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1	Introduction
In RAN#86, a SI was approved to determine and evaluate the minimum necessary specifications to introduce NB-IoT/LTE-M support for non-terrestrial networks (NTN). The description for the SI was updated in RAN#90 [5] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [1] as a baseline.
This document concerns the following e-mail discussion:
[Post113-e][055][IoT NTN] Performance Evaluation (Ericsson)
	Scope: First round of discussion on performance evaluation, paging performance and connection density. Determine what should be captured in the TR. Can discuss pre-assumption, e.g. traffic model etc. Note that there are no specific requirements, so the objective is to assess performance for sanity check and to avoid surprises rather than doing a detailed comparative analysis. To the extent available, can include performance results numbers. 
	Intended outcome: Report
	Deadline: Friday March 26th 11:00 UTC

The purpose of this e-mail discussion is to kick off a first round discussion on performance evaluation, paging performance and connection density in IoT NTN. The goal is to establish a common understanding on the assumptions, e.g., traffic model, methodology and metrics to be used to assess the performance and determine what should be captured in the TR. 

The discussion is structured in two sections:
· Paging capacity evaluation
· Introduce/summarize how paging capacity was evaluated in TR 38.821 for NR NTN. 
· Discussion on what sort of assumptions, e.g., traffic model, methodology and metrics should be used specifically when NB-IoT and LTE-M devices in NTN are considered to assess the paging capacity.
· Determine what should be captured in the TR.
· Connection Density evaluation
· Introduce/summarize connection density evaluations for IMT-2020 and the assumptions, methodology and metrics for LTE-M and NB-IoT. 
· Discussion on what sort of assumptions, e.g., traffic model, methodology and metrics should be used specifically when NB-IoT and LTE-M devices in NTN are considered to assess the connection density. 


[bookmark: _Ref189046994]3 Paging capacity evaluation
3.1 Methodology
The paging capacity was assessed for NR NTN in Section 7.3.3 in [1]. The assessment was made considering the parameters that affect the paging performance. This, for instance, includes the number of paging frames and the number of paging occasions that can be configured in NR. These figures were then used along with a specific paging configuration and a specific mobile terminated traffic arrival rate to compute the paging channel load, which would essentially be the needed paging channel load divided by the available paging capacity given the configuration. The supported UE density, given an arrival session rate, was also evaluated. 

------------------------------------TR 38.821------------------------------------
[bookmark: _Toc23403962]7.3.3.1	Paging Capacity 
Following parameters should be considered for calculation of paging capacity
· Paging Frames (PF) per second: 
· Paging Occasions (PO) per PF: 
· Maximum number of paging records in paging message: 
· User density (UEs/km2)
· Satellite beam diameter: in km 
· NO_Traffic: fraction of UEs in the cell with network originated traffic 
· Arrival session or call rate:  average requested paging occasions per hour and per UE
· Number of cells in per tracking area: M

[bookmark: _Toc23403963]7.3.3.1.1	Paging capacity of non-multibeam cell
In a non-multibeam scenario 4 out of 10 subframes per PF can be used for paging that is there can be at most 4 PO per PF. A paging message can only be sent in a PO. The paging message can at most include 32 paging records in the paging message where each paging record includes the UE identities of the UEs being paged. The theoretical paging capacity as maximum number of UEs paged per second in an NR non-multibeam cell is thus limited by:
.

As each RF can be configured to be a PF, the resulting maximum paging capacity with 100 PF per second is thus  PO per second. This implies that theoretically, an NR cell can page  UEs per second, or equivalently, more than 46 Million UEs per hour .
The supported paging capacity should be compared with the required paging per cell, which can be calculated as:

If the tracking area is larger than one cell and the base station needs to blindly page all the UEs that it want to reach in all cells, then in the worst case the required arrival rate would be:


The paging capacity should also be considered together with the cell’s capacity to support UEs accessing the cell. After being paged, the UE accesses the cell using a random-access procedure which starts by the UE transmitting a random-access preamble on the physical random-access channel (PRACH). PRACH capacity is calculated in Section X.
------------------------------------TR 38.821------------------------------------

For both NB-IoT and LTE-M, there are several differences compared to NR NTN; the maximum number of paging records in a paging message is different, one needs to consider the repetitions required for M/NPDCCH that schedules the paging message and M/NPDSCH that carries the paging message with respect to different enhanced coverage levels and the possibility to allocate narrowbands/paging carriers which enhances the capacity utilizing Frequency Division Multiplexing. The mobile terminated traffic model is also important here and one should keep in mind that paging messages may need to be retransmitted due to decoding failures or UE not being present in that particular cell or tracking area. 
We assume that a paging capacity evaluation similar to what has been captured in TR 38.821, will be considered as a baseline in this study item. In the questions below, the intention is to first confirm this understanding to find out whether such assumption is shared and to discuss what else needs to be considered regarding the traffic model, methodology and metrics specially for NB-IoT and LTE-M devices.

