude 0°). Figure 2 shows the 99th percentile of the RTT approximation error for unquantized and quantized coefficients of the TA common polynomial. As two reference points, 10% of the Cyclic Prefix duration (10% of 144*64*Tc/2u) for 15 kHz and 120 kHz SCS are shown as solid black and solid gray lines.
We can confirm that linear approximation (solid blue diamond line, “unquantized, order=1”) yields large errors quickly and is thus insufficient for larger validity durations, as is expected. On the other hand, quadratic approximation (solid orange diamond line, “unquantized, order=2”) maintains an error which is small enough to fall below the stringent 120kHz CP reference line. In passing we note that if the quantization of the quadratic term is chosen too coarse, then quadratic approximation becomes worse than linear approximation (compare the dashed blue line and the solid blue line).
Regarding the quantization level, other contributions propose to use 2*1e-4 ns/s2 (=2*1e-7 us/s2). In our setup this value still violates the CP (see red dashed line). If we decrease the granularity level to 6*1e-5 ns/s2 (=6*1e-8 us/s2) we stay under the error limit. The attainable range for this granularity at 15 bits is +/-0.98304 ns/s2. It is sufficiently large for all GEO scenarios.
	[image: ]
Figure 2: RTT approximation error vs Validity duration



Proposal 5: Support negative TACommonDriftVariation values for GEO. NTACommonDriftVariation is indicated in case of GEO based NTN with a new range and granularity to avoid significant quantization loss. 
· TACommonDriftVariation with granularity 6*1e-5 ns/s2 and range +/-0.983 ns/s2, bits allocation 15 bits
Note: UE implementation can determine the orbit from the ephemeris on SIB19.
Conclusion
In this contribution, we discussed issues on UL timing and frequency synchronization for NTN. In summary, we propose the following:
Proposal 1: We propose to not support backward propagation for satellite ephemeris and common TA.
Proposal 2: If indicated explicitly by SFN and subframe number, epoch time t_epoch is in the past when UE reads the SIB19 or dedicated RRC signaling at time t where 𝑡_𝑒𝑝𝑜𝑐ℎ ≤𝑡 (option 2).
Proposal 3: UE may expect that new assistance information is given by the NTN-specific SIB19 [xx] seconds earlier than the expiry validity duration given by the previous assistance information.
· FFS: options for [xx] are 1 sec, 100 ms, 10 ms, or the RRC processing delay. Or it can be defined within RAN4.
Proposal 4: UE stops the transmission if new or additional assistance information is not received within the associated validity duration.  
Proposal 5: Support negative TACommonDriftVariation values for GEO. NTACommonDriftVariation is indicated in case of GEO based NTN with a new range and granularity to avoid significant quantization loss. 
· TACommonDriftVariation with granularity 6*1e-5 ns/s2 and range +/-0.983 ns/s2, bits allocation 15 bits
Note: UE implementation can determine the orbit from the ephemeris on SIB19.
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