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1. Introduction

In RAN2#113bis e-meeting [1], for IoT over NTN, the following agreements about mobility and tracking area have been achieved:

	· Observation: R2 has (so far) not identified any issue in order to support CHO for Cat-M UEs with EPC. 

· (modified P1) For handling of coverage holes or discountinous satellite coverage in a power efficient way R2 assumes that Sattelite assistance information, e.g. ephemeris info, can be used. 

· (modified P2) The NR-NTN agreements, where the network may broadcast more than one TACs per PLMN in a cell is considered for IoT NTN (other options not excluded for now)

· (modified P3) For enhancements to CHO, e.g. location and time based triggering events related to CHO in eMTC-based NTN should follow NR-NTN.

· For Connected mode, for both NB-IoT and eMTC, Legacy RLF and reestablishment procedures can be used (minor enhancement can be considered).


With reference to these agreements, we will discuss remaining specific issues and possible solutions for IoT over NTN. 
2. Discussion

2.1. Enhancements on HARQ process

Some agreements about HARQ for IoT over NTN and NR over NTN have been reached as below.

Agreement in RAN2#113 for IoT over NTN: 
· No of HARQ processes is R1 scope

· Enable / disable HARQ feedback is R2 scope

Agreement in RAN1#104b for IoT over NTN: 
Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.

Agreement in RAN2#113b for NR over NTN: 
1. It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, the NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).
2. RAN2 confirms that in NTN using the value= “zero” for drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL is possible. No specification change is needed.

According to the agreement in RAN1#104b for IoT over NTN, increasing the number of HARQ processes for IoT over NTN has been excluded. However, due to the large propagation delays in NTN, HARQ stalling is a risk. As there are only two HARQ processes for NB-IoT, the risk would be higher. So we still need some way to address such risk.

According to the above agreements in RAN2#113b, for uplink, the blind retransmissions mechanism is supported in NR over NTN. With this scheme, it is flexible to allow gNB to schedule with or without blind retransmissions according to the traffic type and propagation delay. We think this scheme can also be considered for IoT over NTN. However, for eMTC and NB-IoT, the value of UL HARQ RTT timer is fixed and don’t support “zero” according to TS 36.321. Hence, RAN2 can discuss whether to introduce the value “zero” for UL HARQ RTT timer.

Proposal 1: To support blind retransmissions mechanism and introduce the value “zero” for UL HARQ RTT timer for IoT over NTN.
Based on the proposal 1, we give the following text proposal for TS 36.763:

	7.2.1.4
HARQ

Editor's Note: This clause will be updated based on further agreements on HARQ, e.g., whether to disable HARQ feedback.

Problem Statement

Due to the large propagation delays in NTN, HARQ stalling is a risk. As there are only two HARQ processes for NB-IoT, the risk would be higher. 
Solution Overview

To support blind retransmissions mechanism and introduce the value “zero” for UL HARQ RTT timer.


2.2. Impacts of eDRX cycle on cell reselection

In RAN2#113bis meeting, RAN2 have confirmed significant interest on enhancements to eDRX/PSM (discontinuous coverage) but no time to discuss details. 

For eMTC, eDRX cycle value range starts from 5.12s (i.e., hfhalf, hf1, hf2, hf4, hf6…) up to a maximum of 2621.44s (hf256, about 44 min). For NB-IoT, the eDRX cycle value range starts from 20.48s (i.e., hf2, hf4, hf6, hf8…) up to a maximum of 10485.76s (hf1024, about 3 hours). In 38.821[2], it has mentioned “Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1000 km may remained connected for a maximum of 6.61 seconds and 132.38 seconds respectively due to satellite movement.” It can be inferred that, under some conditions, e.g., the eDRX cycle is larger than the serving time of an NTN LEO, the serving cell and neighbor cells that the UE can measure would keep changing every one or several eDRX cycles. An example is illustrated in Figure 1. here NTN LEO cell diameter is 1000 km and the maximum of serving time of the LEO in a cell is 132.38s, eDRX cycle is more than 327.68s (hf32). It can be seen, under the moving cell scenario, both the serving cell and the related neighbor cell are different in T1 and T3, e.g., serving cell changes from cell1 to cell3, and further to cell5. The related neighbor cell changes from cell2 to cell4, and further to cell6. 
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Figure 1: Serving cell and the related neighbor cells changes due to satellite movement in eDRX cycles

