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[bookmark: _Ref178064866]In RAN2#101 meeting, we further made the following agreements
	Agreements
1 RAN2 confirms RAN1 agreements that paging mechanisms similar to option2, 3 and 4 (as defined by RAN1) will not be supported in Rel-15 
2 Paging messages include the full UE id as in LTE 
FFS Whether truncated UE ID could optionally be used in the case of FR2
Agreements
1: The length of one PO in case of beam sweeping is one period of beam sweeping 
2: The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
3: The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)
4: PO can be TDMed or FDMed with an SS block
Agreements
1 Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID



From the above agreements, we identify that the major concern of paging in multi-beam operation is that the transmission of beam-swept paging message for a group of UEs consumes large amount of radio resources. In this contribution, we propose methods for paging overhead reduction based on paging with localization.
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The concept of localized paging
Regarding paging in multi-beam operation, RAN2 has agreed that the UE can assume that the same paging message is repeated in all beams of the sweeping pattern. In other words, the paging records are repeated on different beams of a cell, resulting in significant overhead.
The overhead due to repeated paging records can be significantly reduced if the network knows (or at least can guess) which cell the UE is camping on, and the most suitable beams for the UE, and first try paging only on these beams for each UE. 
Then instead of transmitting the paging message on all beams of all cells in the tracking area (TA) or RAN area (RA), a “smart” paging is possible, i.e., page first within a group of beams, then in a cell, and then many cells. The concept of paging with localization is illustrated in Figure 1, considering a moving UE. At the beginning, the network obtains UE position (beam or cell level) from the last RRC release or via TAU/PAU. The UE may be paged within a group of beams if it does not move far away. When UE moves further, the paging message needs to be transmitted in the whole cell. Then the UE moves to the coverage of neighbouring cell, and it can be paged via paging within a group of cells. If the UE cannot be found in this group of cells, the network will broadcast the paging message within the whole TA or RA. Finally, when the UE moves out of the TA/RA, it sends tracking area update (TAU) or RAN area update (RAU) indication to the network.


Figure 1.	Paging with localization
We have the following observation regarding paging with localization for UEs in multi-beam operation.
Observation 1:	Overhead for paging UEs in multi-beam operation can be reduced by supporting paging with localization for, i.e., page first in a group of beams, then in a cell, then in a group of cells, and finally in the whole TA/RA.
Methods
To allow implementation of paging with localization, we need some methods for network to obtain information about UE location or distributions.
Method 1: UE location at last release or TAU/RAU
UE location can be recorded upon last RRC release, or passed to the network when UE performs TAU or RAU. In this way, no extra mechanism needs to be introduced. For UE in RRC_IDLE, however, the UE location hypothesis is imprecise since TA is usually large. For UE is RRC_INACTIVE, this method works if the RA is not configured too large.
Observation 2:	Network can estimate which cell a UE is camping on based on UE location at last RRC connection release or when UE performs tracking or RAN notification area updates.
Method 2: Presence indicator by UE when camping on a different cell
In NR, due to higher carrier frequency, cells with smaller coverage but higher density may be deployed. There may be cells which no Idle/Inactive UE is camping on, and overhead can be reduced if paging is not transmitted on these cells. A UE may send a “presence indicator” (a preamble) whenever it enters the coverage of a new cell. Since UE sends a preamble rather than UE ID, the network does not obtain exact UE location information (which UE camps on which cell). In this way, network can estimate the distribution of UEs. Paging message is first delivered on the cells that receive preamble within a configured duration. If the network does not receive expected paging response, it delivers paging in multiple cells. A cell may stops paging message delivery if a given duration has passed after it received last PI. In this way, paging overhead can be reduced, even though paging delivery at cell-level precision is not achieved.
Observation 3:	The paging indicator sent by UE help reduce paging overhead by allowing a cell to skip paging message delivery if no UE is camping on the cell.
While the presence indicator sent by UE helps network estimate UE distribution, one concern is the UE power consumption for sending such an indicator even UE is not paged. A further optimization could be that UE sends PI only when the cell it camps on is not delivering paging message, that is, when UE enters the coverage of a new cell that is not delivering paging message, or when it camps on the same cell but the cell stops paging message delivery (due to timer expiry).
Proposal 1:	UE in RRC_IDLE or RRC_INACTIVE can be configured to send presence indicator (PI) when it enters the coverage of a new cell, or when the cell it camps on is not delivering paging message. 
Conclusion
We have the following observation:
Observation 1:	Overhead for paging UEs in multi-beam operation can be reduced by supporting paging with localization for, i.e., page first in a group of beams, then in a cell, then in a group of cells, and finally in the whole TA/RA.
Observation 2:	Network can estimate which cell a UE is camping on based on UE location at last RRC connection release or when UE performs tracking or RAN-based notification area updates.
Observation 3:	The paging indicator sent by UE help reduce paging overhead by allowing a cell to skip paging message delivery if no UE is camping on the cell.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	UE in RRC_IDLE or RRC_INACTIVE can be configured to send presence indicator (PI) when it enters the coverage of a new cell, or when the cell it camps on is not delivering paging message. 
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