Question 1: Do you confirm that the baseline for the methodology is the evaluation method used in TR 38.821? Please comment especially if you think otherwise and/or different methodologies need to be used for NB-IoT or LTE-M.

	Company
	Yes/No
	Comments

	OPPO
	Yes
	We agree to use paging capacity evaluation method captured in TR38.821 as baseline.

	Gatehouse
	Yes
	

	Nokia
	Yes.But
	In case of NB-IoT/eMTC the paging capacity also depends on the maximum repetitions configured for the paging search space. This also depends on the maximum coverage extension to be supported in the cell. Number of paging frames per DRX cycle needs to ensure non-overlapping of search spaces. So there will be dependency on Rmax and number of PF.
Each Radio Frame cannot be assumed as PF in NB-IOT and eMTC due to above impact.
On the expected arrival rate, MT traffic profile of UE defined in TR48.210 should be considered for IoT, to check the required number of NB-IoT non-anchor carriers to meet the connection density and capacity.
The soft-switch option of multiple tracking area may also impact the paging load. The estimation of paging based on arrival rate need to consider the duplication of packets over two cells at least for the first paging based on last connected cell. Further paging messages may need to be sent over overlapping tracking areas also. Impact of the soft-switch option on paging strategy and impact on increase in paging load should be considered.

	Qualcomm
	Yes
	The methodology used in TR 38.821 can be baseline.


	MediaTek
	Yes
	TR 38.821 can be considered as the baseline.

	ZTE
	Yes, but
	[bookmark: _Hlk68605498]We agree to use paging capacity evaluation method captured in TR 38.821 as baseline. We also think the mentioned differences make sense and need more consideration. For example:
· We agree with above comments that repetitions have impacts on the paging capacity. But maybe no new metric is needed for this and we can just assume some kind of sparse PO resources configuration. 
· Multiple narrowbands/paging carriers also need to be considered and this can compensate the impacts of less paging records in a paging message. 
· For “Expected arrival rate per TA per second”, we think only evolution on “M=1” may be not enough. Such TA size may cause frequent TAU procedure which in turn leads to higher UE power consumption. As the concern for UE power saving in IoT over NTN is much greater than that in NR NTN, we suggest to also consider the case where M is greater than 1.
· Moreover, cell size and options for mapping between cell and satellite beams need more consideration. 
· We think satellite beam diameter of 1700km in Set 4 need to be taken into account. 
· RAN2 may determine whether both options a) same PCI for several satellite beams and b) one PCI per satellite beam can be considered or only b) is considered?

	Ericsson
	Yes
	The methodology is valid also for LTE-M and NB-IoT in a non-terrestrial network

	CATT
	Yes
	The evaluation method used in TR 38.821 can be the baseline.

	Huawei. HiSilicon
	Yes 
	The methodology in TR 38.821 can be the baseline. However a number of parameters are different, see Q2



Summary Q1: 
9 companies responded with 7 “Yes”, 2 “Yes, but”. All companies responded that the evaluation methodology of TR 38.821 can be used as a baseline with 2 companies further adding some aspects on top of the paging capacity evaluation method captured in TR 38.821. 
Companies brought up the following on top of the baseline: 
· Two companies stated that repetitions need to be taken into account. One company stated that the paging capacity will depend on the maximum coverage extension to be supported in the serving cell, i.e., Rmax and the number of PF, and another company stated that there may not be a need to introduce a new metric assuming that PO resources are configured sparsely. 
· The MT traffic model captured in TR 45.820 (assuming that TR 48.210 is a typo) should be considered for IoT. 
· Paging over multiple TAs
· Multiple narrowbands/paging carriers should be taken into account.
· Larger cells. 
· Multiple beams per PCI or single beam per PCI should be considered. 

[bookmark: _Toc68651371]The baseline for the paging capacity evaluation is the methodology used in TR 38.821.

Question 2: Are there any additional aspects that need to be considered in particular when evaluating the paging capacity for NB-IoT/LTE-M devices with respect to such evaluation in NR NTN? e.g.,  # of repetitions required, CE levels, paging narrowbands or carriers etc. Please comment on the details if you think so and indicate any aspect if it is specific for NB-IoT or LTE-M.

	Company
	Yes/No
	Comments

	OPPO
	Yes
	For both NB-IoT and eMTC, paging narrowbands number or carrier number should be taken into account, and the supported paging capacity should be expressed as 
.
where the  is the paging narrowbands number for eMTC and carrier number for NB-IoT.
Regarding the paging repetition number, it may affect the value of  and  .

	Gatehouse
	Yes
	Agree with OPPO on that multiple (anchored) carriers can be used for paging. Additionally, in for NB-IoT, repetitions will have a negative effect on the paging capacity. IoT devices will be likely equipment with lesser antenna (and thus lower gain, more loss, lesser SNR)


	Nokia
	Yes
	 See above. 


