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1 Introduction 

Paging is an essential feature for NR SA. In contrast to LTE, the paging mechanism in NR needs to consider the operation in the multi-beam scenario. Since LTE is the baseline for NR paging design, this contribution we first analyze the mechanism of paging in LTE. Then we describe two new paging mechanisms proposed for NR with intention to reduce signaling overhead, including the response driven approach discussed in RAN2 and the trigger mode paging discussed in RAN1. There are several variants to the response driven approach, and it seems hard to reach a consensus before the end of Rel-15. Further, RAN1 did not agree the trigger mode paging mechanism either.

Based on the current situation, we suggest that there is no need to introduce a new paging mechanism in Rel-15 (i.e. reuse the LTE baseline).
2 Discussions

2.1 Paging mechanism in LTE and potential issue in NR 

2.1.1 Paging mechanism in LTE

In LTE, idle mode UE monitors paging every DRX cycle. UE monitors one paging occasion (PO) in a specific paging frame (PF) per DRX cycle. One PF is one radio frame which may contain one or multiple PO(s). One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH. In LTE, PDCCH and corresponding PDSCH scheduled by PDCCH is received in same subframe. So UE receives both 'DCI scheduling paging message' and 'paging message' in PO.

In LTE, paging signaling is omnidirectional (i.e. the UE is expected to receive the paging in a given PO anywhere within the cell). UE and eNB calculates PF and PO based on equation which is in specification [36.304].  An example of PO and paging DRX cycle is showed in figure 1.
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Figure 1 : paging mechanism in LTE
2.1.2 Paging in HF operation
RAN1 has also discussed the paging transmission using multiple DL TX beams and has made the following agreements [ RAN1 #87 Chairman Notes]:


Based on these agreements we propose that paging message can be transmitted using beam sweeping. 

Observation 1: Paging message can be transmitted using beam sweeping.

2.1.2.1 Discussion concern of Signalling overhead in the SI phase

Concerns of signalling overhead for paging with beam forming have been discussed in the SI stage. Various simulation data can be found in [4][5]. Signaling Overhead concern can be mitigated with the introduction of some configurations such as antenna arrays [5]. The issue of high signaling overhead was also discussed during the RAN2 #97 meeting. After online discussions and offline discussions, there was no consensus that the issue needs to be solved.

	R2-1700807
Paging in NR at HF operation
Nokia, Alcatel-Lucent Shanghai Bell
discussion
Rel-14
FS_NR_newRAT

=>
Offline discussion to see if anything can be captured in the TR (Nokia, offline discussion 41)

-
Update from offline from Nokia: Not enough information that there is a paging issue. But can agree that the NR paging efficiency should be better that LTE. Nothing to be captured in the TR.


Observation 2: No consensus that concern of the Signalling overhead at HF operation should be solved in Rel-15.

2.1.3 Response-driven mechanism
One new mechanism discussed in RAN2 is Response-driven mechanism with the intention to reduce down-link paging signaling. Several variants of response driven mechanism have been provided in several contributions[6][7][8][9]. The details of these solutions vary, but the main principle can be illustrated by the following figure 2.
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Figure 2: Paging Response-driven operation

Step 1: gNB sends DCI of paging message 

Similar in LTE, during UE’s Paging occasion, NR gNB sends DCI for paging message. The DCI may be sent in beam sweep mode. The DCI schedules the resource for UE ‘s paging message in each down-link beams.
Step 2: gNB sends paging message to UEs

gNB sends paging message in the scheduled resource. The paging message is transmitted by beam sweeping or Quasi-omnidirectional way depends on RAN1’s progress.

The paging indication which may be applicable for a group of UEs is transmitted in the Paging message.

 Step 3: UE begins response-driven operation

After receiving the paging indication, the group of UEs trigger paging response -. Based on different approaches , UE may carry UE ID in MSG1 or in MSG 3 and gNB may carry UE ID in MSG2.

