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1	Introduction
The concept of beam sweeping in New Radio (NR) operating at high frequency band has been discussed in [1] along with its implications on control information provisioning. In order to compensate for the high path loss, high gain beams with narrow half power beam-width are used for downlink transmission and uplink reception.  As the number of concurrent high gain beams is limited in Next Generation-Node B (NG-NB), beam sweeping is required to cover the whole cell area with common channels. In downlink direction, these common channels are used to provide the User Equipment (UEs) with synchronization signals, cell/beam reference signals, system information (cf. MIB & SIB in LTE) as well as paging information. In uplink direction, beam sweeping is performed by NG-NB to allow RACH access via any beam direction in the cell.
In this contribution, we focus on the provisioning of paging information in NR operating in high frequency band. This feature would be essential for a scenario where only NR small cells (intra-frequency small cell) is deployed [2]. In a scenario consisting of overlaid NR small cells that are assisted by overlaying macro cell operating in low frequency band, the addressed paging issue would be as well relevant if the NR smalls are foreseen to provide the paging information to its served UEs. We highlight first the problem that arises when providing the paging information using beam sweeping in case of an incoming call or data transfer. Then, we propose an alternative solution that can be considered further in upcoming studies. 

2	Impact of Provisioning Paging Message using Beam Sweeping	
The paging mechanism is used by the network to inform the UE about an incoming call or data message as well as for any system information update, Earthquake and Tsunami Warning System (EWTS) primary and secondary notifications or Commercial Mobile Alert Service (CMAS) [3]. The paging agent (cf. MME in LTE) sends a paging message to all NG-NBs belonging to the list of Tracking Area IDs (TAIs) for which the UE is registered to and the NG-NBs transmit in turn the paging message to the UEs. Upon decoding the paging message on a specific Paging Occasion (PO), the UE can know if it shall access the network for an incoming call or data transfer by checking the identities of the paged users. If the identity of the UE is listed in the paging record list, then the UE shall access the network to receive the call or data. 
In NR, the paging agent of the UE could be different depending on the RRC state of the paged UE. If the paged UE is in RRC idle, the paging agent is the MME. However, if the UE is in RAN controlled inactive state [4] the paging agent may be the NG-NB terminating the S1 connections of the UE (anchor NG-NB).
The size of the paging message is dominated by the size of the paging record list containing the identities of the UEs that are paged. For RRC idle UE, the paging identity can be either SAE-Temporary Mobile Subscriber Identity (S-TMSI) of 40 bits (5 octets) or International Mobile Subscriber Identity (IMSI) of 64 bits (8 octets). The IMSI is used only in some abnormal cases for error recovery [5] . For RAN controlled inactive state, if RAN triggered paging is used the paging identity could be the Resume ID which is used to address the stored AS context at the anchor NG-NB. The Resume ID has a length of 40 bits as specified in [3]. 

In LTE, 16 UEs can be paged simultaneously in one PO. If we keep this requirement for NR, the size of the paging record list for RRC Idle UEs can be between 640 bits and 1024 bits corresponding to the case when all UEs are paged using S-TMSI and IMSI, respectively. If the paged UEs are in RAN controlled inactive state, the size of the paging message can be up to 640 bits. As such, the transmission of the paging record list to all RRC idle and RAN controlled inactive state UEs using beam sweeping is extremely expensive in terms of radio signalling considering the large size of the paging record list.
Observation 1: Transmission of the paging record list to all UEs using beam sweeping is extremely expensive in terms of radio signalling.
In addition, the paging record list has to be transmitted in all cells belonging to the TAIs (depending on whether the release 13 paging optimizations are used or not) even though the paged UEs are camped in most of the cases to a small subset of these cells. Thus, a high number of cells will transmit the paging record list in vain resulting in permanent waste of radio resources.
Observation 2: A high number of cells belonging to the TAIs to which the paged UEs have registered can transmit the paging record list in vain.

