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1. Introduction

In [1], the remaining open issues for the prediction of discontinuous coverage in IoT-NTN are listed as following.

Prediction of discontinuous coverage: 

-
Address the FFS regarding signalled ephemeris type (FFS if two, three of four types and the details on semantics).

-
Address the FFS whether epoch time could be optional and be implicitly derived when not provided. 

-
Address the FFS whether in addition to BCCH provide the option to share the information by dedicated RRC signalling, 

-
Address the FFS whether anything need to be specified for AS-NAS interaction while the UE is out of coverage. 

-
If time allows, address the open issue on an additional parameter for further enhanced spatial coverage prediction (like satellite footprint reference point on ground, satellite coverage radius)

-
Parameters for prediction of discontinuous coverage and handling of the new SIB
In this contribution, we discuss the issue on the system information for prediction of discontinuous coverage, i.e., SIB32/SIB32-NB. 
2. Discussion 
In RAN2#116bis-e and RAN2#117-e meetings, the following agreements were made.

· [RAN2#116bis-e] The contents of the ephemeris / assistance info for non-continuous coverage:

Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1). 

· [RAN2#117-e] RAN2 assumes that for Discontinuous Coverage, network can signal mean ephemeris parameters (for neighbours and potentially serving satellite for coverage prediction purpose), using the same (already introduced) ephemeris format. UE can always assume these are mean values and It is up to the network implementation to derive this mean value (and any trade-off between instantaneous and mean values if needed). FFS whether additional assumptions (like averaging time) need to be clarified, e.g. to have predictable performance.

In the current draft RRC spec, orbital parameters agreed for serving cell are reused in SIB32, and it is assumed that the ephemeris format can also be used for mean ephemeris parameters. Note that the current SIB32 only include the six orbital parameters without the epoch time, i.e. (1) semi-major axis, (2) eccentricity, (3) argument of periapsis, (4) longitude of the ascending node, (5) inclination, (6) mean anomaly at epoch time. In our understanding, no matter what kind of ephemeris information (e.g., instantaneous orbital elements or mean orbital elements) is used, epoch time is always needed. Whether epoch time could be implicitly derived when not provided is still FFS.
As mentioned by the satellite operators in R2-2203860 [2], the typical validity duration of the satellite ephemeris for prediction of discontinuous coverage is expected in the order of a few hours or days, even of a few weeks. Compared with the ephemeris information for accessing the serving cell in SIB31, the ephemeris information in SIB32 is expected to update infrequently.

Observation 1 Compared with the ephemeris information for accessing the serving cell in SIB31, the ephemeris information in SIB32 is expected to update infrequently. The typical validity duration is expected in the order of a few hours or days, even of a few weeks.
Regarding how to indicate the epoch time, there are two kinds of options:
· Option 1: adopt the same approach as for SIB 31, e.g. implicit or explicit (using SFN and subframe number) epoch time 

· Option 2: Introduce a new explicit epoch time (e.g. using UTC time or “32-bit EPOCH”)

For the implicit epoch time approach of Option 1, epoch time is not transmitted in SIB32, and it is assumed to be the time that the SIB is received, i.e., UE uses the starting time of the DL subframe corresponding to the end of the SI window during which the SI message carrying SIB32 is transmitted. In this case, the epoch time is various for the SIB32 broadcasted in different SI window. Therefore, the broadcasted six ephemeris orbital parameters need to be updated in every SI window in order to match the change of the epoch time, even for mean orbital parameters. For the explicit epoch time approach of Option 1, the epoch time using SFN and subframe number is transmitted in SIB32. Since the period of SFN is 10.24s, eNB still needs to update the broadcasted six ephemeris orbital parameters and epoch time every 10.24s in order to avoid the ambiguity of epoch time.
Observation 2 For implicit epoch time, the update period of the ephemeris parameters broadcasted in eNB is in the order of SI windows, which is too frequent.