	Qualcomm
	Yes
	We also think the paging capacity should take into account the worst repetition level allowed in the cell and paging narrow bands/carriers.
For NB-IoT, we can assume equal distribution of weight for NB-IoT paging carrier.



	MediaTek
	Yes
	We agree with Oppo. 

	ZTE
	Yes
	As mentioned in comments for Q1, we generally agree with OPPO on the consideration on paging narrowbands/carriers. Moreover, considering that different carriers, especially anchor carrier and non-anchor carriers, may have different available resources, a simple coefficient may be needed when multiplying the number of carriers (whether it’s same as the weight can be further considered).
Also, some kind of sparse  and configuration may be needed for this evaluation.

	Ericsson
	Yes
	Agree that number of repetitions required, CE levels and paging narrowbands/carriers need to be considered. 

	CATT
	Yes
	
The value of , ,  in LTE are different from NR.  x  is the Number of paging frames per DRX cycle with defaultPagingCycle. The maxPageRec in LTE is 16 while .is 32 in NR.
BTW, the formula in TR  should be updated as below:



	Huawei, Hisilicon
	yes 
	As indicated by OPPO the formula for the supported paging capacity should include Nn (number of paging carriers in NB-IoT and number of paging narrowbands in eMTC). In NB-IoT, there is also a paging carrier weight, but for the purpose of this exercise, all paging carriers can have the same weight.
For both NB-IoT and eMTC, NPF and NPOperPF should be derived from T (default DRX cycle) and nB (paging density). 
There is no need to consider Rmax or CEL   as they are incorporated in T / nB.



Summary Q2: 
9 companies responded and all responded with Yes. 
[bookmark: _Hlk68612923][bookmark: _Hlk68610408]The following points were brought up as additional aspects that need to be considered in particular when evaluating the paging capacity for NB-IoT/LTE-M devices with respect to such evaluation in NR NTN.: 
· [bookmark: _Hlk68610485]Number of paging narrowbands and paging carriers. 
· [bookmark: _Hlk68611448]Number of repetitions required to decode the paging message.
· Paging carrier weight, e.g., equal or non-equal. 
· [bookmark: _Hlk68611020]Paging over multiple TAs. 
· Larger cells and number of PCI per cell, i.e., same PCI for several satellite beams vs. one PCI per satellite beam. 
· [bookmark: _Hlk68611494]maximum possible number of paging records in a paging message

We propose the following to capture the additional aspects mentioned above: 

[bookmark: _Toc68651372]The following aspects are considered in addition to the baseline when evaluating the paging capacity for NB-IoT/LTE-M devices:
· [bookmark: _Toc68651373]Number of paging narrowbands and paging carriers with equal weight
· [bookmark: _Toc68651374]Paging over multiple TAs
· [bookmark: _Toc68651375][bookmark: _Hlk68645684]Paging over larger cells

[bookmark: _Toc68651376]The following aspects need further discussion as an addition to the baseline when evaluating the paging capacity for NB-IoT/LTE-M devices:
· [bookmark: _Toc68651377]Number of repetitions required to decode the paging message
· [bookmark: _Toc68651378]Number of PCI per cell, i.e., same PCI for several satellite beams vs. one PCI per satellite beam
· [bookmark: _Toc68651379]Maximum possible number of paging records in a paging message


In TR 38.821 [1] two different paging traffic models are used: 1 page per UE per hour and 1 page per UE per 24 hours. 
[bookmark: _Hlk68612470]Question 3: Do you agree that the paging traffic models used in TR 38.821 are assumed when evaluating the paging capacity for NB-IoT and LTE-M in IoT NTN scenarios? Please comment especially if you think otherwise and provide your suggestion on the paging traffic models that should be assumed, 

	Company
	Yes/No
	Comments

	OPPO
	Yes
	


	Gatehouse
	Yes, but
	It might be necessary to evaluate also the moving beam scenario, and not only fixed beam

	Nokia
	No
	For NB-IoT/eMTC , the traffic model assumes specific distribution of arrival rate across the idle mode users. For MT traffic also the same distribution is assumed. Percentage of users for MT was assumed as 50%. But this can be modified depending on actual scenario. Ref TR45.820.  In our view the paging traffic model defined in TR for CIoT study should be assumed for IoT-NTN rather than this model.
Inputs from satellite service providers on the use-cases which requires MT traffic can be considered to define modified traffic model. Otherwise terrestrial IoT traffic model to be assumed.


	Qualcomm
	No
	For more accurate evaluation, we should consider Table E.2-1 in TR 45.820 that is specifically defined for IoT application. This can be used for paging as defined in “E.2.3	Network Command”.


	MediaTek
	Yes
	

	ZTE
	Yes
	As mentioned in TR 45.820, split of inter-arrival time periodicity for MAR periodic (UL) is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). For typical DL traffic model, e.g., network command, the distribution of the periodic inter-arrival time is the same as for MAR periodic model. 
So from IoT perspective, 1 page per UE per hour and 1 page per UE per 24 hours seem suitable and enough as the most typical cases for evaluation.