Observation 1: With eDRX configuration and quick satellite movement, the serving cell and neighbor cells that the UE can measure before start of eDRX cycle would keep changing every one or several eDRX cycles.

In legacy IoT, if UE is stationary, the serving cell and neighbor cells keep unchanged. The previous measurement would be helpful for cell measurement/reselection later. However, in IoT over NTN, for the UE configured with eDRX cycle, the neighbor cells in an eDRX cycle may stop serving this area in the subsequent eDRX cycle. As a result, the potential serving cell for the UE in subsequent eDRX cycle might be totally different from the neighbor cells that are measured by the UE in an eDRX cycle. The neighbor cell measurement in an eDRX cycle may not give any help for the UE to select to the next satellite in the subsequent eDRX cycle and such neighbor cell measurement is useless.
Moreover, as neighbor cell list in SIB would be used by all the UEs, it generally would be a complete set, e.g., including all the possible neighbor cells. But in IoT NTN, we think some cells may be almost impossible to be measured by some UEs. This also cause unnecessary neighbor cell measurements.

Considering that power consumption caused by the above issue, some enhancements need to be considered with intention to try to avoid useless or unnecessary neighbor cell measurement. For example:

· The network can configure more stringent condition for triggering the neighbor cell measurement for UE configured with eDRX cycle, or

· The network can supply some assistance information about the neighbor cell that would serve this area after UE wakes up. 
Proposal 2a: In IoT over NTN, in order to avoid useless or unnecessary neighbor cell measurement when eDRX cycle is configured, the network can configure more stringent condition for triggering the neighbor cell measurement or provide tailored neighbor cell list according to the eDRX cycles. 

When UE configured with eDRX cycle wakes up, the new cells that haven’t been detected before may be serving this area at the beginning of PTW in an eDRX cycle. Due to absence of previous measurement of these new cells, the legacy cell reselection procedure can’t help UE to find a suitable cell in a short time. In order to enable UE to camp on a cell as soon as possible to avoid paging message missing, the cell selection procedure can be applied immediately at the beginning of PTW in an eDRX cycle.

Proposal 2b: In IoT over NTN, UE configured with eDRX cycle can apply the cell selection procedure immediately at the beginning of PTW in an eDRX cycle.

Based on the proposal 2a and proposal 2b, we give the following text proposal for TS 36.763:
	7.3.1.3
Enhancements to UE Idle mode mobility

Cell selection/reselection mechanisms specified for NB-IoT/eMTC [11] will be reused as a baseline. Enhancements introduced for cell selection/re-selection procedures in NR NTN [3] [10] will be considered if applicable to IoT NTN.

7.3.1.4  Mitigating the impact of long eDRX cycle
Problem Statement

With eDRX configuration and quick satellite movement, the serving cell and neighbor cells that the UE can measure would keep changing every one or several eDRX cycles. As a result, the neighbor cell measurement in an eDRX cycle may not give any help for the UE to select to the next satellite in the subsequent eDRX cycle and such neighbor cell measurement is useless. Moreover, as neighbor cell list in SIB would be used by all the UEs, it generally would be a complete set, e.g., including all the possible neighbor cells. But in IoT NTN, some cells may be almost impossible to be measured by some UEs. This also cause unnecessary neighbor cell measurements. 
Solution Overview

The network can configure more stringent condition for triggering the neighbor cell measurement or provide tailored neighbor cell list according to the eDRX cycles.
Problem Statement

When a UE configured with eDRX cycle wakes up, the new cells that haven’t been detected before may be serving this area. Due to absence of previous measurement of these new cells, the legacy cell reselection procedure can’t help UE to find a suitable cell in a short time.
Solution Overview

The UE configured with eDRX cycle can apply the cell selection procedure immediately at the beginning of PTW in an eDRX cycle.


