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In Rel-13 NB-IoT, the Type 1-NPDCCH common search space is only monitored on an anchor PRB. With the increase of NB-IoT connections per cell, the NPDCCH and NPDSCH transmissions related to paging will consume more and more resources, which may even exceed the overall available resources in anchor PRB.
This contribution analyzes the amount of required resources for paging corresponding to the number of connections per cell.
Traffic model
The distribution of the periodic inter-arrival time defined in sub-clause E.2 of TR 45.820 [1] is followed, which is 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%). Since paging only occurs for the kind of applications called “network command” in [1], the resources required by paging also depends on the ratio of network commands. In the rest of this paper, the resources for paging will be calculated according to different numbers of UEs per cell and different ratios of network commands.
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 among all the applications.
Calculation of the resources for paging
1.1 Link level simulations for NPDCCH and NPDSCH
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. Therefore, target coupling loss of 154 dB and 164 dB are both assumed for the calculation of the resources for paging.
The maximum transmit power of eNB is different between in-band/guard band operation and standalone operation. Correspondingly, the required resources for NPDCCH and NPDSCH transmissions should be calculated separately for in-band/guard band operation and standalone operation. Transmit power of 35 dBm is assumed for in-band/guard band operation and 43 dBm for standalone operation. 
The required resources for paging should also be different between in-band and guard band operation due to the first three OFDM symbols and some REs reserved for LTE PDCCH and CRS for in-band operation. In this paper, only the resources available for in-band operation are assumed, so as to evaluate the worst case.
For the worst case, each paging message is assumed to carry the UE ID of a single UE. It means that the NPDSCH transmission of each paging message needs an independent NPDCCH transmission for its DL grant. For the best case, each paging message comprises the UE IDs of 16 paged UEs, with various overhead on NPDSCH then common to multiple paging records, and significant savings in the NPDCCH resources for the DL grants of paging messages. The length of the UE ID is 40 bits, which is assumed as the payload size of paging message per paged UE.
According to the link level simulation results, the time-frequency resources required per NPDCCH transmission are listed in Table 1. The time-frequency resources required per NPDSCH transmission of paging message carrying a single UE ID and 16 UE IDs is listed in Table 2 and Table 3, respectively.
[bookmark: _Ref457640214]Table 1  Resources per NPDCCH transmission
	Operation
	Coupling loss (dB)
	NPDCCH format
	Repetitions
	Resources used

	In-band
	154
	1
	8
	12 subcarriers, 8 subframes

	
	164
	1
	128
	12 subcarriers, 128 subframes

	Standalone
	154
	0
	1
	6 subcarriers, 1 subframes

	
	164
	1
	8
	12 subcarriers, 8 subframes



[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
	154
	2
	8
	12 subcarriers, 16 subframes

	
	164
	2
	128
	12 subcarriers, 256 subframes

	Standalone
	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
	154
	10
	32
	12 subcarriers, 320 subframes

	
	164
	10
	128
	12 subcarriers, 1280 subframes

	Standalone
	154
	10
	2
	12 subcarriers, 20 subframes

	
	164
	10
	16
	12 subcarriers, 160 subframes


1.2 Calculations of resources for paging
Resources for paging are calculated according to the cases listed in Table 4. 
[bookmark: _Ref457642142]Table 4  Cases for the calculation of resources for paging
	
	Number of UEs paged in a single paging message
	Ratio of network command
	Target coupling loss (dB)

	Case 1-1
	16
	20%
	154

	Case 1-2
	
	
	164

	Case 2-1
	
	60%
	154

	Case 2-2
	
	
	164

	Case 3-1
	
	100%
	154

	Case 3-2
	
	
	164

	Case 4-1
	1
	20%
	154

	Case 4-2
	
	
	164

	Case 5-1
	
	60%
	154

	Case 5-2
	
	
	164

	Case 6-1
	
	100%
	154

	Case 6-2
	
	
	164



In this paper, the resources consumed by paging are calculated for different numbers of UEs per cell, which is within the set of {10 000, 30 000, 50 000, 100 000, 150 000}. The calculations are done separately for in-band operation and standalone operation. The calculated resources are normalized according to the overall resources on a PRB per day.
1.2.1 In-band operation
For in-band operation, the required resources for paging are listed in Table 5 and Table 6. 
[bookmark: _Ref457642110]Table 5  Normalized paging resources for in-band operation assuming 16 UE IDs per paging message
	Connections
	10,000
	30,000
	50,000
	100,000
	150,000

	Case 1-1
	0.27%
	0.82%
	1.36%
	2.72%
	4.08%

	Case 1-2
	2.28%
	6.84%
	11.41%
	22.81%
	34.22%

	Case 2-1
	0.82%
	2.45%
	4.08%
	8.17%
	12.25%

	Case 2-2
	6.84%
	20.53%
	34.22%
	68.44%
	102.67%

	Case 3-1
	1.36%
	4.08%
	6.81%
	13.61%
	20.42%

	Case 3-2
	11.41%
	34.22%
	57.04%
	114.07%
	171.11%



[bookmark: _Ref458432709]Table 6  Normalized paging resources for in-band operation assuming one UE ID per paging message
	Connections
	10,000
	30,000
	50,000
	100,000
	150,000

