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1	Introduction
The concept of beam sweeping has been considered in New Radio (NR) systems operating at high carrier frequency bands for covering the cell area with common control channels carrying for instance system or paging information [1]. Herein, the transmitter sweeps successively (one at a time) a set of beams pointing in different directions. 
In this contribution, we evaluate the downlink resource overhead resulting from transmitting the paging user identities (e.g., S-TMSI/IMSI) in a paging record list considering the impact of beam sweeping. First, we explain the evaluation methodology, then we present the calculations results.
2	Evaluation Methodology
The metric that is used for evaluating the downlink resource overhead is the fraction of radio resources that is needed for transmitting the paging record list in the cell, expressed in percentage. To this end, the following parameters are defined:
· γ ≥ 1 is the number of beam directions covered in beam sweeping. The higher the carrier frequency, the higher the number γ of beams used to cover the same cell area is. This is because narrower beams with higher beamforming gain are formed to compensate the higher path loss attenuation.

· λ is the number of paged UEs/s. In LTE, each cell can transmit up to 64 user identities (16 user identities in a paging occasion, 4 paging occasions per radio frame) per radio frame of 10 ms resulting in maximum λ of 6400 UEs/s. The actual value of λ depends on many factors such as the size of the tracking area that the gNB serving the cell belongs to, the number of users registered to the tracking area, the activity factor of the users, etc.


· Nsymbol is the number of OFDM symbols per one subframe of 1 ms. It has been recently agreed in [2] that one subframe of 1 ms would contain 14, 28, 56, 112, 224 OFDM symbols for subcarrier spacing of 15 kHz, 30 kHz, 60 kHz, 120 kHz and 240 kHz, respectively. Larger subcarrier spacing are used for higher carrier frequencies since the channel is more flat (less frequency selective). In this analysis, we will consider the three highest values Nsymbol = 56, 112 and 224 since they are relevant for high carrier frequencies.

· Nbits is the number of bits that can be transmitted in broadcast manner for one OFDM symbol. The value of Nbits depends on many factors such as the transmission bandwidth, number of subcarriers in frequency domain (dependency on subcarrier spacing), MCS, code rate and number of pilot symbols, etc. In this analysis, we set Nbits = 200 bits as a ball-park figure. This value of Nbits can be revisited and differentiated with respect to each value of Nsymbol /sub-carrier spacing once RAN 1 has made some progress. Nevertheless, the analysis considers the impact of having a higher broadcast capacity by evaluating three different values for Nsymbol :  1) Nsymbol x Nbits  = 56 x 200 bits = 11200 bits in 1 ms subframe, 2) 112 x 200 bits = 22400 bits and 3) 224 x 200 = 44800 bits. 

· SUE is the size in bits of the UE identity used for paging: 40 bits for S-TMSI and 64 bits for IMSI. For RAN controlled inactive state UE [3], there is a possibility that UE is paged with another identity such as Resume ID which has the same length as S-TMSI as specified in [4]. 


The total number Ntotal of OFDM symbols for a given time period T in seconds (s) is given by



The total number of OFDM symbols, Npaging, required for transmitting the paging user identities in a given time period T [s] is given by

The resource overhead of transmitting the paging user identities can be expressed now as a percentage by dividing Eq. (1) and Eq. (2), i.e., 


3	Results
The resource overhead of Eq. (3) is calculated for Nbits = 200 bits and different values of Nsymbol = 56, 112 and 224, and SUE = 40 and 64 bits depending on whether S-TMSI/Resume ID or IMSI is used for paging the UEs.
The overhead [%] is shown in Fig. 1 and 2 as a function of λ with Nsymbol and γ as parameters for SUE = 40 and 64 bits, respectively. The value of γ = 1 corresponds to the case where a single beam is used for broadcast transmission (similar to LTE). Fig.1 represents the lower bound of the resource overhead corresponding to the case when all UEs are paged with S-TMSI/Resume ID, whereas Fig. 2 represents the upper bound corresponding to the case when all UEs are paged with IMSI, i.e., IMSI is used in some abnormal situations for error recovery [5]. Overhead values that are greater than 100 % means that the amount of resources required to transmit the identities of the paged UEs is not possible for the given values of λ and γ.

Figure 1: Overhead as a function of λ with Nsymbol and γ as parameters for SUE = 40 bits.


Figure 2: Overhead as a function of λ with Nsymbol and γ as parameters for SUE = 64 bits.

Based on the results shown in the figures, the following observations can be made:
Observation 1: The downlink resource overhead of paging increases for higher number of paged UEs.
Observation 2: The downlink resource overhead of paging decreases for higher broadcast capacity.
Observation 3: The downlink resource overhead of paging increases for higher number of beam directions in beam sweeping.
Observation 4: For high number of beam directions, the downlink resource overhead of paging is significant consuming a high fraction of the available capacity.
Based on the following observations, we propose to investigate a new paging mechanism that reduces the downlink resource overhead.
Proposal 1: Investigate a new paging mechanism for NR to alleviate the increase in downlink resource overhead caused by beam sweeping.
4	Conclusion
In this contribution, we have evaluated the downlink resource overhead resulting from transmitting the user identities of the paged UEs considering the impact of beam sweeping. 
The following has been observed and proposed:
Observation 1: The downlink resource overhead of paging increases for higher number of paged UEs.
Observation 2: The downlink resource overhead of paging decreases for higher broadcast capacity.
Observation 3: The downlink resource overhead of paging increases for higher number of beam directions in beam sweeping.
Observation 4: For high number of beam directions, the downlink resource overhead of paging is significant consuming a high fraction of the available capacity.
Proposal 1: Investigate a new paging mechanism for NR to alleviate the increase in downlink resource overhead caused by beam sweeping.
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