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Introduction
In RAN1#90bis meeting, several following agreements related to paging design in NR were made [1]. The corresponding agreements are as follows: 
Agreements:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
· Details of UE grouping are up to RAN2 
· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed                      in R1-1719164 with the following updates:
· Update the note to “Note that in RAN1#86bis, the following agreements were made:
· NR supports at least same-slot and cross-slot scheduling for DL.”
Agreements:
· Paging DCI and Message numerology is the same as RMSI. 

Agreements:
· At least some parameters for Paging Occasions are explicitly signaled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.

In this contribution, revision of R1-1717772, we present our view on the FFS points of the previous agreements and discuss several other design considerations. 

Discussion
Additionally supported paging mechanism except for Option 1
Option 1 was agreed in last meeting and from our perspective, Option 1 (Paging scheduling DCI followed by Paging Message) is the simplest solution and standardization effort is minimized. The DL overhead problem in case of multiple-beam scenario may be solved by reducing PO opportunities in a DRX cycle, by adjusting paging parameters like Ns [2], or by adjusting DRX cycle periodicity. To our understanding, reducing PO times in a DRX cycle implies increasing the number of paged users in a paging message.  In addition, some companies have proposed control and data channel associated with one paging message to be transmitted in different PO, but this approach may not be necessary as RAN2 already agreed one PO can include multiple time slots. 
It is worth noting that despite a maximum number of 64 beams is supported in case of 120 kHz Subcarrier Spacing (SCS), the coverage of NR cells operating at high frequencies would be small compared to macro cells operating at lower frequencies. Hence, in such small-cells deployments, the number of paged UEs per-cell is also relatively small compared to macro cell deployments. Therefore, we think that the DL overhead problem caused by paging is not so severe and comparable with the overhead caused by SS/PBCH/RMSI. We see this is a required cost caused by multiple beams operation. The overall gain obtained by multiple beams is much higher. 
For option 2, basically the intention of proposing paging group indicator and beam reports is to save DL overhead in case of multiple-beam scenario. This relies on the fact that gNBs can select the best beam to page UE instead of sweeping many beams for paging messages. But on the other hand, it will cause unnecessary power consumption for untargeted UEs of the same group, which would need to transmit uplink signals to report the best beam when paging group indicator is indicated. As it is described later on, the recently made QCL-related agreement creates opportunities to exploit such relationship and keep the paging operation as simple as possible. 
Furthermore, additional standardization effort would be necessary to design paging group indicator, which may be involved by multiple standardization groups, for example how to define the group size, field size and control channel. UL transmission procedure needs to be defined. In this sense, the gain and overall finalization of Option 2 function is quite questionable. As a combination of Option 1 and Option 2, Option 4 is also not so desirable although it provides some flexibility on Option selection. For option 3, our view is that the benefit is not so clear.
Proposal 1: No additional paging scheme except for option 1 is adopted as paging method.
Above proposal is mainly applied for coming call (MO: mobile terminated call) like usage, i.e., IDLE mode UEs. For SI update and/or other urgent broadcast information, like ETWS, it is useful to directly indicate that information in DCI, like the mechanism in eMTC, especially in coverage-limited scenarios, which may require multiple of repetitions. 
Proposal 2: Support indicating SI update and/or other urgent broadcast information in DCI.  
 
Paging and initial active BWP relation
We further discuss the frequency position aspect in paging and consequently the relation to initial active DL BWP. We propose paging (DCI/message) is confined within initial active DL BWP.  It means the frequency position of paging is within the frequency region of initial active DL BWP as the same numerology between paging and RMSI was already agreed. 
If the purpose of paging in RRC_CONNECTED mode is same as LTE, i.e., to inform SIB update only, then paging DCI (without message as proposed above) indicates “SIB update", and in this case, UE can receive any paging DCI because this paging is not UE or group specific paging to trigger traffic. Therefore, if paging for RRC_CONNECTED is sent other than the initial active BWP, the network is required to send paging to every single active BWP, which is a significant overhead as paging for SIB update need be sent in any paging opportunity. In the same manner, transmission of paging in RRC_IDLE in the initial active BWP is also a quite natural choice. Therefore, the initial active BWP should be used for paging DCI/message regardless of the RRC mode. 