3	Response-Driven Paging Procedure for NR
3.1	Key Features
In order to reduce the radio signalling overhead, it is proposed for NR that the UE monitors one specific Paging Indicator (PI) per PO. Different groups of UEs monitor different PIs. PI can be a Paging Group Identity (PGID), e.g., PGID = 1, 2, …, or a specific bit position in a bitmap which is similar to what is already specified in 3G [6], e.g., a bitmap of N bits can differentiate between N groups/PIs. All UEs in the group that are monitoring the same PI and able to decode the paging message perform uplink access if their corresponding PI is indicated/set in PO (irrespective of whether it is a paged UE or not). In the uplink access, these UEs convey their user identity to NG-NBs which in turn compare the user identities received from the UEs with the list of user identities for the paged UEs received from the paging agent. Then, NG-NBs reply with a response to all those UEs that are paged, and, for other UEs monitoring the same PI but are not paged do not get a response from the NG-NB or as an alternative option receive a false paging indication. 
Fig. 1 shows the paging signalling flow for RRC idle UEs when paging record list received from the paging agent (MME) contains only S-TMSIs. Note that only PIs are transmitted using beam sweeping and all other messages between the UE and the network are signalled using dedicated transmission. In case the paged UEs are in RAN controlled inactive state and if the paging agent is anchor NG-NB using Resume ID, the same signalling flow could be made to work replacing S-TMSI with Resume ID if needed.
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Figure 1: Signalling flow when all RRC Idle UEs are paged using S-TMSI.
Using this approach, the paging record list need not be transmitted over the downlink since the network is checking now as to which UEs are paged. This requires that PIs having much smaller size than paging record list are transmitted using beam sweeping instead of paging record list. Transmission of PIs rather than the complete paging record list leads to a much better usage of radio resources and to more efficient system.
Observation 3: Transmission of PIs instead of paging record list reduces the signalling overhead in downlink. 
Observation 4: Cells with no paged UEs transmit only PIs and are not impaired by high downlink signalling overhead resulting from the transmission of the complete paging record list.
This response-driven paging procedure achieves a high reduction in downlink signalling overhead at the expense of an increase in uplink access overhead. This is because all UEs monitoring the same PI have to perform uplink access although some of them are not truly paged. If the number of UEs monitoring the same PI is high, the uplink signalling overhead becomes higher, but the overhead in downlink reduces since the number of bits required to encode PIs becomes smaller, i.e., the higher the number of UEs monitoring the same PI, the smaller the size of paging message with PIs. Such trade-off between downlink and uplink signalling overhead is not possible in the solution described in section 2 where the downlink signalling overhead is very high due to the transmission of the paging record list using beam sweeping and the uplink signalling overhead is low as only UEs that are paged perform uplink access. Accordingly, the proposed paging procedure can allow a more fair balance between the downlink and uplink signalling overhead that can be controlled by the mobile operator as any other network optimization problem. 
Observation 5: The response-driven paging procedure can allow a more fair balance between the downlink and uplink signalling overhead that can be controlled by the network.
3.2	Signalling Flow for RRC Idle UEs Paged by S-TMSI and IMSI
The signalling flow between the UE and NG-NB will depend on whether all the RRC Idle UEs are paged using S-TMSI or not, i.e., in some abnormal cases an RRC idle UE can be paged using IMSI. Fig. 2 shows the signalling flow when some of UEs are paged using IMSIs. 
.
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Figure 2: Signalling flow when some of RRC idle UEs are paged using IMSIs.
In contrast to Fig. 1, Fig. 2 shows that the NG-NB has to send the list of IMSIs received in paging record from the paging agent to all UEs that failed an S-TMSI match at the NG-NB. As such, these UEs can check now if they are paged or not by comparing their user identities with the list of IMSIs received from NG-NB. It is noteworthy to mention that the signalling flow in Fig. 2 is needed only in some abnormal cases which are infrequent. In most of the cases, the slim signalling procedure of Fig. 1 will be used. Nevertheless, there is some access delay for the RRC idle UEs that are paged using IMSI compared to those that are paged using S-TMSI. 
Observation 6: UEs that are paged using IMSI in some abnormal cases experience additional access delay compared to UEs that are paged using S-TMSI.
However, considering that the round-trip delay in NR operating at high carrier frequency is much shorter than in LTE, it may turn out that the delay is still within the acceptable range. Moreover, optimization of the proposed signalling to overcome this issue is for further study. 
