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1. Introduction

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

	· For eMTC in NTN

CHO can be used for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline. 

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

(ii) The existing eMTC measurement criteria and event can be used in NTN. Support for new measurement would need justification, but is not precluded, e.g. for enh coverage. 

(iii) Time or timer based and Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, can be introduced for both moving cell and fixed cell scenarios. Support for new triggering events is not precluded. 

(note that LTE CHO isn’t supported for 5GC, and same assumptions as LTE applies). 

· [036] Rel-17 RLF enhancements in NB-IoT can be considered in NB-IOT NTN, if applicable. Further enhancements on RLF-based mobility can be considered, e.g. by using satellite assistance (ephemeris) information.
· [036] RAN2 will capture the options for signalling of Tracking Areas in the TR and wait for progress in NR-NTN for possible updates, if applicable to IoT NTN.

· [036] Paging capacity is evaluated using the same methodology captured in TR 38.821 as the baseline.

· [036] RAN2 will evaluate the paging capacity and the impact on the size of the Tracking Area considering the target IoT NTN device density captured in TR 36.763.

· [036] RAN2 will use cell selection/re-selection mechanism of IoT as a baseline. Enhancements introduced for cell selection/re-selection mechanism in NR NTN will be considered if applicable to IoT-NTN.

· [036] Cell selection/re-selection mechanism in IoT-NTN can be enhanced by using satellite assistance (e.g. ephemeris) information (similar to NR-NTN). RAN2 will wait for RAN1’s progress about the details of satellite ephemeris information.


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

2.1. eDRX cycle impacts on cell reselection

The long eDRX cycle is important for power saving of IoT UE in the idle mode. As power saving is still one of requirements for IoT over NTN UEs, in previous meeting, companies agreed to discuss the impact of eDRX cycle on cell reselection procedure in IoT over NTN.

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. 

[image: image1.png]satellitel satellite2 satellited satellited satellites satellite§

eDRX eyele PTW




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.  

Furthermore, 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, we think enhancements needs to be considered with intention to try to avoid useless or unnecessary neighbor cell measurement. The following are possible options:

· To set more stringent condition for triggering the neighbor cell measurement for UE configured with eDRX cycle.

· To configure neighbor cell list according to the possible eDRX cycles.

Proposal 1: In IoT over NTN, try to avoid useless or unnecessary neighbor cell measurement when eDRX cycle is configured. 

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 can be applied immediately at the beginning of PTW in an eDRX cycle.

Proposal 2: 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. 
2.2. 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 3a: 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 3b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.

2.3. Discontinuous coverage
2.3.1. Idle/Inactive mode 

In RAN2 #113 e-meeting, there were some discussion about discontinuous coverage. Some companies think we need to wait more agreements from RAN1. Since in 36.763[4], description about service discontinuity has been captured as following: “A Non-GEO satellite served successively by one or several sat-gateways at a time. The system ensures service and feeder link continuity between the successive serving sat-gateways with sufficient time duration to proceed with mobility anchoring and hand-over. Service discontinuity can also be deployed”, we would give some roughly analysis on RAN2 impacts about discontinuous coverage. 
Under the discontinuous coverage, the behavior of continuously searching cell seems unacceptable for the IoT UEs as they are sensitive to power consumption. In other word, in a coverage hole, it is beneficial for IoT UE to stop searching a cell.

Proposal 4a: It is beneficial for IoT UE in RRC idle and inactive mode to stop searching a cell in a coverage hole.
In order to avoid the useless searching cell under the discontinuous coverage, UE needs to realize the potential coverage hole. Two possible options as following can be considered:

· Option1: according to the information from network, UE can determine whether there is discontinuous coverage. 

· Option1-1: the direct information about discontinuous coverage. For example, NR NTN has agreed such information “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”. If UE can acquire such information via RRC message or system information and there is a gap between the serving cell and the new cell, UE can determine there is a coverage hole of NTN and stop the cell searching. Moreover, also based on such information, UE can (re)start the cell searching when the new cell is upcoming.

· Option1-2: the indirect information about discontinuous coverage. For example, based on satellite ephemeris information, UE can calculate the satellite location. If UE determines no satellite would cover this area in a certain period, UE can determine there is a coverage hole of NTN. Moreover, UE can (re)start the cell searching if it can calculate the time when some satellite would cover this area.

· Option 2: according to the results of cell searching, UE can determine whether there is discontinuous coverage. For example, if UE couldn’t find any cell for a while, UE can determine there is a coverage hole. And UE can try to detect the new cell after a certain period.
In order to ensure that NTN cells aren’t missed, option 1 requires the information of all PLMN that UE supports. Therefore one concern of Option 1 is signaling overhead. Option 2 requires some attempts to search a cell, then more power consumption would be an issue.  RAN2 can further study which option is more feasible.
Proposal 4b: RAN2 should study the methods on how to determine the discontinuous coverage in IoT NTN. The following options can be further studied:
· Option1: according to the information from network. 

· Option1-1: the direct information about discontinuous coverage.

· Option1-2: the indirect information about discontinuous coverage, such as satellite ephemeris information.

· Option 2: according to the results of cell search.
2.3.2. Connected mode
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 with a new satellite may be also very low. In order to avoid such useless operation, RAN2 should study the methods for reestablishing RRC connection to a new satellite under the discontinuous coverage.