Observation 3 For explicit epoch time using SFN and subframe number, the update period of the ephemeris parameters and epoch time broadcasted in eNB still needs to be less than 10.24s.
Even for explicit epoch time of Option 1, the update period of the ephemeris parameters broadcasted in eNB is still far shorter than the expected typical validity duration of the satellite ephemeris for prediction of discontinuous coverage. In order to avoid unnecessary system information modification overhead, epoch time and the six ephemeris orbital parameters should not affect the system information value tag and not trigger the legacy system information modification procedure. In this case, UE autonomously obtains the related ephemeris orbital parameters and epoch time broadcasted in SIB32. Regarding how to trigger re-read of this information, validity duration needs to be broadcasted to UE as part of the SIB32.

Observation 4 For Option 1, UE autonomously obtains the related ephemeris orbital parameters and epoch time broadcasted in SIB32 due to the frequent update of ephemeris parameters and epoch time.
For Option 2, as stated by satellite operators in R2-2203860 [2], a new epoch time is broadcasted in SIB32 explicitly. The epoch time could use the absolute time or have the period comparable to the expected typical validity duration of the satellite ephemeris for prediction of discontinuous coverage, e.g. the “32-bit EPOCH (4 byte)” in R2-2203860 [2] or the UTC time. In this case, the epoch time as well as the ephemeris orbital parameters does not have to be updated frequently from the eNB side. However, from the UE side, if relying the legacy SI modification procedure, when the eNB pages UE for SI modification to update the expired ephemeris orbital parameters and epoch time, UE may have already left the coverage of this eNB and cannot update the related ephemeris orbital parameters and epoch time, since an earth-moving cell usually has very short service time for a certain UE. In our understanding, the validity duration for Option 2 is still needed, and UE autonomously obtains the related ephemeris orbital parameters and epoch time broadcasted in SIB32. For Option 2, the drawback is the size of epoch time is larger, which would lead to payload overhead of SIB32.

Observation 5 For Option 2, the ephemeris orbital parameters as well as the epoch time does not have to be updated in eNB frequently.
Observation 6 For Option 2, UE still needs to autonomously obtain the related ephemeris orbital parameters and epoch time broadcasted in SIB32 due to the short service time of an earth moving cell.

Hence, in our understanding, the differences between Option 1 and Option 2 are whether eNB has to update the broadcasted SIB32 frequently or not, and the size of epoch time.
Proposal 1 RAN2 to discuss the following options on how to indicate the epoch time:

· Option 1: adopt the same approach as for SIB31, e.g. implicit or explicit (using SFN and subframe)
· Option 2: Introduce a new explicit epoch time (e.g. using UTC time or “32-bit EPOCH”)
Proposal 2 For both Option 1 and 2, the ephemeris orbital parameters and epoch time in SIB32 do not affect the system information value tag and not trigger the legacy system information modification procedure.

3. Conclusion
Based on the discussion above, we made the following observations:

Observation 1 Compared with the ephemeris information for accessing the serving cell in SIB31, the ephemeris information in SIB32 is expected to update infrequently. The typical validity duration is expected in the order of a few hours or days, even of a few weeks.
Observation 2 For implicit epoch time, the update period of the ephemeris parameters broadcasted in eNB is in the order of SI windows, which is too frequent.

Observation 3 For explicit epoch time using SFN and subframe number, the update period of the ephemeris parameters and epoch time broadcasted in eNB still needs to be less than 10.24s.
Observation 4 For Option 1, UE autonomously obtains the related ephemeris orbital parameters and epoch time broadcasted in SIB32 due to the frequent update of ephemeris parameters and epoch time.

Observation 5 For Option 2, the ephemeris orbital parameters as well as the epoch time does not have to be updated in eNB frequently.
Observation 6 For Option 2, UE still needs to autonomously obtain the related ephemeris orbital parameters and epoch time broadcasted in SIB32 due to the short service time of an earth moving cell.

Based on the discussion above, we give the following proposals:

Proposal 1 RAN2 to discuss the following options on how to indicate the epoch time:

· Option 1: adopt the same approach as for SIB31, e.g. implicit or explicit (using SFN and subframe)

· Option 2: Introduce a new explicit epoch time (e.g. using UTC time or “32-bit EPOCH”)
Proposal 2 For both Option 1 and 2, the ephemeris orbital parameters and epoch time in SIB32 do not affect the system information value tag and not trigger the legacy system information modification procedure.
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