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1. Introduction

In RAN#92 e-meeting, the WID of NB-IoT/eMTC support for Non-Terrestrial Networks has been approved [1]. One of the objectives is to support discontinuous coverage for IoT NTN. 

	Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

...
- Others:

-  Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;


In this contribution, we focus on the remaining issues caused by discontinuous coverage for NB-IoT/eMTC support for NTN.
2. Discussion 
2.1 Satellite Assistance and Coverage Prediction
In last RAN2#115 e-meeting, RAN2 has agreed to provide the satellite assistance information to UE in order to help UE predict coverage discontinuity. But there's a divergence about the content of the satellite assistance information. Some companies suggested to use NR-NTN agreements as the baseline. 
For reference, we list the NR-NTN agreements about the assistance information till RAN2#115 meeting as following: 
	Agreements (RAN2#113 meeting):

1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    

2. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  

Agreements:

1. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception

2. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

Agreements via email - from offline 108 (RAN2#115 meeting):

1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection

2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round (RAN2#115 meeting):

1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.

2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.

3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

Working Assumption (RAN2#115 meeting):

1. Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.


According to the above agreements, we can see in NR NTN, the ephemeris information and reference location of the cell have been agreed to be broadcast and used for the location assisted cell reselection, and for quasi-earth fixed cell, the timing information on when a cell is going to stop serving the area has been agreed to be broadcast and used for neighbour cell measurement.
For IoT NTN, RAN2 has also agreed that:

· Provisioning of ephemeris is essential.

· The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. 
However, we think these information are still not sufficient for UE to predict coverage discontinuity. 

Referring to some previous discussion, we understand that in order for UE to predict the coverage boundary with a certain accuracy, UE can assume an approximately circular coverage and then the reference location and the footprint size of cell together with the ephemeris information are necessary. Moreover, in order to determine the interruption between serving cell and the upcoming cell, those information of both the serving cell and neighbor cell are beneficial. 

Proposal 1a: The ephemeris information, the reference location and the footprint size of the cell could be broadcast to UE for predicting coverage discontinuity.
Moreover, for the special case, e.g. quasi-earth fixed case, the ending timing information of a cell has been agreed to be broadcast. But UE couldn’t determine the coverage gap between serving cell and the upcoming cell only via the ending timing of serving cell and the upcoming cell, and has to via ephemeris information, the reference location and the footprint size of the upcoming cell as proposal 1a. That bring with complexity. 
If the timing information about when a cell (neighbor cell) is going to start serving the area is also provided, UE could read the system information once and predict the coverage discontinuity directly. For the sake of power saving for IoT, this prediction method could be supported.

Proposal 1b: For the quasi-earth fixed case, the timing information on when a cell is going to start serving the area could also be broadcast to UE for predicting coverage discontinuity.

In last meeting, the UEs actions when predicted to be out of coverage has been discussed. But not much progress has been made, as below. For example, it’s still FFS whether to stop unnecessary cell search in the idle mode, FFS the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage. 

· The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 

· It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.

· RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.

Generally, the prediction about out-of-coverage may be effected by many factors, e.g., the prediction errors and the mobility of UE. Without adequate negotiation between UE and network, the prediction about the timing of the out-of-coverage area in UE may likely differs from that in network. As a result, the paging message may be lost when the network pages the UE. 
In last meeting, a LS has been sent to SA2 and CT1. In our understanding, SA2 and CT1 will evaluate the current procedure, e.g. paging, (e)DRX, PSM, and focus on the solutions to make sure UE keep in kind of dormant status when it is out of coverage and reachable when it is back in coverage. Unless required by SA2 or CT1, RAN2 may not consider specifying new additional UE behavior.
In RAN2, the straightforward solution is to reuse eDRX/PSM scheme. We think a possible way is that, UE and network can negotiate a timing that UE enters into or leaves the dormant status for eDRX/PSM and such timing is also aligned (maybe not exactly, but just approximately aligned) with the start or stop of the out-of-coverage. If UE is unreachable, based on the negotiation results, network could identify whether the UE is already in the out-of-coverage area and when the UE will be back. Then the network can decide when to page UE again. With this way, we also think no additional UE behavior need to be specified.
Proposal 2: In R17, no additional UE behavior need to be specified for support of discontinuous coverage.  

2.2 RRC procedure
In last meeting, the agreements for connected mode procedures in discontinuous coverage has been reached as following:
· Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.

· Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.

