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Introduction
In Rel-13 the paging procedure is done on the anchor carrier that includes transmitting a DCI (format N2) message scrambled with the P-RNTI on the NPDCCH followed by the paging message on the NPDSCH. In RAN#86 meeting, a discussion paper [3] indicates that the available resource for paging on NB-IoT anchor carrier may not be enough to support a large number of NB-IoT UEs, especially for in-band operation. 
The discussions in [3] have several flaws and the conclusions in [3] are based on inconclusive assumptions. Hence, the observations and proposals in [3] are obviously wrong and misleading. Therefore, in this contribution, we give detailed discussions and analysis about the paging capacity on the NB-IoT anchor carrier. 
Traffic model
The traffic model and UE distribution model is given in the appendix in TR 45.820 [2], which the UE has the arriving rate as 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). This arriving rate applies both for DL and UL traffic. Paging occurs when the UE is in RRC idol mode and when the network needs to reach the UE to send “network command”. Therefore, the resource needed for paging depends on the amount of “network command”. We adopt the resource calculations for paging given in [3], and the number of paging occurrences per day in each cell is calculated as follows.
The number of paging occurrences per day in each cell is calculated as follows.
,
where  is the number of UEs per cell and  is the ratio of network commands.
It is worth mentioned that the IoT applications are usually initialized from the UE side, e.g., reporting measurements from meters or sensors, and the amount of DL data are foreseeable much less than the UL. This is reflected not only in the traffic model given in TR 45.820, where the DL network command only have a fixed size of 20 bytes, but the UL report has a size between 20 bytes and 200 byes, but also in the NB-IoT system design where the DL has a maximum TBS of 680 bits but the UL has a maximum TBS of 1000 bits. Therefore, the calculations in [3] where some of the calculations assume 60% or 100% network command ratio needs further deliberations.  
Observation 1	Due to the traffic properties of NB-IoT applications, the ratio of the network commands among all traffics should not be too high. 
Paging procedures
In [3], it is claimed that “Since paging is done without eNB knowing the coverage situation of the paged UEs, large coupling loss is usually assumed for NPDCCH and NPDSCH transmissions in paging procedure.” This claimed is not entirely correct, at least not correct for a reasonable eNB implementation. 

First of all, as specified in Section 9.1.6 in [4], when the network sends a paging request, the MME would append assistance data for paging to the eNB, which includes last known cell of the UE, the last know UE coverage information, and the paging attempt information. Therefore, the eNB has a rough knowledge about the coverage level of the UE it needs to page. Certainly, the eNB can choose to ignore the appended assistance data for paging from MME, but a smart eNB implementation would not do so to waste the valuable radio resources. 
Secondly, as given in TR45.820 [2], even with the worst building penetration loss (BPL) assumption, around 85% of the total UEs are in good coverage, i.e., MCL less than 144 dB. Therefore, the assumptions in [3] that “target coupling loss of 154 dB and 164 dB are both assumed for the calculation of the resources for paging” is overly too pessimistic. A reasonable eNB implementation would take these factors into consideration when it pages UEs, at least at the first time. And if there is no response after the first paging, the eNB can then increase the resources used for paging. Such behaviours of paging already exist in the current LTE system, and therefore, it is reasonable to assume the NB-IoT paging can follow the same behaviour. 
Observation 2	The information appended to paging request from MME to eNB contains enough information for the eNB to optimized the resource usage for paging. A reasonable eNB implementation would not blindly use the maximum resource for the first paging, in any case.  
Certainly, to calculate the exact paging resource usages requires clear defined models for initial paging error models, UE mobility models, and a known paging strategy of the network. Different paging strategy may result in totally different resource usages for paging. Therefore, in order to simply the calculation, in this contribution we only calculate the paging resource usage for the initial paging attempt, which is similar to [3]. 
Observation 3	In order to calculate the exact paging resource usage, error models, mobility models and a clearly defined paging strategy are needed. 
Calculation of the resource for paging 
UE distribution
According to Annex D of TR45.820, we plot the coupling loss distribution in Figure 1. As we can see from the figure, even for the worst case we have 88.3% UEs are with MCL less than 144 dB, and 8.9% UEs are have an MCL between 144 dB and 154 dB, and 2.8% UEs have an MCL larger than 154 dB. 
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[bookmark: _Ref462316973]Figure 1 Coupling loss distributions
It is worth mentioning that the coupling loss distribution in Figure 1 is obtained assuming an inter-site distance (ISD) of 1732 meters. For inband deployment much smaller ISD can be expected in practical networks. Hence more UEs would be in good coverage.  For IoT applications, e.g., metering reporting, the devices can be assumed to be stationary, and therefore the UE distribution can be known at the network, at least in a semi-static manner. Therefore, when calculating the paging resource, the UE distribution information cannot be ignored. 
Observation 4	Due to the UE distribution and coverage statistics are known at the network, when calculating the paging resource, the UE distribution information cannot be ignored.    
Link level simulation results for NPDCCH and NPDSCH
In this paper, we follow the same simulation setup, i.e., transmit power of 35 dBm is assumed for inband/guard band operation and 43 dBm for standalone operation. Moreover, the overhead assumption for inband deployment is that the first three OFDM symbols and some REs reserved for LTE PDCCH and CRS for in-band operation. In order to have a fair comparison, we re-use the link level simulation results given in [3] with a small correction for the 154 dB and 164 dB coupling loss cases, and add the coupling loss for the case of 144 dB cases. The results are summarized in Table 1, Table 2, and Table 3.  
Furthermore, we use the same assumption about the size of the paging message. That is the length of the UE ID is 40 bits, which is assumed as the payload size of paging message per paged UE. Both the worst case, i.e., a paging message carriers one UE ID and the best case, i.e., a paging message carriers 16 UE IDs are considered. 

