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Introduction 

Paging in NR has been discussed for several times however how to calculate PO location is not clear. This contribution provides considerations on this aspect.
Discussions
In LTE, UE in IDLE mode periodically wakes up and monitors PDCCH at Paging Occasion (PO) in Paging Frame (PF) in order to check the presence of paging message. PO is a subframe which may carry PDCCH addressing the paging message. UE at first identifies PF (paging frame) based on the calculation based on DRX cycle and UE ID. Then based on configuration, UE identify PO (paging occasion) in the PF. The same mechanism is also applied to NR.

Proposal 1: Take the PO calculation mechanism in LTE as baseline.

PO duration overlapping issue
In NR, as agreed in the SI stage, PO (Paging occasion) is the time interval over which a paging message is transmitted by gNB. The number of paging occasions in the DRX cycle is configurable and provided in system information. Due to support beam sweeping, paging occasion can consists of multiple time slots. The PO duration  in NR may longer than a subframe.

Therefore, one issue for NR paging mechanism is the overlapping of PO. In LTE, potential subframe location for paging in FDD is subframe 0,4,5,9. As show in the figure 1, if SF4 selected for the PO and the PO duration longer than 1 subframe, then SF5 should not to be selected for paging PO. 
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Figure 1: PO Overlapping issue for approach 1

Considering that different nodes may have different PO duration, it’s difficult to specify the dedicated PO as in LTE (such as 0,4,5,9) . Instead, the gNB should indicate UE with cell/TRP-specific PO Pattern if necessary. For example, if beam sweep begins at the start of Subframe 4 in figure 1 and the duration of beam sweeping last more than 1 subframe, then sf5 in figure 1 is not used for all the UE in the same coverage of the TRP.

Proposal 2: The gNB could indicate UEs with cell/TRP-specific PO Pattern if necessary.

Impact of paging mechanism with SS block

RAN1 provides two methods for paging, the agreement copied below for easy referent.

	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


If Alt-1 is selected by RAN1, PO calculation mechanism for NR needs enhanced. It is because the PO location may mismatch with the SS burst set. One simple implementation is needed without any change of PO calculation in other case. For example, after location of PO is identified with the calculation of PO, then UE expects to receive paging message/indication at the next adjacent SS block period. 
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Figure 2: Calculation of PO in approach 1.1 and 2.1 
As show in the figure 2, if PO location 1 is identified with approach 1 or 2, then paging message/indication will be received during the next adjacent SS burst set period. For example, if then SS burst set period is 5ms in the NR TRP, then paging message/ indication will transmission in SS burst set X. If then SS burst set period is 40ms in the NR TRP, then paging message/ indication will transmission in SS burst set Y. If then SS burst set period is 100ms in the NR TRP, then paging message/ indication will transmission in SS burst set Z.
Proposal 3: Even the paging indication/message is multiplexed with SS blocks; PO calculation mechanism in LTE still can be adopted for NR, the gNB provides the paging indication/message at the next SS block after PO.
Conclusion 

Based on all the analysis above, we give our observation and proposals as:

Proposal 1: Take the PO calculation mechanism in LTE as baseline.

Proposal 2: The gNB could indicate UEs with cell/TRP-specific PO Pattern if necessary.
Proposal 3: Even the paging indication/message is multiplexed with SS blocks; PO calculation mechanism in LTE still can be adopted for NR, the gNB provides the paging indication/message at the next SS block after PO.
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