	Ericsson
	
	We are open to use the paging traffic models captured in either TR 38.821 or TR 45.820 (please see below).

	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)




	CATT
	Yes
	

	Huawei. HiSilicon
	TBD
	For the percentage of UEs in the cell with network originated traffic (NO_Traffic), we should refer to TR 45.820 section 5.2.2 unless operators come with specific requirements:
The split of devices between MAR periodic and Network Command is MAR periodic (80%) and Network Command (20%).
For the traffic arrival pattern, we could also use the model in 45.820 section E.2.3 
‘The distribution of the application payload size in response to the Network Command, where applicable, is the same as application payload size distribution of MAR periodic in Table E.2-1. ‘
	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)






Summary Q3: 
9 companies replied. 4 Yes, 2 No, 1 “Yes, but”, 1 TBD. 
Most of the comments are pointing towards evaluation scenarios in 45.820, section 5.2.2 and the Network Command traffic model in Annex E.2.3 and table E.2-1. One company stated that moving beam scenario should be considered but did not provide any information in detail regarding how to do so. Two companies mentioned that it should be up to operators if there are any specific requirements. 
Considering the paging traffic models in TR 45.820, the rapporteur proposes the following: 
[bookmark: _Hlk68612497]
[bookmark: _Toc68651380]Network Command traffic model in section E.2.3 in TR 45.820 is used when evaluating the paging capacity for NB-IoT and LTE-M in IoT NTN scenarios.

[bookmark: _Hlk68612960]Question 4: What metrics need to be considered when evaluating the paging capacity for NB-IoT and LTE-M? e.g., paging capacity requirement. Please indicate the metrics, if any, in case it is specific for NB-IoT or LTE-M.

	Company
	Comments

	Gatehouse
	


	Nokia
	The paging load in terms number of paging per second should be considered in deriving the paging capacity.
KPI for individual UE should be the paging latency and lost messages for given paging capacity and traffic model. Latency for paging response also can be considered as KPI. But this needs to take the RACH capacity also into consideration. 

	Qualcomm
	The cell size should also be considered on evaluating the paging capacity. Current PRACH format may not work if cell size is very large.


	MediaTek
	Latency does not matter for delay tolerant IoT data. We need to only evaluate if the paging capacity meets the expected traffic requirements.

	ZTE
	We suggest to focus on the similar metrics as that in NR, e.g., Paging channel loads and Supported UE densities. 
We think paging latency may be not so critical and evaluation on paging lost may be difficult as more assumption/information from core network may be needed.
It has been agreed RACH capacity would be evaluated by RAN1, so we can just wait for RAN1 progress. 

	Ericsson
	It would be good to have metrics that reflect the trade-offs between the resources allocated for paging, time to reach an IoT device once the paging request is received and the impact on other IoT devices due to false-paging.

	Huawei, HiSIlicon
	We could follow TR 38.821, i.e. paging load for a given UE density/ cell size and supported UE density for a given cell size

	
	



Summary Q4: 
7 companies replied. 
[bookmark: _Hlk68613759]The following metrics were brought up to be considered when evaluating the paging capacity for NB-IoT and LTE-M:
· [bookmark: _Hlk68613894][bookmark: _Hlk68613307]whether paging capacity meets the expected traffic models for a given UE density and cell size as in TR 38.821.
· 
· Paging load in terms of number of paging per second for a given UE density and cell size as in TR 38.821.
· [bookmark: _Hlk68614153]Latency, i.e. both paging latency and latency for responding to paging
· Resources for paging. 
· Impact due to false-paging.


While most proposals are valid to consider, it seems most companies think that it would make sense to evaluate paging load, latency and paging capacity similar to what has been captured in TR 38.821.

[bookmark: _Toc68651381]The following metrics are used when evaluating the paging capacity for NB-IoT and LTE-M:
· [bookmark: _Toc68651382]whether paging capacity meets the expected traffic models for a given UE density and cell size as in TR 38.821.
· [bookmark: _Toc68651383]paging load in terms of number of paging per second for a given UE density and cell size as in TR 38.821


[bookmark: _Toc68651384]The following metrics need further discussion to be used when evaluating the paging capacity for NB-IoT and LTE-M:
· [bookmark: _Toc68651385]latency, i.e. both paging latency and latency for responding to paging
· [bookmark: _Toc68651386]impact due to false-paging

Question 5: Please comment if there are any other aspects/questions that would be good to discuss regarding the evaluation for paging capacity.

	Company
	Comments

	Nokia
	Estimation of number of paging carriers required for large NTN cell to meet the minimum performance requirements should be one of the objectives of the outcome.
Impact of paging capacity due to NTN cell mobility if any can be further discussed.  
Impact of introduction of (G)WUS on paging capacity could be one aspect for further consideration.
Considering the larger coverage area and high user density use of GWUS is preferred and it can be assumed in the evaluation if required.