2.3. Discontinuous coverage
In RAN2#113bis meeting, RAN2 have agreed that for connected mode, for both NB-IoT and eMTC, legacy RLF and reestablishment procedures can be used and minor enhancement can be considered.

If a UE in RRC connected mode enters into a coverage hole, 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 (ms2500, ms3000, ms3500, ms4000, ms5000, ms6000, ms8000, ms10000), UE enters into RRC_IDLE. Under the discontinuous coverage scenario, if T301 is too short, the continuous cell searching during the RRC reestablishment procedure couldn’t enable UE to find a suitable cell, but costs much power consumption, and the probability to successfully reestablish RRC connection to a new satellite may be also very low.

Observation 2: Due to the discontinuous coverage, it is highly possible that RLF occurs and the probability to successfully reestablish RRC connection may be very low.

In order to increase the probability of RRC reestablishment under the discontinuous coverage, we need solution to resolve the problem that UE hardly find a cell during RRC reestablishment. According to the agreement “For handling of coverage holes or discountinous satellite coverage in a power efficient way R2 assumes that Sattelite assistance information, e.g. ephemeris info, can be used.” in IoT over NTN, we assume it’s already possible that UE can have more information, e.g., the appearance time about coverage hole which could help UE to avoid the cell searching in the coverage hole and start the cell searching after the coverage hole. It’s easy to understand such way can be helpful to avoid power consumption caused by fruitless cell detection, but it will need more time for the whole cell detection procedure. Therefore, the straightforward way is to extend the length of T301, or start T301 after coverage hole.
Proposal 3a: 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.
Based on the proposal 3a, we give the following text proposal for TS 36.763:
	7.3.2.2
Connected mode mobility for NB-IoT NTN

There are no connected mode mobility procedures defined for NB-IoT. When an NB-IoT UE goes out of service coverage of the source cell, it experiences a Radio Link Failure (RLF). This triggers the UE to perform RRC connection re-establishment. 

Release-16 RRC connection re-establishment procedure is used as a baseline in NB-IoT NTN. Release-17enhancements to reduce the time taken for RRC re-establishment can be considered in NB-IoT NTN, if applicable. Further enhancements can be considered, e.g. by using satellite assistance (ephemeris) information.
Problem Statement

If a UE in RRC connected mode enters into a coverage hole, it is highly possible that RLF occurs and then an RRC reestablishment procedure is triggered. Under the discontinuous coverage scenario, if T301 is too short, the time for cell searching during the RRC reestablishment procedure may be not enough and couldn’t enable UE to find a suitable cell. The probability to successfully reestablish RRC connection to a new satellite may be also very low.

Solution Overview

The length of T301 can be extended or T301 can be started after coverage hole.


Furthermore, as eNB can 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.

Observation3: In discontinuous coverage, eNB 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). Moreover, such assistance information can be constructed according to the location of UE and the load of satellite and then it could be more helpful to narrow down the cell searching range and in turn be good to UE power saving. 
Observation 4: eNB can provide some assistance information about new cells, via RRC release/suspend message.
One additional issue is, for eMTC, such assistance information, e.g., IdleModeMobilityControlInfo, is only valid if T320 (min5, min10, min20, min30, min60, min120, min180) is running. Once T320 expires, such cell reselection priority information provided by the idleModeMobilityControlInfo would be discarded. In other word, if T320 is too short, UE couldn’t complete the searching for the cell based on such assistance information during T320. Possible ways for dealing with such issue may be also to extend the length of T320 or start T320 after coverage hole.
Proposal 3b: For eMTC over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, T320 can be extended or started after coverage hole.  

