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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.

As stated in point 6, it is still open whether the UE is paged using an LTE-like paging message containing the UE ID such as S-TMSI or IMSI, or using paging indicator which has been discussed in [2]. In the latter approach, a group of UEs monitor a paging indicator, which could be a bit in a bitmap, and perform uplink (UL) access upon receiving an indication from the network, i.e., bit set to 1. The UEs that are 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.
Each paging approach has its pros and cons depending on the network setup, e.g., transmission bandwidth, carrier frequency and number of transmit antenna arrays, scenario, e.g., paging rate, or service characteristics, e.g., required latency and energy efficiency. In order to provide the network with full flexibility to decide on the paging method to be used depending on the network setup and scenario, we propose in this contribution a configurable paging procedure where either paging message or paging indicator is used, or both.
First, we summarize the pros and cons of paging message and paging indicator approaches. Then, we discuss the configurable paging procedure.
2	Pros and Cons of Paging Message and Paging Indicator 
The main pros and cons of paging message and paging indicator approaches are summarized in Table 1.

Table 1: Comparison between Paging Message and Paging Indicator approaches.
	
	Paging Message
	Paging Indicator

	Downlink (DL) radio resource overhead
	· Very high in following cases [3]:

1. High number of beams are used in beam sweeping, e.g., high carrier frequency systems.
2. Small transmission bandwidth such as 40 MHz.
3. Small number of antenna arrays.
4. High paging rate.
	· Configurable [4] and the level of overhead depends on the number of paging groups that can be paged in a Paging Occasion (PO). If e.g. 32 paging groups can be paged in a PO, then 32 bits are needed, i.e., each paging group monitors one bit.
· A proper configuration should lead to much smaller DL overhead since a paging indicator has much smaller length than UE ID, i.e., one S-TMSI has a length of 40 bits.

	UL radio resource overhead
	·  Low as only the UEs that are paged perform UL access.
	· Configurable [4] and the level of overhead depends on the number of paging groups monitoring one PO and the number of UEs per paging group.
· The UL overhead is expected to be higher since a group of UEs may need to perform UL access although some of them may be only paged.

	Trade-off between DL and UL radio resource overhead
	· Imbalance between DL and UL where the DL radio resource overhead can be very high and the UL overhead low.
	· Better trade-off between DL and UL radio resource overhead can be achieved by proper configuration.

	False paging 
	· Exists in DL only: Some cells in the Tracking Area (TA) need to send the paging message although the paged UEs may not be in these cells. Herein, the impact on DL radio resource overhead is more critical than paging indicator approach since the size of the paging message containing the UE IDs is higher.
	· Exists in DL: Some cells in the TA need to send the paging indication although the paged UEs may not be in these cells. However, the impact on DL radio resource overhead is smaller than paging message approach since the length of the paging indicators is smaller than UE ID.

· Exists in UL as a group of UEs may need to perform UL access although some of them are only paged.

	UE power consumption
	·  Low
	· Expected to be higher on average due to increased UL access.



Based on this comparison, the following observations can be made:
Observation 1: The downlink radio resource overhead in the paging message approach can be very high for high number of beams in beam sweeping and paging rate and for small number of transmit antenna arrays and transmission bandwidth.
Observation 2: The paging indicator approach can be configured to achieve a better trade-off between downlink and uplink radio resource overhead at the expense of an increase in UL false paging and UE power consumption.
3	Configurable Paging Procedure
In the configurable paging procedure, the network would be able to select the method for paging the UEs based on network setup, scenario, service characteristics, UE type, etc. This enables a consistent UE procedure for paging regardless of whether the system operates with a single- or multi-beam. 
Three configuration approaches are available as follows:
1. Option 1: UEs are paged using paging message containing UE IDs, e.g., S-TMSI, as in LTE. This option is useful when the DL radio resource overhead resulting from paging is tolerable as in the following cases:
a. The number of beams in beam sweeping is not that high such as in systems operating at low carrier frequency systems. 
b. The number of transmit antenna arrays is high, e.g., 4 or 8 antenna arrays.
c. The transmission bandwidth is large e.g., 80 MHz.
d. The paging rate of the UEs is low.

2. Option 2: The UEs are paged using paging indicators. This option would be useful in the cases when the DL radio resource overhead would be significant if Option 1 is used. In this case, a better trade-off between DL and UL radio resource overhead can be achieved by proper configuration of the paging parameters [4].

3. Option 3: Both paging message containing UE IDs and paging indicators are used to page the UEs. This option provides the network with a high degree of flexibility to page the UEs depending on the situation. For instance, if multiple paged UEs belong to the same paging group, then the network can use the paging indicator to page the UEs instead of transmitting the UE IDs. In another example, if the number of UEs to be paged exceeds the paging message container size, then the network can use the paging indicator to page the remaining UEs and decrease further the blockage probability. In addition, if there are some UEs that are paged by IMSI rather then S-TMSI, then the network can use the paging message to page these UEs to avoid in this case the excessive latency of the paging indicator approach [2].
Observation 3: The network can configure the paging message containing the UE IDs for paging the UEs when the downlink radio resource overhead is tolerable. 
Observation 4: The network can configure the paging indicator for paging the UEs when the downlink radio resource overhead is intolerable for the given network setup and scenario.
Observation 5: Both paging message containing the UE IDs and paging indicator can be used to page the UEs, which allows the network to optimize its paging transmission depending on the situation.
Proposal 1: The paging mechanism is configurable by the network. It can be based on either the paging message containing UE IDs, or the paging indicator or both used at the same time.
4	Conclusion
In this contribution, we have analysed the pros and cons of the paging message and paging indicator approaches and proposed a configurable paging procedure where the network can configure one of them or both. 
The following has been observed and proposed:
Observation 1: The downlink radio resource overhead in the paging message approach can be very high for high number of beams in beam sweeping and paging rate and for small number of transmit antenna arrays and transmission bandwidth.
Observation 2: The paging indicator approach can be configured to achieve a better trade-off between downlink and uplink radio resource overhead at the expense of an increase in UL false paging and UE power consumption.
Observation 3: The network can configure the paging message containing the UE IDs for paging the UEs when the downlink radio resource overhead is tolerable. 
Observation 4: The network can configure the paging indicator for paging the UEs when the downlink radio resource overhead is intolerable for the given network setup and scenario.
Observation 5: Both paging message containing the UE IDs and paging indicator can be used to page the UEs, which allows the network to optimize its paging transmission depending on the situation.
Proposal 1: The paging mechanism is configurable by the network. It can be based on either the paging message containing UE IDs, or the paging indicator or both used at the same time.
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