[bookmark: _Ref457640214][bookmark: _Ref463029865]Table 1  Resources per NPDCCH transmission
	Operation
	Coupling loss (dB)
	NPDCCH Aggregation level
	Repetitions
	Resources used

	In-band
	144
	2
	4
	12 subcarriers, 4 subframes

	
	154
	2
	8
	12 subcarriers, 8 subframes

	
	164
	2
	128
	12 subcarriers, 128 subframes

	Standalone
	144
	2
	1
	12 subcarriers, 1 subframes 

	
	154 (see Note 1)
	2
	1
	12 subcarriers, 1 subframes 

	
	164
	2
	8
	12 subcarriers, 8 subframes

	Note1: Error in [3] is corrected.  For type-1 common search space, only NPDCCH Aggregation level 2 is supported (See TS 36.213).  Therefore, 12 subcarriers are always used. 



[bookmark: _Ref463029892][bookmark: _Ref457640221]Table 2  Resources per NPDSCH transmission of paging message carrying a single UE ID
	Operation
	Coupling loss (dB)
	Number of subframes
	Repetitions
	Resources used

	In-band
	144
	1
	8
	12 subcarriers, 8 subframes

	
	154
	2
	8
	12 subcarriers, 16 subframes

	
	164
	2
	128
	12 subcarriers, 256 subframes

	Standalone
	144
	1
	1
	12 subcarriers, 1 subframes

	
	154
	2
	1
	12 subcarriers, 2 subframes

	
	164
	2
	8
	12 subcarriers, 16 subframes



[bookmark: _Ref458431380]Table 3  Resources per NPDSCH transmission of paging message carrying 16 UE IDs
	Operation
	Coupling loss (dB)
	Number of subframes
	Repetitions
	Resources used

	In-band
	144
	10
	1
	12 subcarriers, 10 subframes

	
	154
	10
	32
	12 subcarriers, 320 subframes

	
	164
	10
	128
	12 subcarriers, 1280 subframes

	Standalone
	144
	4
	1
	12 subcarriers, 4 subframes

	
	154
	10
	2
	12 subcarriers, 20 subframes

	
	164
	10
	16
	12 subcarriers, 160 subframes



Calculations of resources for paging
As mentioned before, when the network pages a UE, it appends assisting information in the paging request sent from MME to the eNB in order for the eNB to decide how much paging resources should be used, at least for the first paging attempt. We assume a 20% ratio for network command. In TR45.820, a total number of 52,574 UEs are assumed in a cell. Therefore, the number of paging occurrences per minute in each cell is.

