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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio (NR) access technology. 
[bookmark: _Ref178064866]Regarding the NR paging mechanism, the work on Idle/Inactive paging has not progressed much yet. Both RAN1 and RAN2 WGs have only made a few agreements so far. The basic paging mechanism in FR1, sub 6 GHz can be expected to have similar behaviour as in LTE. One difference is for FR2, higher frequencies (mmWave), is the usage of multi-beam operation.
In RAN1 AH1801 [2], the following agreements were made:
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, which is approved and final LS is in R1-1801280)
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.
Moreover, the following agreements were made in RAN2 #101 [3]:
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

[bookmark: _GoBack]

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

In this contribution, we will elaborate on possibility the mapping of multi-beam pattern in the SSB towards the paging timeslot in the paging occasion.
2. Discussion
The generic operation of a UE before establishing RRC connection is shown in Figure 1 below. First, in case MT traffic, i.e. downlink traffic initiated from the network, the UE is receiving a paging transmission at a predetermined time (DRX) followed by random access procedure, and then establishment of an RRC connection for data communication. However, prior to paging mechanism, the UE needs to synchronize with the gNB. In a multi-beam operation, it is well understood that the UE has also identified its best beam to maintain communication with the gNB. The synchronization signal for each beam is carried within a synchronization signal block (SSB). In this example, there are (L=8) multi-beams actually transmitted SSBs.

[bookmark: _Ref505939923]Figure 1: UE establishing RRC connection initiated by synchronization process

As for the paging mechanism, the UE has identified its best beam as described above. However, the gNB does not know the best beam to the intended UE being paged. Thus, the gNB is known to perform paging with beam sweeping ,i.e. it has to transmit the same paging transmission multiple times in each beam The basic principle is that each paging occasion (PO) is subdivided into paging timeslots, in which the different beams to used are spread amongst. The paging transmission is then repeated once for every beam in the paging occasion see Figure 2 below.



[bookmark: _Ref505940499]Figure 2: Paging with gNB Tx beamsweeping

In case the UE has been able to synchronize the one of the TX beams from the gNB, there are methods for the UE then to know in which time slot it should listen for the paging transmission. This means that the UE does not have to be awake for the whole paging occasion, but only for the specific paging timeslot, in which the UE are able to receive the best beam from the gNB. The UE may have implicitly been informed by the gNB on the mapping of gNB Tx beam and the paging time slot resources information.
In LTE system, the assumption is the base-station transmits paging transmission in a paging occasion using omni directional or relatively wider beam antenna. In NR system, the base-station could have up to L=64 narrow-beams for SSB transmission directing to different directions. Considering NR rel.15 (Dec 17) has agreed to adopt “LTE-like” NR paging mechanism then the consequent is the paging transmission is transmitted repeatedly up to 64 times in various directions. This will consume a lot of paging resources and potentially increase the latency if it is not configured properly.
Observation 1: To apply and follow the SSB beam sweeping pattern can lead to the usage of high number of paging resources. 
In order to minimize the size of paging resources, we propose so that the multi beam pattern as in SSB transmissions is mapped to the paging time slot where it can be based on many to one mapping as shown in Figure 3. Here, two SSBs are mapped to one paging timeslot. Hence, the gNB simultaneously transmit two beams for the paging transmission. In practice, it can also be the case where the gNB uses one wider beams corresponds to the two narrow-beams. 



[image: ]
[bookmark: _Ref505944157]Figure 3: Many (e.g. 2 SSBs) map to one paging time slot.

Proposal 1: There is an association between the number of paging time slot within a PO and the actually transmitted SSBs.
Proposal 2: There is a mapping procedure or relation between the actually transmitted SSBs and the beam direction in each paging time slot. The relations are at least one-to-one mapping and many-to-one mapping.

In addition, the multi beam pattern as in SSB transmissions can be mapped not only in time, but also in frequency, where the mapping rule is the frequency direction first followed by the time direction. This operation is illustrated in Figure 4A. Note, the paging timeslot here, it can be a full  paging transmission (paging DCI + paging message/data) or paging DCI only. In this case (full paging message), the paging DCI and paging message are in the same NR slot?.
In NR system, especially in mmWave frequency range, it is well known that the frequency bandwidth is relatively wide. A wide bandwidth is typically divided to multiple bandwidth part (BWP. 
In case the initial bandwidth part (BWP) is wide enough then the FDM of paging time slot is all located within the initial BWP (BWP that contain SSB transmission). It is placed consecutively (no gap) and numbered from the lowest to the highest frequency. (See Figure 4A)
In case the initial BWP is relatively small, it may not be possible to FDM the whole paging transmission or even to do FDM of the paging message/data part. In case the paging control (DCI) and paging message/data are not in the same slot, we can also consider where the paging message/data part is transmitted in different BWP. It depends on the configuration in the paging control part. Thus, the paging message/data location can be dynamically arranged by the gNB.



[bookmark: _Ref506141658]Figure 4: Paging FDM operation and SSB mapping 

Proposal 3: The multi beam pattern as in SSB transmissions can be mapped not only in time, but also in frequency, where the mapping rule is frequency direction first followed by time direction (See fig 4A).
Proposal 4: For simplicity, all of the paging DCI and message are in the active initial bandwidth part (BWP). Other options can still be considered and for further studies (FFS). (e.g. utilization of other BWPs for paging transmission).

3. Conclusion
In this contribution we have elaborated on the mapping procedure of the multi-beam pattern in the SSB towards the paging timeslot in a paging occasion. Our proposals are summarized below: 
Proposal 1: There is an association between the number of paging time slot within a PO and the actually transmitted SSBs.
Proposal 2: There is a mapping procedure or relation between the actually transmitted SSBs and the beam direction in each paging time slot. The relations are at least one-to-one mapping and many-to-one mapping.
Proposal 3: The multi beam pattern as in SSB transmissions can be mapped not only in time direction, but also in frequency direction, where the mapping rule is frequency direction first followed by time direction. 
Proposal 4: For simplicity, all of the paging DCI and message are in the active initial bandwidth part (BWP). Other options can still be considered and for further studies (FFS). (e.g. utilization of other BWPs for paging transmission).
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