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1 Introduction
[bookmark: _Ref178064866]In RAN1 #87 meeting, it was agreed that for paging in multi-beam operation, beam sweeping will be supported for paging transmission in NR. However, the major concern of beam-swept paging transmission is the large consumption on the DL radio resources since the number of SS-block beams can be up to 64. It was further agreed in RAN1 #90 and NR_AH#3 meetings that,
Agreements in RAN1 #90:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping
· E.g., techniques to reducing the paging sweeping beams
Agreements in RAN1 AH#3 meeting:
· For paging, RAN1 to down-select from the following options
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2.
· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options. LS to be drafted in R1-1716912, which is agreed in R1-1716918.
In this contribution, we discuss on the downlink paging overhead reduction with a paging termination mechanism.
2 Discussion
2.1 Paging Response Time
In LTE, it is possible that the operator sets the paging configurations to the same values for all cells in a tracking area (TA), and under such scenario the Paging Frame (PF) and Paging Occasion (PO) can be aligned among these cells for a given paged UE. This is reasonable for LTE since LTE has a simple numerology, and the paging load is small and relatively the same among all cells since there is no beam-sweeping operation. 
However, NR has much more complicated numerology due to much larger range of spectrum, and the number of beams required to sweep the whole cell will depend on not only the carrier frequency, but also the gNB capability (e.g. number of antenna arrays, number of TRPs) and deployment conditions (e.g. coverage area, surroundings). Therefore, it could be difficult to align the paging timing of one UE among cells with very different operating conditions in one TA or one UE-specific notification area (NA). Furthermore, the paging load overhead increases proportionally with the number of SS-Block beams of the cell, where the maximum number of SS-Blocks can be up to 64. With the same paging rate, the paging load of a cell with 64 SS-Blocks can be 64 times of that of a cell without beam-sweeping. Therefore, it may be also not desirable to configure the same paging configurations among all cells in NR. 
1. It could be difficult and also not desirable to configure the same paging configurations among the cells with very different operating conditions in NR.
For CN-initialed paging in LTE, the average paging response time (not considering retransmissions) from the transmission of paging message by eNB to the reception of paging response by CN is about 20.5 ~ 33.5 ms. Such value can be estimated as the total delay from step 1 to step 8 in Figure 1, excluding step 6, with the typical values for the signaling latency over Uu and S1 interfaces provided in [TS 25.912 V14.0.0]. The average paging response time is relatively small even comparing to the minimum DRX cycle of 32 radio frames. For NR, the processing time of the UE, gNB and CN can be expected to be faster than that of LTE, and the TTI can also be expected to be shorter with high carrier frequency. Therefore, the paging response time in NR can be considerably smaller. For the RAN-initialed paging, the paging response time can be expected to be even smaller since the CN is not involved. Since the DRX cycle (in LTE) can be as large as 2.56 seconds for normal DRX and 2621.44 seconds for extended DRX, the paging message may have not been transmitted in some cells while the paged UE already responded in the camped cell. The waste of radio resources due to the unnecessary paging transmission should be avoided in NR.
1. The paging response time in NR can be very small comparing with the DRX cycle, and thus the paging message may have not been transmitted in some cells while the paged UE already responded in the camped cell.
[image: C:\Users\xiangchen\Google Drive\P_5G_TCL\NR_RAN2\ASTRI\idea 16\RA latency.png]
[bookmark: _Ref494119041]Figure 1: Signaling latency estimation in LTE [TS 25.912 V14.0.0].
2.2 Paging Termination Mechanism
To take advantage of the unaligned paging timing among the cells, a paging termination mechanism is proposed as follows.
a) Introduce Paging Termination message upon the reception of the paging response from the paged UE, to stop the un-transmitted paging messages in some of the cells
For CN-initiated paging, a Paging Termination message can be introduced to stop the un-transmitted paging messages in some of the cells, where the un-transmitted paging can be due to the unaligned paging timings caused by different paging configurations and beam related configurations in different cells, or due to the configured paging-delay (if supported). Paging Termination message can be triggered at the CN upon the reception of the paging response from one of the gNBs in the TA. An early paging response can be triggered upon the reception of Msg 3 (e.g. RRC Connection Request message), where the gNB is able to identify the UE based on the UE identity contained in Msg 3.
For RAN-initiated paging, the Paging Termination message can be triggered at the anchor gNB upon the reception of the RRC Connection Resume Request message from the UE, if the UE camps on the anchor gNB; or upon the reception of the Retrieve UE Context Request message from one gNB within the NA, if the UE camps on a non-anchor gNB. The Paging Termination message will be delivered to other gNBs within the configured NA, to stop the un-transmitted paging messages.
1. A Paging Termination message can be introduced to stop the un-transmitted paging messages in some of the cells by CN for CN-initiated paging or by anchor gNB for RAN-initiated paging.
b) Introduce paging-delay IE, such that the cells with low probability of being camped on will initial the paging transmission with a configured delay
The CN/anchor gNB can have an estimation on the UE’s location and trajectory on cell level, based on the estimated UE speed, historical trajectory and the recent UE activities such as TA/NA update, RRC connection release, RRC connection suspend, RRC connection reject (for false-alarm resolution in response-driven paging), on-demand SI request, etc. Another possible case is the overlaid network deployment due to large range of available spectrum resources in NR, where several cells with different carrier frequencies can have overlaid coverage, and the CN/anchor gNB can determine which layer of cells the UE may camp on based on the cell select/reselect priority. Then, the CN/anchor gNB can configure the paging-delay IE to the cells with low probability of being camped on in idle/inactive mode and with large number of swept beams, while other cells are not delayed. The paging-delay can be set to e.g. one paging cycle. For high priority or delay sensitive paging messages, it is network implementation to decide whether to configure the paging delay. All above information required for determining whether and how to configure the paging delay is already available at the CN/anchor gNB, and thus there is no extra cost.
1. A paging-delay IE can be introduced such that the cells with low probability of being camped on will initial the paging transmission with a configured delay.
To further illustrate the proposed paging termination mechanism, several exemplary signaling flows are shown below for both the CN-initiated paging and RAN-initiated paging. It should be noted that the proposed mechanism is applicable to both the legacy paging and the indication-based paging schemes (if supported), and we only illustrate the signaling flow with the legacy paging mechanism here. When used indication-based paging, the paging false-alarm probability can be reduced since some unnecessary PI transmissions are avoided.
As shown in Figure 2, the CN initials a paging and sends the paging message to the cells belonging to the TA of the UE. An optional paging-delay IE can be included and configured to some of the cells (belonging to gNB 3). After one gNB (gNB 1) finds the paged UE and responses to the CN, the CN will initial a Paging Termination message to stop the un-transmitted paging messages in some of the cells (belonging to gNBs 2 and 3). 