	Case 4-1
	0.62%
	1.87%
	3.11%
	6.22%
	9.33%

	Case 4-2
	9.96%
	29.87%
	49.78%
	99.56%
	149.33%

	Case 5-1
	1.87%
	5.60%
	9.33%
	18.67%
	28.00%

	Case 5-2
	29.87%
	89.60%
	149.33%
	298.67%
	448.00%

	Case 6-1
	3.11%
	9.33%
	15.56%
	31.11%
	46.67%

	Case 6-2
	49.78%
	149.33%
	248.89%
	497.78%
	746.67%



According to Case 1-2 and Case 4-2 in Table 5 and 6, if 20% of all traffic is network commands, the normalized resources for paging varies between 11.41% and 49.78% for 50 000 UEs per cell. When the number of UE per cell reaches 100 000, the required resources for paging approaches 100% of the overall resources in the worst case. In other cases, the resources for paging may even exceed the overall resources if the ratio of network command is high (e.g., ≥ 60%) or the number of UEs per cell is large (e.g., ≥ 100000).
Furthermore, more than 30% of the overall resources on anchor PRB are consumed by NPSS, NSSS, NPBCH and narrowband SI transmissions. The available resources for paging should not exceed 70% of the overall resources. Considering other essential signaling and traffic on anchor PRB (e.g., RAR and Msg4 in the random access procedure for UE in RRC_IDLE mode), the actual available resources for paging may be significantly less than 50% of the overall resources. It means that resources required for paging may exceed the available resources in anchor PRB with 52574 UEs per cell and 20% traffics being network command for in-band operation. 
Observation 1: For in-band operation, resources required for paging may exceed the available resources in anchor PRB with 52,574 UEs per cell and 20% traffic being network commands.
1.2.2 Standalone operation
[bookmark: _Ref457642116]For standalone operation, the required resources for paging are listed in Table 7 and Table 8.
[bookmark: _Ref458432758]Table 7  Normalized paging resources for standalone operation assuming 16 UE IDs per paging message 
	Connections
	10,000
	30,000
	50,000
	100,000
	150,000

	Case 1-1
	0.03%
	0.10%
	0.17%
	0.33%
	0.50%

	Case 1-2
	0.27%
	0.82%
	1.36%
	2.72%
	4.08%

	Case 2-1
	0.10%
	0.30%
	0.50%
	1.00%
	1.49%

	Case 2-2
	0.82%
	2.45%
	4.08%
	8.17%
	12.25%

	Case 3-1
	0.17%
	0.50%
	0.83%
	1.66%
	2.49%

	Case 3-2
	1.36%
	4.08%
	6.81%
	13.61%
	20.42%





[bookmark: _Ref458432766]Table 8  Normalized paging resources for standalone operation assuming one UE ID per paging message
	Connections
	10,000
	30,000
	50,000
	100,000
	150,000

	Case 4-1
	0.06%
	0.19%
	0.32%
	0.65%
	0.97%

	Case 4-2
	0.62%
	1.87%
	3.11%
	6.22%
	9.33%

	Case 5-1
	0.19%
	0.58%
	0.97%
	1.94%
	2.92%

	Case 5-2
	1.87%
	5.60%
	9.33%
	18.67%
	28.00%

	Case 6-1
	0.32%
	0.97%
	1.62%
	3.24%
	4.86%

	Case 6-2
	3.11%
	9.33%
	15.56%
	31.11%
	46.67%



According to Table 7 and Table 8, much less resource is consumed by paging due to the higher transmit power of base station for standalone operation. Even so, 28% of the resources in a PRB are required for paging if the number of UEs per cell reaches 150,000 with 60% of all the traffics being network command. Considering the overhead of NPSS/NSSS/NPBCH/narrow band SI transmissions, the load on anchor PRB will be heavy.
Observation 2: Paging can create heavy load on anchor PRB for standalone operation.
Based on the above analysis, it is obvious that paging on non-anchor PRB should be supported to improve system capacity, especially for in-band operation. Since the design of supporting paging on non-anchor PBR is mainly done in RAN2, we suggest informing RAN2 of the above tables to give them some physical layer information to base their design on.
Proposal 1: Send an LS to RAN2 to inform them of the resources consumed on a single PRB by paging with different numbers of UEs per cell.
Conclusion
The resources required for paging is calculated according to different numbers of connections per cell and different ratios of network command. Based on the results, the related observations and proposals are listed as follows:
Observation 1: For in-band operation, resources required for paging may exceed the available resources in anchor PRB with 52,574 UEs per cell and 20% traffic being network commands.
Observation 2: Paging may create heavy load on anchor PRB for standalone operation.
Proposal 1: Send an LS to RAN2 to inform them of the resources consumed on a single PRB by paging with different numbers of UEs per cell.
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