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1 Introduction
In the past meetings, the following agreements were reached in [1] and [2] as extracted below:
	Agreements in RAN1 #87:
· 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

· Companies report their assumption for paging

Agreements in RAN1 #88:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 


In this contribution, we provide the discussion and analysis to address above issues, in particular taking into account UE power consumption.  
2 Discussion
2.1 Paging message type

In LTE, paging message will carry two types of information: SI change notification (aka. SI-paging) and UE record list (aka. Call-paging). Essentially, SI change notification is controlled by eNB to notify UE the change of SI whereas the UE record list is sent from CN via eNB to page the UE(s) for call arrival. Since SI-paging and Call-paging are determined by the different network entities, it is not necessary to multiplex them into one transmission. Considering the potential different periodicity for SI modification and UE call paging, it is beneficial to separate SI modification with the fixed payload size and UE call paging with variable payload size. Such separation can also help to optimize the paging transmission considering the different periodicity and payload size.
Proposal 1: Paging for SI change notification and paging for UE call arrival indication are transmitted separately with independent configuration.

2.2 Multiplexing of Paging and SS block

For the case of SI change notification, the paging period can be fixed/predefined in accordance with the modification period of SI. Such the restricted and fixed information for SI change notification can be just carried in the control channel like paging mechanism in LTE eMTC. Especially in case of multi-beam operation, paging for SI notification carried in the control channel can be easily TDM multiplexed with SS block or within SS block. 
On the other hand, in case of only SI-paging without UE record list in paging message under multi-beam operation, SI change notification carried in PDSCH may cause additional beam-sweeping than paging control channel, which is not an efficient approach.

Proposal 2: Paging for SI change notification is carried via control channel by multiplexing with SS block in TDM.

For UE call-paging, both control channel and data channel are preferred considering the variable payload sizes and potential large payload. To improve the transmission efficiency for the multi-beam case with potential wide bandwidth, it is preferred to assign more UEs to the same paging occasions so that the paging can be less happened and the paying transmission is more efficient while meeting the capacity requirements.
In this case, paging control channel can be multiplexed within SS block in TDM with paging detection assisted by sync channel in addition to DM-RS. Then paging data channel carrying UE record list is cross-slot scheduled by the control channel. The cross-slot scheduling allows UE to have sufficient time to switch to a larger bandwidth for PDSCH reception in case of larger TBS over the wider bandwidth transmission than SS block, which is illustrated in Figure 1.
Proposal 3: For UE Call-paging, the control channel is multiplexed with SS block in TDM whereas data channel carrying UE record list is cross-slot scheduled. 

In case of single beam operation, paging control channel multiplexed with SS block in FDM may not be preferred since it may require UE to operate with a larger bandwidth to receive both SS block (e.g., for synchronization and mobility measurement) and paging control channel. 
In case of multi-beam operation, paging control channel multiplexed with SS block in FDM may help reducing the beam-sweeping time. However, it may increase UE power consumption in case of monitoring both SS block and paging control channel simultaneously in a large bandwidth. In this case, UE should only monitor either UE paging control channel within a narrow band or SS block, but not both of them simultaneously.
Proposal 4: Paging control channel multiplexed with SS block in FDM is allowed only if SS block and paging control channel are not required to be monitored simultaneously by UE.
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Figure 1. Illustration for multiplexing of paging control/data and SS block
2.3 Paging content

In case of SI-paging carried by control channel, a bitmap or a group of valueTags can be carried to indicate which SI is updated, e.g., PBCH, essential system information and/or non-essential system information. So the idle UE can update the specific SI(s) by only monitoring SI-paging, which can save UE power to avoid unnecessary SI reading. In addition, SI-paging may also carry ETWS, and/or CMAS, same as LTE.

Proposal 5: SI-Paging should carry SI specific change notification and optionally ETWS/CMAS.  
Currently NR-PDCCH can carry up to 20 or 60bits information. It is sufficient to carry SI-paging information supposing there is no associated PDSCH to carry UE record list. Similar to Rel13 eMTC, SI-paging can be carried in NR-PDCCH if there is no presence of UE record list. That is, the bits in NR-PDCCH can be taken for indication of SI-paging information. In case of presence of UE record list, SI-Paging can be carried in PDSCH together with UE record list which are scheduled by NR-PDCCH. In this way, it can avoid SI-only paging with limited size is always carried in NR-PDSCH, which may lead to the unnecessary beam sweeping for both NR-PDCCH and NR-PDSCH. On the other hand, such flexibility of carrying SI-paging will not require the new NR-PDCCH format for avoidance of blind detection.
Proposal 6: In case of only SI change notification for transmission, it is carried by NR-PDCCH without the associated PDSCH. Otherwise, SI change notification is carried in PDSCH with UE record list scheduled by NR-PDCCH.
3 Conclusion
In this contribution, we provided more discussion on aspects related to the paging design. Based on the discussion, the following proposals are given for consideration.

Proposal 1: Paging for SI change notification and paging for UE call arrival indication are transmitted separately with independent configuration.

Proposal 2: Paging for SI change notification is carried via control channel by multiplexing with SS block in TDM.

Proposal 3: For UE Call-paging, the control channel is multiplexed with SS block in TDM whereas data channel carrying UE record list is cross-slot scheduled. 

Proposal 4: Paging control channel multiplexed with SS block in FDM is allowed only if SS block and paging control channel are not required to be monitored simultaneously by UE.
Proposal 5: SI-Paging should carry SI specific change notification and optionally ETWS/CMAS.  
Proposal 6: In case of only SI change notification for transmission, it is carried by NR-PDCCH without the associated PDSCH. Otherwise, SI change notification is carried in PDSCH with UE record list scheduled by NR-PDCCH.
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