	Huawei, HiSilicon
	Number of required paging carriers/ narrowbands for typical T/nB to achieve the requirements should be the main outcome of the evaluation

	
	

	
	

	
	

	
	

	
	

	
	



Summary Q5: 
2 companies replied. 
[bookmark: _Hlk68647084]Further aspects mentioned are the required number of paging carriers/narrowbands for a large NTN cell to meet the minimum performance requirements, impact of paging capacity due to NTN cell mobility, impact of introduction of (G)WUS on paging capacity and considering larger coverage area and high user density use of GWUS. 

[bookmark: _Toc68651387]RAN2 to discuss whether number of required paging carriers/narrowbands to fulfil the minimum performance requirements, impact of paging capacity due to NTN cell mobility and impact of (G)WUS on paging capacity should be considered.

4 Connection density evaluation
During the study on self-evaluations towards 5G, evaluations were performed to confirm that 3GPP technologies fulfil the IMT-2020 requirements for 5G [3]. In particular, one requirement for the massive MTC use case was that the 5G standard(s) should support a device density of at least 106 devices/km2 where 99% of the users have successfully delivered a 32-byte packet within 10s. 
In this section we will describe a methodology that can be used to evaluate the IMT-2020 requirement on connection density for LTE-M and NB-IoT based NTN and discuss specific scenarios to be used with the methodology. 
 
4.1 Connection density evaluation for IMT-2020
In [3], two different methods are described: the full buffer system level simulation and the non-full buffer system level simulation. In the full buffer simulation, ideal resource allocation is assumed, and the system access procedures are disregarded. 
In the non-full buffer simulation, there is a more detailed level of modelling by including the system access procedures (idle to connected mode procedures being either RRC resume or EDT), the scheduling procedures (scheduling request, N/MPDCCH scheduling N/PUSCH/PDSCH) as well as release procedures. Thus, the QoS requirement means that the UE shall perform access procedures (random access procedures as well as needed configuration) and then deliver the payload within 10 seconds. 
For both evaluation methods, the Urban Macro – mMTC test environment is used where an ISD of 500 meters and 1732 meters are considered. 

4.2 Connection density evaluation for IoT NTN
In this section we propose the methodology that can be used when evaluating connection density in NTN scenarios. Detailed system level evaluation methodology is introduced in TR 38.821 [1]. Several simulation assumptions such as the ones for satellite antennae, EIRP, transmit gain and satellite antenna placements can be inherited directly. For simplicity we suggested considering one scenario for LEO and one for GEO. 
One aspect that can be problematic for connection density evaluation is the number of cells/spotbeams that are used. TR 38.821 [1] describes beam layouts and the number of spotbeams to evaluate as shown in Figure 1 below, where it is noted that wrap-around is not used. Thus, for a frequency reuse factor (FRF) of 1, an additional 2 tiers of beams are introduced to account for no wrap-around, meaning 61 cells need to be simulated but only the statistics of the inner 19 cells are used. Similarly, for a frequency reuse factor (FRF) of 3, 128 cells need to be simulated with only the inner 19 cells are used. 
Since the 99th percentile needs to reach 10 seconds to determine the achievable connection density, the number of users required in the system level evaluation may be very large. 


[image: ]
Figure 1. Illustrations of the additional tiers of beams to be wrapped around based on the FRF configurations [1].

For non-full buffer simulation methodology where the system access procedures are simulated, we suggest limiting the number of required cells. One approach is to reduce the number of simulated cells to 19 and then remove the outer layer to only collect statistics from the inner cells to avoid the effects of the outer cells not having any adjacent interferers. This can be seen in Figure 2.


[image: ]
Figure 2. 19-cell layout with only inner layers considered. 

Regarding which type of access procedure is used, i.e., either RRC Resume or EDT should be simply stated. 
A further evaluation option could be to include the time for the UE to perform its GNSS time-to-first-fix. 

[bookmark: _Hlk68615388][bookmark: _Hlk66831487]Question 6: Do you agree that the methodologies described in 4.1 and 4.2. above can be considered as the baseline? Please comment especially if you think otherwise and/or different methodologies need to be used for NB-IoT or LTE-M.

	Company
	Yes/No
	Comments

	OPPO
	
	We think the same topology given in figure 1 above could be used in IoT over NTN, we wonder why to reduce the cell number.

	Gatehouse
	Yes
	Agreed to minimize cells for simulation purposes

	Nokia
	TBD
	
The use of full buffer evaluation for IoT traffic needs to be further checked, because it is not likely IoT traffic will lead to a full buffer scenario. Here RAN1 inputs will also be beneficial. 
Regarding the cell layout and whether interference is to be evaluated based on middle cell, and the number of tiers for interference will also be good to confirm with RAN1.
Finally, it will be good to ask RAN1 about the impact of elevation angle, because the propagation distance and probability of blockage will increase with lower elevation angle, leading to use of repetitions.


