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Introduction
In RAN1 NR-AH 1801 meeting, the following has been agreed on Paging for NR design [1]:

Agreements:
· NR supports a 1-bit in paging DCI to indicate whether the short message only or scheduling information only is carried in the Paging DCI
· The TP is endorsed as follows (7.3.1.2.1, 38.212)
-	PUCCH resource indicator – [2] bits as defined in section x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in section x.x of [5, TS38.213] 
If scrambled by P-RNTI, the following information is transmitted by means of the DCI format 1_0:
· Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.

Agreements:
· To adopt the TP for Section 5.1 of TS38.214:
When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
Agreements:
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.

In RAN1 #91 meeting, the following has been agreed on paging for NR design [2]:
Agreements:
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
· For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH.

In this contribution, we considered and discussed the remaining details of paging. Particularly, we discuss indication of short message and alternative paging mechanisms. We also discussed aspects related to FDM of multiple PO and issues regarding it. 

Paging DCI
It was agreed that NR supports a 1-bit information field in paging DCI to indicate whether the short message or scheduling information is carried in the paging DCI. It was also agreed to discuss further offline especially regarding whether RAN2 has decided to support sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication in NR. Different companies have expressed interest in supporting advanced paging mechanisms with option 2,3 and 4. However, due to timeline of Rel-15, it was concluded not to support additional paging mechanism in Rel-15. In offline discussions during RAN1 #91 meeting, possibility of paging designs with future compatible for enhanced paging mechanism was discussed. It was agreed to further discuss on the size of DCI for paging and to discuss on how to make the current paging DCI future compatible, e.g., via 1-bit explicit indication, via some reserved bit, via a different RNTI, etc.

A more integrated approach may be to combine the dfferent modes of paging. 2 or 3 bits may be dedicated for paging used in the paging DCI to indicate different modes of paging. For example, the following may be considered:
· Scheduling information only
· Short message only
· Paging message for Single UE
· Paging DCI to schedule Paging message for multiple UEs
· System information update or modification
· Emergency information for public safety (e.g., PWS, CMAS, ETWS indication)
· Future option: eg. Advanced paging for group without feedback (Option 3)
· Future option: eg. Advanced paging triggering feedback in group (Option 2)

Proposal 1: Indication of the dfferent modes of paging can be considered.
Proposal 2: Additional bit(s) to indicate and enable future release or features for paging are supported.

Paging CORESET configuration
In RAN1-91, paging CORESET being the same as the corresponding RMSI CORESET was agreed. It is up to RAN2 to provide the parameters including monitoring occasions for paging CORESET to be explicitly signaled in the corresponding OSI/RMSI. From RAN1 perspective, use of different approaches have been observed. 
· Use the mechanism for monitoring occasions for paging CORESET with the same monitoring occasions as of RMSI CORSESET configuration (e.g., the same second four bits in RMSI CORESET configuration)
· Use the mechanism for monitoring occasions for paging CORESET with the different monitoring occasions by modifying the definition for the second four bits of RMSI CORSESET configuration. 
· Use different design mechanism of monitoring occasions for paging CORESET with RMSI CORESET even if it is the same as the first four bits of RMSI CORESET configuration.
· The PO configuration could be configured independent of the configuration for RMSI CORESET monitor window
Reusing the RMSI CORESET configuration with modification of monitoring occasions may give a simple design. However, to make it flexible to support multiple FDM POs, explicit signlaing in OSI/RMSI or implicit method may be used. 

FDM of Multiple POs 
The maximum number of SS/PBCH blocks is 8 and 64 for below 6GHz and above 6 GHz respectively. Hence, the maximum beam supported are 8 and 64 respectively. The paging message could be beam swept. If each paging message could occupy a slot for each beam, each PO may last 8 or 64 slots respectively. If we use 16 paged UE in a PO like LTE as baseline, we may need 4*8=32 slots in a frame for <6GHz and 4x64 = 256 slots for >6GHz. 
To satisfy the capacity similar to LTE, in the NR-AH#4 meeting it was proposed that NR supports multiple POs configurations in the frequency domain. FDM of multiple POs may be preferred. Multiple POs may be configured in the same slot to reduce the beam sweeping overhead by sharing the same beam and increase the paging capacity. 
In RAN1 #91 it was agreed that for paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in NR-PBCH. In NR-AH#4, it was concluded that RAN2 would provide the paging occasion configurations e.g. time offset, duration, periodicity and hence RAN1 wouldn’t consider those items related to paging CORESET. It was also noted that, to support FDM of multiple POs, configurations may be reused from RMSI as well as added to be reconfigured by RMSI or OSI. 
FDM for PO could be supported. However, if bandwidth (BW) for FDMed paging is higher than minimum supported BW for UE, gNB could be able to fall back to TDM POs. In a different scenario, if actually transmitted SSBs are high, reduction for the overhead using FDM for paging may used. Hence, there should be a flag or a configuration change to switch between FDM for PO and TDM for POs. Different options for FDMed POs are listed below:
· One paging CORESET configuratuion and multiple FDM search spaces:
· Paging should support different monitoring occasions than RMSI using modified definition for the second four bits of the RMSI CORESET configuration. 
· Different search spaces definition may be used for FDMed POs 
· Different search space definition can be derived from UE ID.

· Multiple FDM paging CORESETs:
· PRB offset may be assigned to different groups and indicated in RMSI. 
· PRB offset may be derived by the UE implicitly.



[bookmark: _Ref506558625]Figure 1 Example of FDMed POs
Figure 1 illustrate an example of multiple POs. In this specific example, we consider  = 3 (SCS 120KHz) for Slot3, the dark-blue represents SS/PBCH blocks. Paging CORESET and Paging message in PDSCH are shown in yellow and pink color respectively. Multiplexing pattern 3 defined for RMSI is used. In each CORESET there may be different search spaces allocated to different PO (In this case 4 PO are located in 4 search space). PDSCH corresponding to them includes paging message for same group PO is addressed to. Similarly, PO may be FDM in other multiplexing patterns between SS/PBCH Block, Paging CORESET and PM Data. 

Non-Slot based paging  
The non-slot based transmission of PDCCH for RMSI and PRACH are agreed in the previous meetings. Using non-slot based PDCCH for paging DCI along with the non-slot based PDSCH for paging messages can efficiently use resources. In the system with larger number of beams, non-slot PDSCCH and PDSCH based paging may reduce the paging beam sweep duration and latency. Hence NR should support both slot and non-slot based paging delivery.

Conclusions
In this contribution, we considered and discussed the remaining details of paging mechanisms. Particularly, we discuss indication of short message and alternative paging mechanisms. We also discussed aspects related to FDM of multiple PO and issues regarding it. We have the following proposals:
Proposal 1: Indication of the dfferent modes of paging can be considered.
Proposal 2: Additional bit(s) to indicate and enable future release or features for paging are supported.
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