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1 Introduction
After the RAN2#122 meeting, there was an email discussion on discontinuous coverage [1]. During the RAN2#123 meeting, enhancements to discontinuous coverage were discussed based on the output of this email discussion and the following agreement was achieved.
Agreements:
1. RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)
However, there are still two issues left from the email discussion that require further discussion in this meeting (RRC connection release and additional information provision). In this contribution, we will further discuss these remaining issues.
2 Discussion

2.1 Issue on RRC release
Based on Rel-17 mechanism, when UE is out of coverage, UE will go to IDLE and doesn’t need to perform any idle mode tasks related to NTN. In other words, upon detection of coverage gap arriving, the UE can autonomously release the RRC connection already based on current spec. Besides, it was agreed in the last meeting that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage. This means that UE may not even need to perform RRC re-establishment upon detection of coverage gap and directly release the RRC connection with NW. 
Observation 1: Based on existing mechanism, UE can already autonomously release the RRC connection upon detection of coverage gap.
Besides aforementioned UE autonomous release solution, there are also other enhancement on RRC connection release proposed in the previous meetings. Three options have been summarized and each has gained some yet still not majority support:

-
Option 1: Explicit RRC Release using a new RRC Release cause

-
Option 2: Timer based UE autonomous release (similar to MUSIM)
For option 1, the network sends an RRCRelease message with a new cause to release the UE to RRC_IDLE if coverage gap is approaching. However, currently the UE’s coverage information is only available to UE and CN. To achieve this, it requires the UE or CN to provide the UE’s coverage information to the gNB additionally. Besides, there is no extra benefit to introduce the new cause of RRC release since UE should clearly know about the coverage status. So option 1 is not necessary.
For option 2, since UE knows its own coverage situation, it can indicate “RRC_IDLE” to the NW as the preferred RRC state when it is going to enter a coverage gap and start a timer, which is similar to the legacy R17 procedure for MUSIM. Then if the UE hasn’t received RRC release from the NW when the timer expires, the UE goes to RRC_IDLE autonomously. The corresponding text can be found in TS38.300 as below:
	20.3
 UE notification on Network Switching
When configured to do so, a MUSIM device can signal to the Network A a preference to leave RRC_CONNECTED state by using RRC (see TS 38.331 [12]) or NAS signalling (see TS 23.501 [3]). After sending a preference to leave RRC_CONNECTED state by using RRC signalling, if the MUSIM device does not receive an RRCRelease message from the Network A within a certain time period (configured by the Network A, see TS 38.331 [12]), the MUSIM device can enter RRC_IDLE state in Network A.


Compared with autonomously releasing the RRC connection upon detection of coverage gap, the benefit of timer-based solution is to let gNB be aware that the UE’s RRC connection has been released so that the NW can remove the UE’s context in time. On the other hand, without this enhancement, NW can also know about UE’s status based on implementation. So it is not a big issue without the timer based solution. 
Proposal 1: No further enhancement is pursued on RRC connection release. 
2.2 Necessity of providing additional information  

During the offline email discussion, the issue on providing additional information was also discussed. There were the following candidates for discussion:

1)
Ephemeris

2)
Footprint information

3)
PCI

4)
SSB configuration

5)
Carrier frequency

6)
Other information (Please describe)
There was some support for satellite ephemeris (5/15), footprint information (5/15) and carrier frequency (6/15). However, it seems no additional information gains majority support. We will provide some analysis on the above information.
A main motivation to provide more satellite information is for prediction of UE coverage. The current SIB32 can provide satellite assistance information for up to 4 satellites. There are concerns that the information provided in SIB32 is not enough for the UE to predict coverage for some time later. However, the typical beam footprint size of a LEO (GEO) satellites is 100 – 1000 km (200 – 3500 km) which should be large enough. In addition, the satellite information in SIB32 can be updated continuously and the UE can use the updated satellite information. So there is no need to provide additional ephemeris information and footprint information.
For carrier frequency, it may be helpful for UE’s cell search, but seems not an essential optimisation. Besides, it will require some additional complexity for the NW to acquire the carrier frequency information in advance. So we think the current cell search procedure can be reused. 
Proposal 2: No additional information is needed for discontinuous coverage in SIB32 or RRC dedicated RRC signalling.
2.3 Spec impact of UE behavior in case of RLF
There is an FFS left for the specs impact of UE behaviour in case RLF happens:

	RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)


During the email discussion, many companies think this doesn’t have spec impact. Since the evaluation of time left for RRC re-establishment is also based on UE implementation. We think it is fine to leave this to UE implementation without capturing it in the spec.
Proposal 3: UE behaviour in case of RLF has no impact on spec, i.e., no NOTE is needed.
2.4 RACH congestion issue
During the email discussion, there were also proposals on enhancements to solve the RACH congestion issue. When the coverage gaps disappear, many UEs may try to access the NTN cell which may cause RACH congestion. 
However, SA2 has already considered this issue in TR23700-28, i.e., utilizing a wait timer when UE re-connects to the NW after coverage gap. In this case, different UEs will wait for different time before initiating the 5G NAS signalling. So RACH is naturally scattered across time domain. On top of SA2’s solution, there is no need to further consider AS solution for this scenario. 
Proposal 4: RACH congestion is handled vis SA2 solution and not pursued in RAN2.
3 Conclusion

In this contribution, we discussed the discontinuous coverage in IoT NTN and have the following observation and proposals:

Observation 1: Based on existing mechanism, UE can already autonomously release the RRC connection upon detection of coverage gap.
Proposal 1:
No further enhancement is pursued on RRC connection release.
Proposal 2:
No additional information is needed for discontinuous coverage in SIB32 or RRC dedicated RRC signalling.

Proposal 3:
UE behaviour in case of RLF has no impact on spec, i.e., no NOTE is needed.

Proposal 4:
RACH congestion is handled vis SA2 solution and not pursued in RAN2.
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