	Qualcomm
	
	Each cell may operate as multiple beams. Simply, cell-level calculation per satellite can be done. 
Similar to paging capacity evaluation, for more accurate evaluation, we should consider Table E.2-1 in TR 45.820 that is specifically defined for IoT application.
We may also need to consider the UL and DL traffic for the connection density evaluation.

	MediaTek
	Yes
	We agree with the rapporteur to minimize cells for simulation purposes.

	ZTE
	TBD
	We have high level doubt on necessity of this Connection density evaluation:
· [bookmark: specType1]Since there is already an overall UE density per km2 with value of 400 in Table B.2-1 in the draft TR 36.763, we are not clear whether it’s still necessary to evaluate the requirement of device density of at least 106 devices/km2?
· Moreover, in the discussion for paging capacity evaluation, we assume the 400 UE density per km2 will be applied. Then if we have some new evaluation on this connection density, do we need to re-evaluate the paging capacity? 
Back to Question 6, we have sympathy with Nokia’s comments and also think more things need to be determined by RAN1. 
Moreover, the cases related to Set 4 may be special, e.g., having the issue of discontinuous coverage. It may be better to ask RAN1 whether such cases also need consideration.

	Ericsson
	Yes
	The methodologies described above can be captured We are open to consider the alternatives.

	
CATT
	Yes, but
	Agreed to minimize cells for simulation purposes. But we are wondering why IoT device to perform its GNSS time-to-first-fix is discussed in connection density evaluation.

	Huawei. HiSilicon
	No
	As far as we know, there is no requirement to meet mMTC IMT-2020 requirements for LTE-M and NB-IoT based NTN. There is also no mention in the SID that such evaluation should be performed and no equivalent evaluation was done for NR NTN in TR38.821.
We think nothing needs to be done in the study on this aspect.



Summary Q6: 
9 companies replied. 3 Yes, 1 “Yes, but”, 2 TBD, 1 No. 
The following points were raised: 
- 3 companies think that it is ok to reduce the number of cells, but one company wonders whether there is a need to do so. 2 companies think that it would be good to confirm with RAN1 along with a question on the impact of elevation angle. 
- 2 companies express concerns on the connection density evaluation. One concern raised is that a UE density target is already provided in TR 36.763, and another concern is that in the SID there is no objective to meet mMTC IMT-2020 requirements, therefore there is no need for such evaluation. 
- For more accurate evaluation, RAN2 should consider Table E.2-1 in TR 45.820 and that connection density evaluation needs to consider UL as well as DL. 
- The use of full buffer evaluations is questionable since it is not likely that IoT traffic will lead to a full buffer scenario. 
- It is not clear why GNSS time-to-first-fix is discussed in connection density evaluation. 

The rapporteur proposes the following based on the discussion above: 

[bookmark: _Toc68651388]RAN2 to discuss whether the methodologies described in 4.1 and 4.2. are considered as the baseline when evaluating connection density.

4.2.1 LEO scenario
For the LEO scenario, we suggest evaluating the connection density performance for IoT NTN under one of the scenarios from TR 38.821. Table 6.1.1.1-9 defines a set of cases from which Case 9 appears to be the most relevant from the perspective of IoT NTN. Case 9 is a LEO scenario at 600km altitude, S-band, 90-degree elevation angle with 1:1 frequency reuse. Furthermore, RAN1 has agreed a set of IoT NTN -specific link budget items in [4] for the UE characteristics. The combined parameters from TR 38.821 and [4] are shown in Annex A. 

Question 7: Do you agree that Case 9 from TR 38.821 is used for the LEO scenario when evaluating the connection density performance for IoT NTN? Please comment especially if you think otherwise and/or different case(s) need to be used for NB-IoT or LTE-M.

	Company
	Yes/No
	Comments

	OPPO
	Yes
	

	Gatehouse
	Yes
	Agree to use Case 9 based on set-1 in the TR38.821 document. In our understanding, this would represent a best-case scenario for a connection density perspective, compared to the other sets of parameters (set-2, set-3 and set-4) addressed in the IoT NTN SI.

	Nokia
	No
	RAN1 has made an agreement on satellite parameters for link budget evaluation: set1-4.  At least one set of parameters could be considered, potentially with different satellite beam width, which may impact on the UE/connection number in the coverage.

	Qualcomm
	No
	We think there is no need to be specific to such one scenario as cell size and time remained in connected mode would be considered.


	MediaTek
	Yes
	Agree to use Case 9 based on set-1 in the TR38.821 document.

	ZTE
	TBD
	We have similar view as Nokia and Qualcomm.
We think firstly the Table 6.1.1.1-9 may need to be extended to reflect all the possible cases related to Set 1~Set 4. And then we (maybe RAN1) can choose the most relevant case(s) for further evaluation. 

	Ericsson
	Yes
	Case 9 can be a starting point. RAN1 has included several other cases, such as the ones for cube-sat. Other scenarios can also be considered. 