Proposal 3: CORESET for paging DCI and paging channel are confined within the initial active DL BWP.
Regarding the paging CORESET configuration, we think that this information can be sent by means of RMSI or OSI, as in general, this would be a cell-specific configuration, valid to all UEs.  Thus, the transmission of paging CORESET configuration and paging (DCI/message) using the initial active BWP is also applicable to the case of paging operation in wideband carriers with several frequency layers. In this case, the corresponding initial active BWP would be used in each frequency layer. 

Quasi-co-location and SSB-to-paging relationship
QCL between SSB and paging has been agreed [1]. This agreement means when a UE wakes up, it can measure SSBs and determines the best beam. Indeed, SSB is required to be monitored for other purposes, such as Radio Resource Management (RRM).  This knowledge can be used to allow a more efficient paging operation. For instance, the UE could only receive paging DCI/message (within the relevant PO) associated with the best beam. This is more natural as it was agreed that “at least some parameters for Paging Occasions are explicitly signaled”. Such behavior can save UE’s power and increase the paging reception reliability. The network can configure the time offset from the initial symbol/slot of the PO and the corresponding paging channel using RMSI or OSI; however, we think that SSB and associated paging channels should be kept close as much as possible.
PO has been agreed to be composed of multiple time slots to allow beam sweeping operation for paging in RAN2. However, in NR, there may be no fixed downlink slot allocation as in LTE. Thus, the need for flexible indication of the slots (or symbols) used for paging may require explicit signaling, which is indeed desirable in the light of the QCL relationship between SSB and paging, UE does not need to monitor the whole PO. 

Proposal 4: PO calculation (using formula and inputs like UE_ID and other parameters) is used to indicate the time-location (initial slot/symbol) of the PO.
Proposal 5: The network provides SSB-to-paging association information, e.g., time and/or frequency offset, using RMSI or OSI. 
Although the relationship SSB-to-RMSI is one-to-one, our view is one RMSI contains multiple one-SSB-to-one-paging associations. Then even if SSB is differentiated from the original SSB, UE is not required to receive RMSI again. As the working assumption, " PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency" was agreed, to extend this to RMSI reasonable to us.

Regarding the association between the SSBs and PO, there are two possibilities:

1. Common PO: In this case, the PO is common to all paging CORESET corresponding to each SSB. Thus, the PO calculation would not require as input the index of the best SSB beam.
2. SSB-specific PO: In this case, the index of the SSB beam could be used to determine the location of the associated PO in PO equation itself.

Figure 1 shows a representation of these approaches. Our view is first option have more flexibility of paging corresponding to SSB. 
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Figure 1: Approaches for the SSBs to PO association: 1) Common PO (PO is common to all SSBs), and 2) SSB-specific PO (There is one PO associated to each SSB).  
The exact location of the paging information (CORESET), at symbol level, within the PO needs to be indicated. Therefore, in the first option, the position of the paging-CORESET could be explicitly signalled using SSB index. Such explicit signalling allows more flexibility on the resource allocation. Therefore, we propose to take the first approach. 
Proposal 6: There is one single common PO  associated to the multiple CORESETs containing paging, where each CORESET is QCLed to a SSB. 
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Conclusion
In this contribution we discussed paging design. Based on the discussions we present the following proposals:

Proposal 1: No additional paging scheme except for option 1 is adopted as paging method.
Proposal 2: Support indicating SI update and/or other urgent broadcast information in DCI.  
Proposal 3: CORESET for paging DCI and paging channel are confined within the initial active DL BWP.
Proposal 4: PO calculation (using formula and inputs like UE_ID and other parameters) is used to indicate the time-location (initial slot/symbol) of the PO.
Proposal 5: The network provides SSB-to-paging association information, e.g., time and/or frequency offset, using RMSI or OSI.
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