Based on this analysis, we propose to capture the response-driven paging procedure for NR operating at high frequency band in RAN2 TR.
Proposal 1: Capture the response-driven paging procedure for NR operating at high frequency band in RAN2 TR and agree on the text proposal provided in the appendix
4	Summary
In this paper, we have analysed the drawbacks of transmitting the paging record list using beam sweeping in NR operating in high frequency bands. The following has been observed:
Observation 1: Transmission of the paging record list to all UEs using beam sweeping is extremely expensive in terms of radio signalling.
Observation 2: A high number of cells belonging to the TAIs to which the paged UEs have registered transmit the paging record list in vain.
As an alternative solution, a response driven paging procedure using PI is proposed to overcome the high signalling overhead in downlink. The following has been observed for this solution:
Observation 3: Transmission of PIs instead of paging record list reduces the signalling overhead in downlink. 
Observation 4: Cells with no paged UEs transmit only PIs and are not impaired by high signalling overhead resulting from the transmission of the complete paging record list.
Observation 5: The response-driven paging procedure can allow a more fair balance between the downlink and uplink signalling overhead that can be controlled by the network.
Observation 6: UEs that are paged using IMSI in some abnormal cases experience additional access delay compared to UEs that are paged using S-TMSI. 
Based on this analysis, the following is proposed:
Proposal 1: Capture the response-driven paging procedure for NR operating at high frequency band in RAN2 TR and agree on the text proposal provided in the appendix
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Appendix: Text Proposal for TR 38.804
Beginning of Text Proposal
[bookmark: _Toc453622034][bookmark: _Toc453622026]5.5	RRC
Editor’s note: intended to capture both tight interworking and standalone aspects.
[bookmark: _Toc453622035]5.5.1	Functions
5.5.1.X	Paging (HF operation)
In HF operation an UE monitors one specific Paging Indicator (PI) per PO such that different groups of UEs monitor different PIs. The network transmits N such PI’s during each PO. In that sense, a PI could be viewed as a Paging Group Identity (PGID). All UEs in the group that are monitoring the same PI and able to decode the paging message perform uplink access if their corresponding PI is indicated/set in PO. In the uplink access, UEs convey their user identity to NG-NBs. In response, the NG-NBs reply to only those UEs that have paging messages. 
Fig. 1 shows the paging signalling flow for RRC idle UEs when paging record list received from the paging agent (e.g. MME or Next Gen Core) contains a NAS level identifier e.g. S-TMSIs. Note that only PIs are transmitted using beam sweeping and all other messages between the UE and the network are signalled using dedicated transmission. In case the paged UEs are in RAN controlled inactive state and if the paging agent is anchor NG-NB using a temporary identity e.g. the Resume ID, the same signalling flow could be made to work replacing S-TMSI with Resume ID if needed.
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Figure 1: Signalling flow when all RRC Idle UEs are paged using S-TMSI.
In some abnormal cases for error recovery [5], an RRC idle UE can be paged using a permanent NAS identity e.g. IMSI. Fig. 2 shows the signalling flow when some of RRC idle UEs are paged using IMSIs rather S-TMSIs, i.e., the paging record list received from the paging agent contains S-TMSIs and IMSIs.   
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Figure 2: Signalling flow when some of RRC idle UEs are paged using IMSIs.
In contrast to Fig. 1, Fig. 2 shows that the NG-NB has to send the list of IMSIs received in paging record from the paging agent to all UEs that failed an S-TMSI match at the NG-NB. As such, these UEs can check now if they are paged or not by comparing their user identities with the list of IMSIs received from NG-NB. It is noteworthy to mention that the signalling flow in Fig. 2 is needed only in some abnormal cases which are infrequent. In most of the cases, the slim signalling procedure of Fig. 1 will be used. Nevertheless, there is some access delay for the RRC idle UEs that are paged using IMSI compared to those that are paged using S-TMSI. 
However, considering that the round-trip delay in NR operating at high carrier frequency is much shorter than in LTE, it may turn out that the delay is still within the acceptable range. Moreover, optimization of the proposed signalling to overcome this issue is for further study. 
End of Text Proposal
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