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Introduction
According to NR SID [1], new RAT will consider frequency ranges up to 100GHz. At higher frequencies, beamforming is essential to compensate for path loss. One transmission beam cannot provide the full cell coverage. Paging needs to be transmitted using the multiple transmission beams. 
RAN1 has also discussed the paging transmission using multiple transmission beams and has agreed [2] that “For paging in multi-beam operation, support beam sweeping for paging”. 
In this contribution we provide some quantitative analysis of paging overhead in beamformed system
Discussion
Evaluation Metric
Table 1 below lists the parameters used in the analysis.
Table 1
	Parameters

	Number of DL TX Beams used for paging (B)
	Each DL TX beam covers a different area in a cell

	Number of Antenna Arrays (AA)
	‘AA’ DL TX beams can be concurrently transmitted in same time slot. 

	Beam Sweeping Factor (S) 
	Equals B/AA. Indicates number of time slots needed to transmit paging message using all DL TX beams in the cell.

	UE ID Size (U)
	Paging message includes UE ID. 40bits are assumed in analysis.

	Paging Rate (P)
	Number of UEs paged per second



The metric used for evaluation is the fraction of total available capacity (in terms of TTIs) that is needed for transmitting paging on a given carrier with certain carrier bandwidth. This metric is derived as follows:
The number of TTIs needed for paging per second can be expressed as

NOTE: In addition to transmitting UE ID(s) in paging message, 16 CRC bits are also included in TB carrying paging message. So the denominator in equation (1) should be (TTI Duration * Spectral efficiency * Carrier bandwidth – 16). However the impact of this is negligible and hence ignored.
The total number of available TTIs per second can be expressed as

The TTIs used for transmitting the paging user identities in terms of % of total available TTIs can be expressed as

From (1), (2) and (3) we can observe that % of TTIs needed for paging is independent of TTI duration (e.g. subframe or smaller duration such as one or more OFDM symbols).
Observation 1: % of TTIs needed for paging is independent of TTI duration (e.g. subframe or smaller duration such as one or more OFDM symbols).
Evaluation Results
Paging Rate Vs TTIs Used Vs Number of TX Beams
Since the paging message is broadcasted and should be received even at cell edge, we consider the cell edge spectral efficiency instead of peak spectral efficiency for determining the TTIs needed in equation 1. According to NR TR [3], the spectral efficiency requirement for NR is 3 times that of IMT advance requirement. At higher frequencies cells will be smaller in size, so for analysis we consider the micro-cellular (UMi) environment. The DL cell edge spectral efficiency for micro-cellular environment in LTE advanced is ~0.1bps/Hz [4]. So in the analysis we consider the DL cell edge spectral efficiency to be 0.3 bps/Hz. At higher frequencies the carrier bandwidth is expected to be larger, so we provide analysis for carrier bandwidth of 100 MHz and 200 MHz.
Figure 1 shows the results for carrier bandwidth of 100 MHz, various antenna array configurations, number of DL TX beams and various paging rates. Figure 2 shows the results for carrier bandwidth of 200 MHz, various antenna array configurations, number of DL TX beams and various paging rates. The LTE result in Figure 1 & 2 corresponds to maximum LTE carrier bandwidth of 20MHz, DL cell edge spectral efficiency of ~0.1bps/Hz and UE ID size of 40 bits. 
Carrier BW: 100 MHz, AA = 2
Carrier BW: 100 MHz, AA = 1


Carrier BW: 100 MHz, AA = 4
Paging Rate (UE/s)
TTIs Used (%)
TTIs Used (%)

Paging Rate (UE/s)


Carrier BW: 100 MHz, AA = 8


Paging Rate (UE/s)
Paging Rate (UE/s)
TTIs Used (%)
TTIs Used (%)


Figure 1


Carrier BW: 200 MHz, AA = 1
TTIs Used (%)
Paging Rate (UE/s)
TTIs Used (%)

Carrier BW: 200 MHz, AA = 2

TTIs Used (%)
Paging Rate (UE/s)
TTIs Used (%)


Paging Rate (UE/s)
Carrier BW: 200 MHz, AA = 4

Carrier BW: 200 MHz, AA = 8

Paging Rate (UE/s)



Figure 2

Based on these results we can observe that % of TTIs needed for paging increases with increasing paging rate and number of DL TX beams. % of TTIs needed for paging decreases with increasing number of antenna arrays and carrier bandwidth. In case of large number of DL TX beams, % of TTIs needed for paging decreases significantly with increase in number of antenna arrays. 

According to results in Figure 1, for paging transmission using smaller number (<=16)  of TX beams, with even 1 AA, % of total available capacity (in terms of TTIs) needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE. For paging transmission using larger number (32 or 64)  of TX beams, with few (2 or 4) AAs, % of total available capacity (in terms of TTIs) needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE.

Observation 2: % of total available capacity needed for paging increases with increasing paging rate and number of DL TX beams.

Observation 3:% of total available capacity needed for paging decreases with increasing number of antenna arrays and carrier bandwidth. 

Observation 4: In case of large number of DL TX beams, % of total available capacity needed for paging decreases significantly with increase in number of antenna arrays.

Observation 5: For paging transmission using smaller number (e.g.  less than 16) of TX beams, % of total available capacity needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE.

Observation 6: For paging transmission using large number of TX beams with multiple (few compared to number of TX beams) antenna arrays, % of total available capacity needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE.
Conclusion
In this contribution we have provided some quantitative analysis for paging in beamformed system. The observations based on evaluation results are as follows:
Observation 1: % of total available capacity needed for paging is independent of TTI duration (e.g. subframe or smaller duration such as one or more OFDM symbols).
Observation 2: % of total available capacity needed for paging increases with increasing paging rate and number of DL TX beams.

Observation 3:% of total available capacity needed for paging decreases with increasing number of antenna arrays and carrier bandwidth. 

Observation 4: In case of large number of DL TX beams, % of total available capacity needed for paging decreases significantly with increase in number of antenna arrays.

Observation 5: For paging transmission using smaller number (e.g.  less than 16) of TX beams, % of total available capacity needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE.

Observation 6: For paging transmission using large number of TX beams with multiple (few compared to number of TX beams) antenna arrays, % of total available capacity needed for paging in beamformed system is comparable to % of total available capacity needed for paging in LTE.

Proposal 1: Capture the observations and results in TR.
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