Since gNB only provides group information in paging message,  “false-alarm” effect may take place. This means all UEs within the group initiate the paging response and this increases the signaling in up-link. 
Observation 3: There is currently no consensus on the proposed solutions for Response driven paging mechanisms. Moreover, it is not clear that the mechanisms will actually result in an overall reduction in signaling (especially in up-link).
2.1.4  Trigger mode paging mechanism
Several new mechanisms with the intention to reduce down-link paging signaling also discussed in other group. RAN1 discussed the following paging mechanisms in the past meetings, the detail is copied below for easy reference.

	• 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.


We name the option 2 in RAN1 as trigger mode paging approach in this contribution. The paging indication triggers UE beam reporting and is also useful to reduce paging overhead in multi-beam scenario. The details of tiger mode paging approach are captured in the figure 3 and corresponding description below. 
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Figure 3: Trigger mode paging procedure 

Step 1:gNB configure the PI with beam sweeping
Similar as LTE, NR UE in IDLE mode wakes up to monitor Paging indicator in Paging Occasion. Based on the RAN1 ‘s agreement, the paging indicator can be carried in DCI or carried in non-scheduled physical channel. 

The paging indication may represent group of UE. The motivation of different paging indication is to reduce false alarm for UE. If UE find out paging indicator in the same paging group, the UE shall start response to the network. 
Step 2: UE responds to gNB in MSG1
UE begins paging trigger mode operation after the step1. In the operation, UE uses MSG1to indicate to the gNB the uplink beam where UE responds to the network, gNB is able to identify down link beam where the paging group is located. In order to help gNB isolate paging trigger mode MSG1 from normal random access MSG1, special preamble should be selected based on UE’s group and carried in the MSG1. The special preamble also helps gNB to identify UE or UE group.  

If UE is not in the desired group , then the UE shall not send MSG1 to the gNB.

Step 3: gNB sends Paging DCI and Paging message to UEs
Based on the detected Msg1 preamble and the beams on which it is received, the gNB can select the appropriate down-link beams to send the Paging DCI and Paging message. If no response is received in a given uplink beam, then gNB would not send Paging message on those corresponding down-link beam.  In this way, paging signalling in down-link can be reduced in multi-beam scenario. 

Observation 4:Trigger mode mechanism in RAN1 also aims to reduction down-link signaling.  Like Response-driven mechanism, additional overhead in up-link be an issue with this approach too.
2.2 Whether to introduce a new paging mechanism in Rel-15

RAN1 has agreed no new paging mechanism including Trigger mode mechanism is supported in Rel-15. The agreement is copied below for reference. 

	Agreements:

• NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.

 R1-1721535 Offline summary for Al 7.1.3 on Paging Huawei

Conclusion:

 No additional paging mechanism is supported in Rel-15. 


In general, response driven mechanism and trigger mode mechanism are similar in terms of the both mechanisms using paging indication to notify UE in paging group response to gNB. Instead of carrying paging indication in paging DCI + Paging message, in trigger mode mechanism only Paging DCI is used to carry paging indication. Therefore, the trigger mode mechanism is slightly better than response drivent mechanism. Based on the RAN1’s agreement, if no new paging mechanism need for Rel-15 in RAN1, then there is no new paging mechanism need for RAN2 at least in Rel-15.  
Proposal: No need to introduce a new paging mechanism at Rel-15.

3 Conclusion 

Based on all the analysis above, we give our observations and proposal as:

Observation 1: Paging message can be transmitted using beam sweeping.

Observation 2: No consensus that concern of the Signalling overhead at HF operation should be solved in Rel-15.

Observation 3:There is currently no consensus on the proposed solutions for Response driven paging mechanisms. Moreover, it is not clear that the mechanisms will actually result in an overall reduction in signaling (especially in up-link).
Observation 4:Trigger mode mechanism in RAN1 also aims to reduction down-link signaling.  Like Response-driven mechanism ,additional overhead in up-link introduces.
Proposal: No need to introduce a new paging mechanism at Rel-15.
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RAN 1 Agreement:


For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:


Alt-1: Multiplexing paging with SS blocks


FFS: Details of paging 


Alt-2: Adding another round of beam sweeping for paging 


Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 


Other alternatives are not precluded
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