If a UE in RRC connected mode enters into the discontinuous coverage, it is highly possible that RLF occurs and then an RRC reestablishment procedure is triggered. According to the current TS 36.331, if a suitable cell couldn’t be detected during T301 (with value range from ms2500 to, ms10000), UE will enter into RRC idle mode. Therefore, under the discontinuous coverage, if T301 is too short, the continuous cell searching during the RRC reestablishment procedure couldn’t make UE find a suitable cell and therefore the probability to successfully re-establish RRC connection to a new satellite may be also very low. 

Observation 1: In the discontinuous coverage, it is highly possible that RLF occurs for UE in connected mode. If T301 is not long enough, the probability to successfully re-establish RRC connection may be very low.

According to the information provided by the operators in last meeting, we know that in a sparse LEO constellation including tens of satellites, the interval between satellites flyovers on certain UE location can be about an hour or a bit less. And for each flyover, the visibility durations would be very short, e.g., about hundreds of seconds. Such interval is the source of discontinuous coverage. Compared with such possible intervals, the current T301 value range looks not enough and need to be extended.

According to the agreements mentioned in section 2.1, it’s already possible for UE to predict discontinuous coverage. Such information could help UE to avoid the cell searching in the coverage hole and start the cell searching after the coverage is resumed. Therefore, another way to avoid the issue of short T301 would be to start T301 after coverage hole.

Proposal 3: In order to ensure sufficient time for cell detection and increase the probability of successful RRC connection reestablishment to a new satellite under the discontinuous coverage in IoT over NTN, it’s suggested to extend T301, or start T301 after coverage hole.

Furthermore, as eNB can also have knowledge about existence of coverage hole, we think it’s no need to maintain the RRC connection until the RLF occurs. Such RRC connection maintenance cannot guarantee the service QoS and is bad to the UE’s power saving. Therefore, another option may be to let eNB proactively release/suspend the UE before the RLF occurs. Later, if a suitable cell can be found, UE can setup/resume the connection as soon as possible and with less signaling. We think this is already allowed by eNB implementation.

Observation 2: In discontinuous coverage, eNB implementation can proactively release/suspend the UE before the RLF occurs.

Moreover, in order to help UE to find a new cell quickly, eNB can provide some assistance information about new cells in RRC release/suspend message (e.g., IdleModeMobilityControlInfo for eMTC, or RedirectedCarrierInfo for NB-IoT). Moreover, such assistance information can be constructed according to the location of UE in connected mode, the information related to coverage hole and the load of satellite etc., and then it could be more helpful to narrow down the cell searching range and in turn be good to UE power saving. 

Observation 3: eNB can provide some assistance information about new cells, via RRC release/suspend message.
One additional issue is that, such assistance information is only valid during a time period, e.g., for eMTC, IdleModeMobilityControlInfo is only valid if T320 (with value range of min5, min10, min20, min30, min60, min120, min180) is running, and for NB-IoT, RedirectedCarrierInfo is only valid if T322 (with value range of min5, min10, min20, min30, min60, min120, min180) is running. Once T320 or T322 expires, such cell reselection priority information provided by the idleModeMobilityControlInfo or RedirectedCarrierInfo would be discarded. In other word, if T320 or T322 is too short, UE couldn’t complete the cell searching based on such assistance information during T320 or T322. Possible ways for dealing with such issue may be also to extend the length of T320 or T322 or start T320 or T322 after coverage hole.

Proposal 4: For eMTC and NB-IoT over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, the related timers, e.g., T320 or T322 can be extended or started after coverage hole.  

3. Conclusion

Based on the discussion we make the following observations and proposals:

Observation 1: In the discontinuous coverage, it is highly possible that RLF occurs for UE in connected mode. If T301 is not long enough, the probability to successfully re-establish RRC connection may be very low.

Observation 2: In discontinuous coverage, eNB implementation can proactively release/suspend the UE before the RLF occurs.

Observation 3: eNB can provide some assistance information about new cells, via RRC release/suspend message.
Proposal 1a: The ephemeris information, the reference location and the footprint size of the cell could be broadcast to UE for predicting coverage discontinuity.

Proposal 1b: For the quasi-earth fixed case, the timing information on when a cell is going to start serving the area could also be broadcast to UE for predicting coverage discontinuity.
Proposal 2: In R17, no additional UE behavior need to be specified for support of discontinuous coverage.  

Proposal 3: In order to ensure sufficient time for cell detection and increase the probability of successful RRC connection reestablishment to a new satellite under the discontinuous coverage in IoT over NTN, it’s suggested to extend T301, or start T301 after coverage hole.

Proposal 4: For eMTC and NB-IoT over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, the related timers, e.g., T320 or T322 can be extended or started after coverage hole.  

References
[1] RP-211601, NB-IoT/eMTC support for Non-Terrestrial Networks


4/4