Based on the proposal 3b, we give the following text proposal for TS 36.763:
	7.3.2.3
Connected mode mobility for eMTC NTN

Challenges in connected mode mobility for eMTC NTN are similar to the connected mode mobility issues in NR NTN. These include (1) high latency associated with handover signalling, (2) measurement validity, (3) frequent handovers, (4) dynamic neighbour cell list, (4) handover of a large number of UEs and (5) impact of propagation delay difference in measurements [3] [10].

Conditional Handover (CHO) can be used for both the moving cell and the fixed cell scenarios. The CHO procedure and execution conditions as defined in Release-16 are taken as the baseline, with the following considerations:  

-
The existing measurement framework for CHO (e.g. measurement configuration, execution) is the baseline.

-
The existing measurement criteria and events applicable to eMTC can be used for IoT NTN. Support for new measurements types would need justification, but is not precluded, e.g. for enhanced coverage.

-
Time or timer based and location based CHO triggering event, in combination with the existing Release-16 CHO measurement based event, can be introduced for both moving cell and fixed cell scenarios. Support for new triggering events is not precluded. 

NOTE 1:
CHO for IoT NTN does not apply for E-UTRA connected to 5GC (a similar limitation applies in Release-16).

Problem Statement

In discontinuous coverage, eNB can proactively release/suspend the UE before the RLF occurs. eNB can also provide some assistance information about new cells, e.g., in IdleModeMobilityControlInfo for eMTC, via RRC release/suspend message. Such information is only valid if a timer, e.g., T320, is running. Therefore, if the timer is too short, UE couldn’t complete the searching for the cell based on such assistance information. 
Solution Overview

The length of T320 can be extended or T320 can be started after coverage hole.


2.4. Measurement

In NR NTN, due to different propagation delay from different satellites to different UEs, the measurement gap may have different timing at different UEs, and need to cover the signals of neighbor cells. Otherwise, the UE will miss the measurement. In last meeting, the above agreements have been reached in NR NTN:
Agreements - via email (from offline [106])

1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.

-
The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).

-
The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.

FFS the following open questions: 


(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?


(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 


(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?


(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?


(e) What about the feeder link delay? Is it considered anywhere?

2. The configuration of one or multiple offsets is left up to the network implementation.

3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

Agreements online:

1. Measurement gaps enhancements should be supported. FFS on the details
In eMTC over NTN, the measurement gap is similar as NR NRN, thus, the solution of NR can be reused.
Proposal 4: Measurement gap enhancement in NR NTN can be reused for eMTC over NTN.

Based on the proposal 4, we give the following text proposal for TS 36.763:
	7.3.2.3
Connected mode mobility for eMTC NTN

Challenges in connected mode mobility for eMTC NTN are similar to the connected mode mobility issues in NR NTN. These include (1) high latency associated with handover signalling, (2) measurement validity, (3) frequent handovers, (4) dynamic neighbour cell list, (4) handover of a large number of UEs and (5) impact of propagation delay difference in measurements [3] [10].

Conditional Handover (CHO) can be used for both the moving cell and the fixed cell scenarios. The CHO procedure and execution conditions as defined in Release-16 are taken as the baseline, with the following considerations:  

-
The existing measurement framework for CHO (e.g. measurement configuration, execution) is the baseline.

-
The existing measurement criteria and events applicable to eMTC can be used for IoT NTN. Support for new measurements types would need justification, but is not precluded, e.g. for enhanced coverage.

-
Time or timer based and location based CHO triggering event, in combination with the existing Release-16 CHO measurement based event, can be introduced for both moving cell and fixed cell scenarios. Support for new triggering events is not precluded. 

NOTE 1:
CHO for IoT NTN does not apply for E-UTRA connected to 5GC (a similar limitation applies in Release-16).

