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1. Introduction

Paging was discussed and the following agreements were made at RAN2#101 [1]: 

-
The length of one PO in case of beam sweeping is one period of beam sweeping.
-
The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
-
The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH).

-
PO can be TDMed or FDMed with an SS block.

-
Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID.

In this contribution, we would like to discuss more details on calculation of paging occasion for the idle mode UE. 
2. Discussion
RAN1 has discussed paging transmission mechanism (more specifically on paging PDCCH transmission) at RAN1 Ad-Hoc Jan. 2018 and the following agreements were made [2]:

· 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).

· 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.
Figure 1 shows an example of paging transmission in time domain according to the default association. Note granularity of time interval for paging transmission can be either slot or non-slot dependent on the pattern (i.e. pattern 1 is slot-based transmission and pattern 2/3 is non-slot based transmission). 
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Figure1. An example of paging transmission

In multi-beam operations, each paging within a paging transmission period is transmitted using a different set of DL TX beam. With the default association, the UE can be aware of the paging monitoring duration according to the tables 13-11 to 13-15 in [3]. Here we call it as paging transmission period in Figure 1. With the above example structure of paging transmission, it is observed that paging DRX cycle is equivalent to an integer M times of paging interval and paging occasion is made up the time on actual transmitted paging, which means e.g. union of the time slots/symbols with blue color in paging occasion#1 in the figure1, in the selected paging transmission period. For RMSI PDCCH reception, monitoring occasions can be repeated every 20ms, which means paging interval will be also 20ms.  
Within SFN duration, paging transmission period can be indexed in the order. UE id can be used to distribute idle UEs into different paging transmission period within a paging DRX cycle. For instance the UE selects a paging transmission period with the index to meet (UE id mod M) = index, where M is number of paging transmission periods within a paging DRX cycle. In multi-beam operation, further idle UEs’ distribution within the selected paging transmission period does not sound making sense. The UE need to monitor all time on actual transmitted paging until the successful reception of paging. Once successfully received, the UE can sleep during the remaining time. 
[Proposal1]: Paging DRX cycle is equivalent to M times of paging interval, where M is signaled via RMSI.
[Proposal2a]: Paging occasion is defined by selection of paging transmission period out of multiples within SFN duration and the time on actual transmitted paging PDCCH within the selected paging transmission period. 

[Proposal2b]: Paging frame is defined as the frame which UE’s paging occasion starts. 

[Proposal3]: Selects a paging transmission period with the index meeting (UE id mod M) = index. 

[Proposal4]: The UE can stop monitoring paging reception within the remaining time of paging occasion if the UE already receives paging successfully. 

In addition to the default association, we can reduce paging transmission period by signaling of separate association between actual transmitted SSB and the monitoring window of paging PDCCH compared to the association between SSB index and its RMSI monitoring window. With the reduced paging transmission period, it can bring the better UE power saving effect, which is critical for idle mode behaviors. In our opinion, it can be simply achieved by introducing separate paging PDCCH transmission pattern information and table index for paging PDCCH monitoring occasions.  

[Proposal5]: RMSI includes separate transmission pattern and table index for the UEs’ paging PDCCH monitoring occasions. If RMSI does not include this information, the default association is applied. 
Furthermore it seems not crystal clear whether paging PDCCH and actual paging are transmitted in the same time or in the different time also (e.g. paging is transmitted after 4 slots once paging PDCCH is received). In our opinion since the UE power consumption is critical for idle mode behaviors, it will be good if paging PDCCH and actual paging are transmitted in the same time. 

[Proposal6]: Paging PDCCH and actual paging are always transmitted in the same time. 

3. Conclusions

In this contribution, we had discussion on definition of paging occasion and the following proposals are made: 
[Proposal1]: Paging DRX cycle is equivalent to M times of paging interval, where M is signaled via RMSI.

[Proposal2a]: Paging occasion is defined by selection of paging transmission period out of multiples within SFN duration and the time on actual transmitted paging PDCCH within the selected paging transmission period. 

[Proposal2b]: Paging frame is defined as the frame which UE’s paging occasion starts. 

[Proposal3]: Selects a paging transmission period with the index meeting (UE id mod M) = index. 

[Proposal4]: The UE can stop monitoring paging reception within the remaining time of paging occasion if the UE already receives paging successfully. 

[Proposal5]: RMSI includes separate transmission pattern and table index for the UEs’ paging PDCCH monitoring occasions. If RMSI does not include this information, the default association is applied. 

[Proposal6]: Paging PDCCH and actual paging are always transmitted in the same time. 
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