	CATT
	Yes 
	Agree in principle and will consider the assumption from RAN1.

	
	
	



Summary Q7: 
8 companies replied. 5 Yes, 2 No, 1 TBD
The following points were mentioned: 
- Case 9 would be a best-case scenario
- No need to be specific about one scenario. - Assumptions from RAN1 should be considered

Most companies think that Case 9 would provide a good starting point. Please see proposal 9. 

4.2.2 GEO scenario
Similarly, for GEO scenario, we suggest evaluating the connection density performance for IoT NTN under one of the scenarios from TR 38.821. Table 6.1.1.1-9 defines a set of cases from which Case 4 appears to be the most relevant from the perspective of IoT NTN. Case 4 is a GEO scenario with 45-degree elevation angle at the central beam, S-band with 1:1 frequency reuse. Furthermore, RAN1 has agreed a set of IoT NTN -specific link budget items in [4] for the UE characteristics. The combined parameters from TR 38.821 and [4] are shown in Annex B. 

Question 8: Do you agree that Case 4 from TR 38.821 is used for the GEO scenario when evaluating the connection density performance for IoT NTN? Please comment especially if you think otherwise and/or different case(s) need to be used for NB-IoT or LTE-M.

	Company
	Yes/No
	Comments

	OPPO
	Yes
	

	Nokia
	Yes, but
	RAN1 has agreed satellite parameter sets 1-3 for GEO, which can be considered.

	Qualcomm
	No
	See our response in Q7.


	MediaTek
	Yes
	

	ZTE
	TBD
	Same comments as that for Question 7.

	Ericsson
	Yes
	Case 4 can be a good starting point and to our knowledge there has not been any new scenarios for GEO proposed in RAN1.

	CATT
	Yes 
	Agree in principle and will consider the assumption from RAN1.

	
	
	

	
	
	



Summary Q8: 
7 companies replied. 4 Yes, 1 No, 1 TBD, 1 “Yes but”
The following points were raised:
- All RAN1 cases should be considered
- There is no need to raise a specific scenario. 

Most companies think that Case 4 would provide a good starting point. Considering the outcome of the previous question, the rapporteur proposes the following:

[bookmark: _Toc68651389]RAN2 to discuss whether Case 4 and Case 9 can be considered as starting points for the connection density evaluation.

Question 9: Please comment if there are any other aspects/questions that would be good to discuss regarding the evaluation for connection density performance.

	Company
	Comments

	Huawei, Hisilicon
	Such evaluations are out-of-scope of the SID. The discussion should be stopped. 


	
	

	
	

	
	

	
	



One company thinks that connection density evaluation is out of scope considering the definition of the SI and has proposed not to proceed with the evaluation. Rapporteur assumes that this can be discussed within the context of Proposal 8.   

5 Other evaluations
In sections 3 and 4 evaluations for paging capacity and connection density performance are described. 

Question 10: Please comment if there are any other evaluations that would be good to consider for NB-IoT and LTE-M in IoT NTN.

	Company
	Comments

	Nokia
	Random access capacity would be important to evaluate, taking into account large RTT of NTN scenario. 


	
	

	
	

	
	

	
	

	
	

	
	

	
	



The following was agreed in RAN2#112-e: 
[035] 4: RAN2 assumes that PRACH capacity in eMTC/NB-IoT over NTN will be evaluated to check whether it can support the large cell size of GEO/LEO. However, RAN2 believes this is more of a RAN1 topic and thus recommends companies to submit their contributions in RAN1.

One company proposed to evaluate the random-access capacity. It would be beneficial to evaluate, however as agreed earlier in RAN2#112-e, this is considered as a RAN1 topic.

6 Conclusion
Based on the discussion in the previous sections the following have been proposed:

Proposal 1	The baseline for the paging capacity evaluation is the methodology used in TR 38.821.
Proposal 2	The following aspects are considered in addition to the baseline when evaluating the paging capacity for NB-IoT/LTE-M devices:
· Number of paging narrowbands and paging carriers with equal weight
· Paging over multiple TAs
· Paging over larger cells
Proposal 3	The following aspects need further discussion as an addition to the baseline when evaluating the paging capacity for NB-IoT/LTE-M devices:
· Number of repetitions required to decode the paging message
· Number of PCI per cell, i.e., same PCI for several satellite beams vs. one PCI per satellite beam
· Maximum possible number of paging records in a paging message
Proposal 4	Network Command traffic model in section E.2.3 in TR 45.820 is used when evaluating the paging capacity for NB-IoT and LTE-M in IoT NTN scenarios.
Proposal 5	The following metrics are used when evaluating the paging capacity for NB-IoT and LTE-M:
· whether paging capacity meets the expected traffic models for a given UE density and cell size as in TR 38.821.
· paging load in terms of number of paging per second for a given UE density and cell size as in TR 38.821
Proposal 6	The following metrics need further discussion to be used when evaluating the paging capacity for NB-IoT and LTE-M:
· latency, i.e. both paging latency and latency for responding to paging
· impact due to false-paging
Proposal 7	RAN2 to discuss whether number of required paging carriers/narrowbands to fulfil the minimum performance requirements, impact of paging capacity due to NTN cell mobility and impact of (G)WUS on paging capacity should be considered.
Proposal 8	RAN2 to discuss whether the methodologies described in 4.1 and 4.2. are considered as the baseline when evaluating connection density.
Proposal 9	RAN2 to discuss whether Case 4 and Case 9 can be considered as starting points for the connection density evaluation.
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Annex
A. LEO IoT NTN IMT-2020 connection density scenario
The combined satellite scenario for evaluating the IMT-2020 connection density under LEO scenario is as below. 
Satellite characteristics:
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions
	

