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1. [bookmark: _Ref488331639]Introduction
In the last RAN2 meeting, the enhancement to discontinuous coverage was discussed, and it has already agreed with the agreements mentioned in the table below: [2]
	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)


In this contribution, we provide our views on enhancement to discontinuous coverage to proceed the work item.
2. Discussion 
2.1 Further enhancement to discontinuous coverage
In R17 IoT-NTN, in order to enable the UE to save power during discontinuous coverage periods in RRC_IDLE, the network provides satellite assistance information (e.g. satellite ephemeris parameters, the start-time of upcoming satellite's coverage) to enable the UE to predict when coverage will be provided by the upcoming satellites. 
Since NTN cells provide much bigger coverage then TN cells, the number of UEs served by a NTN cell is much larger than that of TN cell. For the (quasi-)earth fixed cells, as the network will broadcast the start-time of the upcoming satellite’s coverage, there will be a large number of UEs trying to access the network at the start-time of the upcoming satellite’s coverage which will result in a serious RACH congestion. In current specification, the network can provide a backoff indicator at RAR message to instruct the UEs to delay a random period to resend the preamble when RACH congestion happens. However this may cause another issue as IoT-NTN UEs need to acquire the SIB31(-NB) to get uplink synchronization before accessing the network and the uplink sync duration is limited by the ul-SyncValidityDuration. If it expires, the UE needs to reacquire SIB31(-NB). The specification has specified that IoT UEs are not required to acquire system information in connected state, which means reacquire SIB31(-NB) in connected will cause service interruption as the IoT-NTN UEs need to leave connected mode to acquire SIB31(-NB) and get uplink re-sync. If the UE spends too much time on RACH during RACH congestion, then there will be a limited time for data service as the ul-SyncValidityDuration may expire in connected state. So it needs to avoid RACH congestion when the next satellite starts serving the area rather than relieve congestion when RACH congestion happens. For example the current serving satellite can instruct the UE to delay a period to access the upcoming satellite, the delay period can be generated base on traffic load or just a random value. 

Proposal 1 [bookmark: OLE_LINK1]RAN2 needs to consider the RACH congestion issue as a large number of UEs may try to access the NTN cell at the next satellite’s service start time in discontinuous coverage scenario.

[bookmark: _GoBack]This similar issue has also been identified and discussed by SA2 and the solution of SA is as follows [1]:
Solution #xx: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario:
This solution proposes to introduce a new timer, named discontinuous coverage wait (DCW) timer, to address both the signalling overload issue and the power saving issue when UEs are using access type and/or RAT type that offer discontinuous coverage. The DCW timer consists of 3 parts:

   

DCW timer = (T2-T1) + DCW value (i.e. random value in DCW range) + offset (optional)
- The discontinuous period (T2-T1), used to ensure that the UEs do not initiate any 5G NAS signalling to 5GCN within this period
- The DCW value, used by the UE to determine how long to wait before triggering the 5G NAS signalling after the discontinuous period.
While the timer is running, the UE shall not initiate any 5G NAS signaling to 5G CN. Upon the expiration of the DCW timer, the UE shall initiate the 5G NAS signalling. 
The similar mechanism in AS by eNB can also be considered to randomized the UE’s access time to avoid RACH congestion, as it has already been agreed to provide the discontinuous period to UE in R17(the t-Service in SIB3/SIB3-NB and the t-ServiceStart in SIB32/SIB32-NB).
Proposal 2 The discontinuous coverage wait timer can be used in AS to avoid RACH congestion.

In RAN2#121 meeting, it has been agreed that RAN2 will support enhancements in paging and eDRX in alignment with the work in SA2 and CT1, while the details are FFS. This topic has been discussed several times while no consensus reached. The issue mainly comes from that it may be difficult for the CN to align the the configuration of eDRX/PTW with the distribution of coverage windows, leading to no PTW in a coverage window. 
The enhanced support of discontinuous network coverage for satellite access has been discussed in SA2, and the following has been reached:
-	The UE may be able to determine, including considering current and expected future locations of the UE, a Start of Unavailability Period and/or Unavailability Period Duration for when it expects to be out of coverage.
-	The UE triggers a TAU procedure and includes an indication of upcoming loss of coverage in the TAU Request message to the MME. If the UE is able to determine a Start of Unavailability Period and/or Unavailability Period Duration it also includes them in the TAU Request message.
-	The UE should trigger the TAU procedure early enough such that the procedure, under normal conditions, is able to complete before the start of the unavailability period.
-	The UE and the MME re-negotiate unavailability at every TAU procedure, if it is required. If Start of Unavailability Period and/or Unavailability Period Duration is not included in a TAU Request message any pending loss of coverage configuration stored in the UE context at MME is discarded.
-	If the UE determines an upcoming loss of coverage to the network no longer applies or determines a new Start of Unavailability Period or Unavailability Period Duration related to the upcoming loss of coverage, the UE sends a new TAU Request.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]That means the UE and the CN will keeping updating for unavailability period, both UE and CN will know when the discontinuous coverage starts and ends. This can help decide when to trigger or monitor paging. However the formula of calculating PH and PTW of eDRX doesn’t take the unavailability period into account. As the unavailability periods varies and the eDRX cycle is in PHs, the PHs in a eDRX cycle can be divided into valid and invalid PH in which the invalid PH means there are unavailability period in the PH. When calculating PH and PTW in an eDRX cycle the invalid PH should be excluded or if the calculated PH is a invalid PH, it should be shifted to a valid PH. To aovid paging overload, a different shift PH offset can be provided to each UE by CN.
Proposal 3 PHs with unavailability period can be exclude or a shift PH offset can be used when calculating PH and PTW in an eDRX cycle.

In last meeting , it has been agreed that RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):
-	Explicit RRC Release using a new RRC Release cause
-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)
When discontinuous coverage happens, the RRC connection should be released both in UE and NW to avoid resource consumption and unnecessary AS action.To make the UE and NW consistant understanding of discontinuous coverage, the explict RRC release using a new RRC Release cause(e.g. coverage discontinuity) can be used before the covearege gap. In  this case, when UE received RRC release measage with specific cause(e.g. coverage discontinuity), UE will release the RRC connection and stop unnecessary AS action until the coverage is restored.

Proposal 4 The explict RRC release using a new RRC Release cause(e.g. coverage discontinuity) can be used before the covearage gap.


3 Conclusions 
In this contribution we discussed issues related to discontinuous coverage and made the following proposals:

Proposal 1 RAN2 needs to consider the RACH congestion issue as a large number of UEs may try to access the NTN cell at the next satellite’s service start time.
Proposal 2 The discontinuous coverage wait timer can be used in AS to avoid RACH congestion.
Proposal 3 PHs with unavailability period can be exclude or a shift PH offset can be used when calculating PH and PTW in an eDRX cycle.
Proposal 4 The explict RRC release using a new RRC Release cause(e.g. coverage discontinuity) can be used before the covearage gap.
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