[bookmark: _Ref494122507]Figure 2: Signaling flow of proposed CN-initiated paging.
Figure 3 illustrates the signaling flow of proposed RAN-initiated paging when UE camping on the anchor gNB. After received an indication from the CN (e.g. incoming call for a UE), the anchor gNB 1 sends the paging messages to the cells within the NA. The paging-delay IE is optionally configured to some of the cells if needed. Upon the reception of the RRC Connection Resume Request message, the anchor gNB 1 finds the paged UE, and then sends the Paging Termination message to other cells to stop the un-transmitted paging messages.


[bookmark: _Ref494122748]Figure 3: Signaling flow of proposed RAN-initiated paging when UE camping on the anchor gNB.
Figure 4 illustrates the signaling flow of proposed RAN-initiated paging when UE camping on a non-anchor gNB. Upon the reception of the RRC Connection Resume Request message, gNB 2 sends the Retrieve UE Context Request message to the anchor gNB 1 to retrieve the UE context based on the A-RNTI of the paged UE. Then the anchor gNB 1 will be aware that gNB 2 has found the paged UE, and initial the Paging Termination message to rest of the cells.


[bookmark: _Ref494122795]Figure 4: Signaling flow of proposed RAN-initiated paging when UE camping on a non-anchor gNB.
3 Conclusion
The followings have been observed:
1. It could be difficult and also not desirable to configure the same paging configurations among the cells with very different operating conditions in NR.
1. The paging response time in NR can be very small comparing with the DRX cycle, and thus the paging message may have not been transmitted in some cells while the paged UE already responded in the camped cell.
The followings have been proposed:
1. A Paging Termination message can be introduced to stop the un-transmitted paging messages in some of the cells by CN for CN-initiated paging or by anchor gNB for RAN-initiated paging.
1. A paging-delay IE can be introduced such that the cells with low probability of being camped on will initial the paging transmission with a configured delay.
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