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1	Introduction
In RAN 2 AdHoc meeting on NR [1], paging has been discussed and the following agreements were made:
Agreements
1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.
4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8: The number of time slots in a paging occasion is provided in system information.

The content of the paging is still open and may be a paging indicator or the paging message, as highlighted in point 6. 
The paging indicator procedure for NR has been proposed in [2] to reduce the downlink (DL) radio resource overhead caused by beam sweeping in high frequencies and to achieve a better trade-off between DL and uplink (UL) radio resource overhead. Herein, instead of sending the paging message containing the long UE IDs, e.g., S-TMSI, a group of UEs monitor the same paging indicator in a Paging Occasion (PO). The paging indicator could be a specific bit position in a bitmap which is similar to that specified in 3G [3]. For paging a UE, the network sets the paging indicator of which the UE monitors, and all the UEs monitoring the same paging indicator will perform UL access. The UE that is paged will continue the UL access procedure for receiving e.g., an incoming call/data transfer, and the remaining UEs will receive a false paging indication.
In the last RAN 2 meeting # 97, some companies have raised their concerns about the extent of UE UL access using paging indicators. To address this issue, we quantify in this contribution the number of UEs performing UL access per PO in a cell for different paging configuration parameters. 
2	Evaluation Methodology
In this section, we explain the methodology used to evaluate the number of UEs performing UL access per PO in a cell. 
The definitions of some parameters used in the calculations are provided in the following:
· The total number of UEs that are monitoring the paging channel in a cell is given by Nc.
· The DRX cycle of the UEs is given by T. It is assumed that all the UEs have the same default DRX value.
· The number of POs per DRX cycle is given by the parameter nB as in LTE, e.g., nB = 1/32 T, 1/16 T, …, 4T where T is given in terms of radio frames of 10 ms. For instance, if T = 320 ms, or equivalently 32 radio frames, nB = 1/2 T = 16 POs within one DRX cycle.
Each UE in the cell belongs to a Paging Group (PG) whose ID can be computed, for instance, as follows:

where IMSI denotes International Mobile Subscriber Identity and Ng the total number of UE groups. 
Due to the random nature of the IMSI, the UEs in the cell are assumed to be distributed evenly over all PG IDs. It could happen that one PG ID has more UEs than others, but for high Ng value the probability of having a high difference in the number of UEs per PG is too small. Accordingly, the number Np of UEs per group is computed as follows

The Ng groups of UEs can be distributed equally over all POs within a DRX cycle. As such, the number Ng,PO  of groups monitoring the same PO is given by

The length of the bitmap used in the DL paging is determined by Ng,PO. For instance, if Ng,PO = 32, then 32 bits are needed in DL where each PG in a PO would monitor one specific bit of the bitmap, e.g., PG 1 monitor the first bit, PG 2 the second bit and so on. The details on how the UE maps its PG to a specific bit of the bitmap is FFS.
Let g denote the number of PGs that are paged in a PO, i.e., g = 1, …, Ng,PO. The total number Na of UEs that will perform UL access per PO is denoted by 

For a fixed nB, configuring a higher value of Ng would decrease the number of UE performing UL access per PO, see Eq. (4), at the expense of an increase in Ng, PO, see Eq. (3), indicating the length of the DL bitmap. Thus, the value of Ng controls the trade-off between the DL and UL radio resource overhead for a fixed nB. 
In the worst case, all the PGs of a PO are paged, i.e., g = Ng,PO. In this case, the maximum number Na of UEs that would perform UL in a PO in a cell can be computed as