We assume the UE distribution is according to the worst case given Figure 1, and we have 72 UEs are with MCL less than 144 dB, 7 UEs are with MCL between 144 dB and 154 dB, and 3 UEs are with MCL larger than 154 dB. By using the link level simulation results, we can do the following calculations for inband and standalone, respectively. 
For inband and NPDSCH only carrying a single UE ID, in total 72 * (4+8) + 7 * (8+16) + 3 * (128+256) = 2184 SFs are need for paging, which corresponds to 3.6% of the total resource in one minute. For standalone and NPDSCH only carrying a single UE ID, in total 72 * (1+1) + 7 * (1+2) + 3 * (8+16) = 237 SFs are need for paging, which corresponds to 0.4% of the total resource in one minute.
For the case that NPDSCH carriers 16 UE IDs, we need to group 16 UEs together. Therefore, we assume 64 UEs are with MCL less than 144 dB (4 NPDCCH and NPDSCH are needed), and 15 UEs are with MCL between 144 dB and 154 dB (1 NPDCCH and 1 NPDSCH are needed), and 3 UEs are with MCL larger than 154 dB (1 NPDCCH and 1 NPDSCH are needed).
For inband and NPDSCH only carrying 16 UE IDs, in total 4 * (4+10) + 1 * (8+320) + 1 * (128+1280) = 1792 SFs are need for paging, which corresponds to 3.0% of the total resource in one minute. For standalone and NPDSCH carrying 16 UE IDs, in total 4 * (1+4) + 1 * (1+20) + 1 * (8+160) = 209 SFs are need for paging, which corresponds to 0.3% of the total resource in one minute. 
Therefore, to support 52,574 UEs in a cell with 20% network command, the paging overhead is very low. We repeat the same calculations for the cases with 60% network command and 100,000 UEs, respectively. And the results are summarized in Table 4 and Table 5. 
[bookmark: _Ref463030348][bookmark: _Ref463030336]Table 4  Normalized paging resources usage assuming 16 UE IDs per paging message
	Number of UEs
	52,574
	100,000

	Inband, 20% network command
	3.0%
	3.6%

	Inband, 60% network command
	3.7%
	5.1%

	Standalone, 20% network command
	0.3%
	0.4%

	Standalone, 60% network command
	0.5%
	0.6%



[bookmark: _Ref463030351]Table 5  Normalized paging resources usage assuming one UE IDs per paging message
	Number of UEs
	52,574
	100,000

	Inband, 20% network command
	3.6%
	5.8%

	Inband, 60% network command
	9.7%
	18.2%

	Standalone, 20% network command
	0.4%
	0.7%

	Standalone, 60% network command
	1.1%
	2.1%



From the results from Table 4 and Table 5, we can see that the paging resource usage for supporting the target number of UEs given in TR45.820, i.e., 52,574 UEs per cell is maximum 3.6% for 20% network command, and never exceed 10% for 60% network command. Even after increasing the number to 100,000 UEs per cell, the paging resource usage for the worst case is still below 20%. Therefore, there is no concerns about the paging capacity for the Rel-13 NB-IoT design.
Observation 5	The paging capacity in Rel-13 NB-IoT design can well meet the targeted number of UEs per cell for both inband and standalone deployment. 
Conclusion
From the analysis we can see that there are several factors that have been overlooked in [3] when calculating the paging resource usage, which leads to misleading observations in [3]. In this contribution, we give a more reasonable results about paging resource usages based on practical scenarios. In conclusion, we have the following observations. 
Observation 1	Due to the traffic properties of NB-IoT applications, the ratio of the network commands among all traffics should not be too high. 
Observation 2	The information appended to paging request from MME to eNB contains enough information for the eNB to optimized the resource usage for paging. A reasonable eNB implementation would not blindly use the maximum resource for the first paging, in any case.  
Observation 3	In order to calculate the exact paging resource usage, error models, mobility models and a clearly defined paging strategy are needed. 
Observation 4	Due to the UE distribution and coverage statistics are known at the network, when calculating the paging resource, the UE distribution information cannot be ignored.    
Observation 5	The paging capacity in Rel-13 NB-IoT design can well meet the targeted number of UEs per cell for both inband and standalone deployment. 
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