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	2 m

	Satellite EIRP density
	
	34 dBW/MHz

	Satellite Tx max Gain
	
	30 dBi

	3dB beamwidth
	
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	50 km

	Payload characteristics for UL transmissions
	
	

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	2 m

	G/T
	
	1.1 dB K-1

	Satellite Rx max Gain
	
	30 dBi

	For Notes see [1].



The UE characteristics(based on [1] and RAN1 agreements in [4]):
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	(1, 1, 1) with omni-directional antenna element


	Polarisation Loss
	3 dB 

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	9 dB

	Tx transmit power
	(PC5) 100 mW (23 dBm)

	Tx antenna gain
	0 dBi per element



Beam layout characteristics:
	Beam layout definition
	Baseline: Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame.
Only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. 

	Number of beams
	Baseline: 19-beam layout

	UV plane illustration (extracted from [19])
	[image: ]

	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after :
[image: ]
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern :
ABS = sqrt(3) x sin(HPBW/2 [rad])

	Central beam bore sight direction definition
	Central beam center is considered at nadir point



Miscellaneous parameters:
	Frequency band
	S-band (i.e. 2 GHz)

	Maximum Bandwidth per beam (DL + UL)
	To be stated for LTE-M/NB-IoT.

	Satellite antenna pattern
	See section 6.4.1 in [2]: Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation : See Table 6.1.1.1-4

	Frequency re-use factor
	1:1

	Polarization re-use
	Disabled

	Channel model
	Large scale model of [2] (Note 2)

	Deployment scenarios
	Base-line : Rural

	Propagation conditions
	Line of sight

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Randomly uniform. 

	UE configuration
	Handheld (optional for scenario A)


	UE orientation
	Ideal Tracking serving beam;

	Handover Margin
	0 dB

	UE attachment
	RSRP

	For Notes see [1]




B. GEO IoT NTN IMT-2020 Connection density Scenario
The combined scenario for evaluating the IMT-2020 under GEO scenario. 
Satellite characteristics:
	Satellite orbit
	GEO

	Satellite altitude
	35786 km

	Satellite antenna pattern
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions
	

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m

	Satellite EIRP density
	
	59 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi

	3dB beamwidth
	
	0.4011 deg

	Satellite beam diameter (Note 2)
	
	250 km

	Payload characteristics for UL transmissions
	
	

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m

	G/T
	
	19 dB K-1

	Satellite Rx max Gain
	
	51 dBi

	For notes see [1].



The UE characteristics(based on [1] and agreements [4]):
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	(1, 1, 1) with omni-directional antenna element


	Polarisation Loss
	3 dB

	Rx Antenna gain 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	9 dB

	Tx transmit power
	100 mW (23 dBm)

	Tx antenna gain
	0 dBi per element



Beam layout characteristics:
	Beam layout definition
	Baseline: Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame.
Only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. 

	Number of beams
	Baseline: 19-beam layout considering wrap-around mechanism (i.e. 18 beams surrounding the central beam and allocated on 2 distinct “tiers”)

	UV plane illustration (extracted from [19])
	[image: ]

	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after :
[image: ]
The straight line being orthogonal to UV plane is pointing towards the Earth centre.
UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern :
ABS = sqrt(3) x sin(HPBW/2 [rad])

	Central beam bore sight direction definition
	Case 2 : Central beam boresight direction computed based on elevation angle target



Miscellaneous parameters:
	Frequency band
	S-band (i.e. 2 GHz) 

	Maximum Bandwidth per beam (DL + UL)
	To be stated for LTE-M/NB-IoT.

	Satellite antenna pattern
	See section 6.4.1 in [2]: Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation : See Table 6.1.1.1-4

	Frequency re-use factor
	1:1

	Polarization re-use
	Disabled 

	Channel model
	Large scale model of [2] (Note 2)

	Deployment scenarios
	Base-line : Rural
Additional deployment scenario results can be provided

	Propagation conditions
	Line of sight

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	Randomly uniform

	UE configuration
	Handheld 

	UE orientation
	VSAT and Others: Ideal Tracking serving beam;
Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	For Notes see [1].
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