Note that the maximum value of Na is independent of the number of groups Ng. 
3	Performance Evaluation
In this section, we compute using Eq. (5) the maximum number Na of UEs performing UL access in a PO assuming that all UEs in a cell are distributed evenly over all PGs for different values of Nc and nB. Then, we show using calculation results how the trade-off between the DL and UL radio resource overhead can be controlled using the configuration parameter Ng .
3.1	Calculation Results
The maximum number Na  of UEs performing UL access in a PO is shown in Fig. 1 as a function of the number of POs per radio frame nB/T with the number of UEs in a cell Nc as a parameter for different DRX cycle T. 
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(a) T = 320 ms.											         (b) T = 640 ms.	 
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(c) T = 1280 ms.											         (d) T = 2560 ms.
Figure 1: The maximum number Na  of UEs performing UL access as a function of the number of POs per radio frame nB/T with Nc as a parameter for different DRX cycle T.
In Fig. 1, the maximum value of Na has been limited to 32, as an example design criterion. According to the figure, it is shown that the maximum number of UL access Na  decreases for higher value of nB/T irrespective of the DRX cycle T. This is because for higher nB/T, the number of POs within a DRX cycle increases which reduces the number of UEs monitoring the same PO.  
Observation 1: The number of UEs performing UL access per PO reduces for higher number of POs within a DRX cycle.
For a given value of nB/T, the maximum number of UL access Na per PO increases for a higher number Nc of UEs per cell. This is because for a fixed number of POs in a DRX cycle, the number of UEs monitoring the same PO increases for higher Nc.
Observation 2: The number of UEs performing UL access per PO increases for a higher number of UEs per cell.
For a given number of POs per radio frame nB/T and number Nc of UEs per cell, the maximum number of UL access Na per PO decreases for a higher value of DRX cycle T. This is because the number of POs per DRX cycle increases for higher T which in turn reduces the number of UEs monitoring the same PO.
Observation 3: The number of UEs performing UL access per PO decreases for a higher DRX cycle given that the numbers of POs per frame and UEs in a cell remain the same.
More importantly, the results of Fig. 1 show that the maximum number Na of UL access per PO in a cell can be controlled by properly configuring nB/T for a given DRX cycle and maximum number Nc of UEs per cell, which depends on the scenario as in any other network planning optimization problem. For instance, setting nB/T= 1 for UEs configured with a DRX cycle of T = 640 ms allows in the “worst-case” 16 UEs to perform UL access per PO in a scenario where the number of UEs per cell can be up to 1024, see Fig. 1(b). To support a higher number of UEs in a cell that is up to 2048, the network should configure nB/T = 2 instead of 1 to increase the number POs within a DRX cycle as shown in Fig. 1(b).
Observation 4: The number of UEs performing UL access per PO can be controlled by proper configuration of paging parameters as in any other network planning optimization problem.
3.2	Trade-off between DL and UL Radio Resource Overhead
In this section, we show how the trade-off between the DL and UL radio resource overhead can be controlled using the number Ng of PGs for a fixed nB.
The number Ng,PO of PGs per PO, determining the length of the DL bitmap in bits, is shown in Fig. 2 for a DRX cycle of T = 320 ms as a function of the number of POs per frame nB/T with the total number Ng of PGs as a parameter. According to the figure, the length of the DL bitmap decreases for higher value of nB/T since less number of PGs monitor the same PO.
Observation 5: The length of the DL bitmap, determining the radio resource overhead in DL, decreases for higher configuration of nB/T.
Moreover, the length of the DL bitmap is much smaller than the paging message containing the UE IDs which reduces significantly the downlink radio resource overhead.
[image: ][image: ]Figure 2: Number Ng,PO of PGs per PO, determining the length of the DL bitmap in bits, is shown for DRX cycle of T = 320 ms as a function of the number of POs per frame nB/T with the total number Ng of PGs as a parameter.

Figure 3: Number Np of UEs per PG as a function of the total number Ng of PGs with the number Nc of UEs per cell as a parameter.



Fig. 3 shows the number Np of UEs per PG as a function of the total number Ng of PGs with the number Nc of UEs per cell as a parameter. Herein, Np decreases for higher Ng since less the number of UEs would monitor the same PG. A  smaller Np leads to a smaller number Na of UL access per PO in a cell as shown in Eq. (4).
Observation 6: The number of UEs per paging group decreases for higher number of paging groups.
Increasing Ng reduces Np and in turn the number of UL access per PO as shown in Fig. 3, however, for a fixed nB/T the length of the DL bitmap in bits would increase causing more DL radio resource overhead. For instance, increasing Ng in Fig. 3 from 128 to 512 reduces Np from 8 to 2 for a cell with 1024 UEs, however, the length of the DL bitmap would then increase from 4 bits to 16 bits for nB/T = 1 as shown in Fig. 3. 
Observation 7: The number of paging group controls the trade-off between the DL and UL radio resource overhead for a given number of POs per DRX cycle.
It has been shown in this analysis that the number of UL access can be controlled for the paging indicator method by proper configuration of the paging parameters. As proposed in [4], paging indicator can be used as an option that can be configured by the network for paging the UEs depending on the network setup and scenario.
4	Conclusion
In this contribution, we have evaluated the UL access overhead of the paging procedure that uses paging indicator. The following has been observed:
Observation 1: The number of UEs performing UL access per PO reduces for higher number of POs within a DRX cycle.
Observation 2: The number of UEs performing UL access per PO increases for a higher number of UEs per cell.
Observation 3: The number of UEs performing UL access per PO decreases for a higher DRX cycle given that the numbers of POs per frame and UEs in a cell remain the same.
Observation 4: The number of UEs performing UL access per PO can be controlled by proper configuration of paging parameters as in any other network planning optimization problem.
Observation 5: The length of the DL bitmap, determining the radio resource overhead in DL, decreases for higher configuration of nB/T.
Observation 6: The number of UEs per paging group decreases for higher number of paging groups.
Observation 7: The number of paging group controls the trade-off between the DL and UL radio resource overhead for a given number of POs per DRX cycle.
Proposal 1: Allow the configuration of flexible length paging indicators.
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