The measurement gap enhancement in NR NTN can be reused for eMTC over NTN.


2.5. Overlapped TN and NTN coverage
As one of the purposes of introducing NTN is to compensate coverage in some remote areas and to fulfil anywhere connectivity, it’s possible that IoT UEs may be under the overlapping coverage of the NTN cell and TN cell. UE should make a choice between them for camping. Generally, the TN cell can provide more stable and less delay service. It is more prefer for UE to select the TN cell. 

In RAN2 #113 e-meeting, cell selection/re-selection mechanism of IoT has been agreed as baseline. Therefore, in eMTC over NTN, priority based cell reselection mechanism can be re-used for cell reselection between NTN cells and TN cells. This is similar as NR NTN. For NB-IoT over NTN, as it doesn’t support priority based cell reselection mechanism, a simple method based on cell Qoffset may be feasible. For example, in the cell reselection rules, regardless of whether a NTN cell is the serving cell or neighbor cell, an offset (e.g., QoffsetNTN in the following example formula) can be always subtracted from the measurement result of this NTN cell in order to decrease its order in the ranking list. With introduction of such offset, it can ensure that the TN cell is more easily to be selected than the NTN cell, when UE gets the similar RSRP values of them.

	TS 36.304[3]
Rs =Qmeas,s +Qhyst -Qoffsettemp +QoffsetSCPTM - QoffsetNTN
Rn =Qmeas,n - Qoffset -Qoffsettemp +QoffsetSCPTM - QoffsetNTN
where:

QoffsetNTN
Offset temporarily applied to the cell if the cell is a NTN cell.




Proposal 5a: Priority based cell reselection mechanism can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Proposal 5b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.
Based on the proposal 5a and 5b, we give the following text proposal for TS 36.763:
	7.3.1.3
Enhancements to UE Idle mode mobility

Cell selection/reselection mechanisms specified for NB-IoT/eMTC [11] will be reused as a baseline. Enhancements introduced for cell selection/re-selection procedures in NR NTN [3] [10] will be considered if applicable to IoT NTN.
Problem Statement

IoT UEs may be under the overlapping coverage of the NTN cell and TN cell. The priority based cell reselection mechanism can indicate different priority for the frequency and help UE select to a TN cell with higher priority. However, for NB-IoT, as it doesn’t support priority based cell reselection mechanism, other way to prioritize selection to TN cell is needed. 
Solution Overview

An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.


3. Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: With eDRX configuration and quick satellite movement, the serving cell and neighbor cells that the UE can measure before start of eDRX cycle would keep changing every one or several eDRX cycles.

Observation 2: Due to the discontinuous coverage, it is highly possible that RLF occurs and the probability to successfully reestablish RRC connection may be very low.

Observation3: In discontinuous coverage, eNB can proactively release/suspend the UE before the RLF occurs.

Observation 4: eNB can provide some assistance information about new cells, via RRC release/suspend message.
Proposal 1: To support blind retransmissions mechanism and introduce the value “zero” for UL HARQ RTT timer for IoT over NTN.
Proposal 2a: In IoT over NTN, in order to avoid useless or unnecessary neighbor cell measurement when eDRX cycle is configured, the network can configure more stringent condition for triggering the neighbor cell measurement or provide tailored neighbor cell list according to the eDRX cycles. 

Proposal 2b: In IoT over NTN, UE configured with eDRX cycle can apply the cell selection procedure immediately at the beginning of PTW in an eDRX cycle.

Proposal 3a: 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 3b: For eMTC over NTN, in order to prolong the validation of assistance information in RRC message for discontinuous coverage case, T320 can be extended or started after coverage hole.  

Proposal 4: Measurement gap enhancement in NR NTN can be reused for eMTC over NTN.

Proposal 5a: Priority based cell reselection mechanism can be re-used for eMTC cell reselection between NTN cells and TN cells with prioritizing the TN cells.

Proposal 5b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.
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