Proposal 5: RAN2 should study the methods for reestablishing RRC connection to a new satellite under the discontinuous coverage in IoT over NTN.
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.

Observation 2: 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, gNB 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. 
Proposal 6a: It can be considered to let gNB provide some assistance information about new cells, via RRC release/suspend message in order to help the UE to start the cell measurement at a suitable time point (also to avoid unnecessary measurement when in the coverage hole).
One additional issue is, 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 to extend or stop T320.
Proposal 6b: RAN2 can further study the validation issue of assistance information in RRC message for discontinuous coverage case.  
2.4. Paging capacity evaluation

In “[Post113-e][055][IoT NTN] Performance evaluation” email discussion, the evaluation method of paging capacity has been discussed. Almost all the companies agree to use the paging capacity evaluation method captured in TR 38.821 as baseline. Moreover, some additional aspects are mentioned and need to be considered when evaluating the paging capacity for NB-IoT/LTE-M devices. They are as below: 

· For NB-IoT, the paging message can at most include 16 paging records in the paging message.

· For NB-IoT, multiple carriers should be taken into account. Moreover, anchor carrier and non-anchor carriers, may have different available resources, anchor carrier may have more sparse PO resources. And for the simplify purpose, all non-anchor paging carriers can have the same PO resources configuration.

· For coverage enhanced case, the repetitions should be taken into account. But no new metric is needed for this and we can just assume some kind of sparse PO resources configuration, for example, 1 PO per second. 

According to the discussion, we give the following evaluation for paging capacity under normal coverage (case 1) and enhanced coverage (case 2) in IoT over NTN. As NB-IoT may have more complicated paging resources configuration, we mainly give evaluation for NB-IoT.

Table 1: The details of Case 1 and Case 2
	
	paging record in a paging message
	Multi carrier
	PO per PF， PF per second，paging records per PO per carrier

	Case 1 (NB-IoT)
	16
	16
	4, 100, 16

	Case 2 (NB-IoT)
	16
	16
	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16


The supported paging capacity per second are as following:

Case 1: 
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Moreover, we suggest to study the similar metrics as that in NR, e.g., Paging channel loads and Supported UE density. In the calculation formulas, the area of the cell has impact on results of those metrics. And considering that satellite parameter Set 4 may be special, e.g., having the issue of discontinuous coverage, we think satellite beam diameter of 1700km in Set 4 need to be taken into account.

The results can be found in the following Table 2 and Table 3:

Table 2: Paging channel load for a given arrival session rate and UE density

	 PO per PF， PF per second，paging records per PO per carrier
	UE density [UE/km2]
	Arrival session rate 
	M
	r [km]
	Paging channel load

	4, 100, 16
	400
	1 per hour
	1
	250
	17.63%

	
	400
	1 per 24 hours
	1
	250
	0.63%

	
	400
	1 per hour
	1
	850
	203.75%

	
	400
	1 per 24 hours
	1
	850
	7.23%

	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16
	400
	1 per hour
	1
	250
	1849.18%

	
	400
	1 per 24 hours
	1
	250
	65.57%

	
	400
	1 per hour
	1
	850
	21376.52%

	
	400
	1 per 24 hours
	1
	850
	758.03%


	Table 3: Supported UE density for a given arrival session rate

 PO per PF， PF per second，paging records per PO per carrier
	Arrival session rate 
	M
	r [km]
	UE density [UE/km2]

	4, 100, 16
	1 per hour
	1
	250
	2240

	
	1 per 24 hours
	1
	250
	54240

	
	1 per hour
	1
	850
	194

	
	1 per 24 hours
	1
	850
	4692

	Anchor: 1, 1, 16 
Non-anchor: 1, 4, 16


	1 per hour
	1
	250
	21

	
	1 per 24 hours
	1
	250
	517

	
	1 per hour
	1
	850
	2

	
	1 per 24 hours
	1
	850
	45


Proposal 7: RAN2 can discuss and capture the above paging capacity evaluation results in Table 2 and Table 3 into 36.763.
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.

Proposal 1: In IoT over NTN, try to avoid useless or unnecessary neighbor cell measurement when eDRX cycle is configured. 

Proposal 2: 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: 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 3b: An offset-biased cell reselection mechanism can be supported for NB-IoT cell reselection between NTN cells and TN cells.

Proposal 4a: It is beneficial for IoT UE in RRC idle and inactive mode to stop searching a cell in a coverage hole.
Proposal 4b: RAN2 should study the methods on how to determine the discontinuous coverage in IoT NTN. The following options can be further studied:
· Option1: according to the information from network. 

· Option1-1: the direct information about discontinuous coverage.

· Option1-2: the indirect information about discontinuous coverage, such as satellite ephemeris information.

· Option 2: according to the results of cell search.
Proposal 5: RAN2 should study the methods for reestablishing RRC connection to a new satellite under the discontinuous coverage in IoT over NTN.

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

Proposal 6a: It can be considered to let gNB provide some assistance information about new cells, via RRC release/suspend message in order to help the UE to start the cell measurement at a suitable time point (also to avoid unnecessary measurement when in the coverage hole).
Proposal 6b: RAN2 can further study the validation issue of assistance information in RRC message for discontinuous coverage case.  
Proposal 7: RAN2 can discuss and capture the above paging capacity evaluation results in Table 2 and Table 3 into 36.763.
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