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Introduction

In RAN2 #106 meeting, it was agreed that” We extend paging monitoring by extending PDCCH occasions for a PO” to reduce LBT impact for NR-U paging scheme.
In this contribution, we will discuss the influence of this agreement on NR-U paging scheme.

Discussion

Based on the agreement from RAN2 meeting, the extending PDCCH occasion could be specified by one additional parameter “X”. This parameter “X” is the number of PDCCH monitoring occasions per SSB, and it could represent that UE should monitor paging message how many times within a PO. If network configures “X” to be 2, it will mean that UE should monitor the paging message at one more PDCCH occasion besides the original configuring PDCCH occasion within a PO. Comparing to NR paging scheme, the“X” value will be 1 because UE is only required to monitor one PDCCH occasion within a PO.
The parameter “X” will not only affect the times of UE monitoring the paging message but also affect the length of PO. Because the agreement restricts that the extending PDCCH occasions for paging monitoring should be within one PO. Therefore, once the network configures “X” to be 2, the length of one PO will become twice, and so on. When the length of one PO is extended along with the extending number of PDCCH occasion for paging monitoring, we may need to consider whether to allow different POs to overlap.
If we don’t allow different consecutive POs to overlap, the available location of PO will be restricted. Since the network will need to take the number of extending PDCCH occasions into consideration when configures the location of PO. This is a trade-off between the probability of transmitting paging message and the available locations of PO. However, restricting available location of PO will also affect the paging capacity. This will reduce the network paging efficiency and the user experience, when the paging capacity is decreased. Therefore, in order to maintain the same paging capacity as NR paging scheme and not to limit the flexibility of network configuring PO, the different consecutive PO should be allowed to overlap.
Proposal 1: In order not to decrease the paging capacity, RAN2 should allow different consecutive PO to overlap.
If the proposal 1 is agreeable, the paging message overflowing issue will need to be discussed. Since one paging message could only carry limit number of paging records. In NR paging scheme, the maximum number of paging records within one paging message is 32. The paging message overflowing will happen when the number of paging records that need to be paged by one paging message exceeds the paging message capacity (i.e. the maximum number of paging records of one paging message).
The paging message overflow issue may happen when different consecutive POs are allowed to overlap. This is because the P-RNTI vale is a single specified value (i.e. FFFF) in NR paging scheme. Therefore, UE will use the same P-RNTI to monitor the paging message regardless of whether to monitor paging message at the same PO. Since the UEs belong to the different PO use the same P-RNTI to monitor the paging message. When the different consecutive POs are allowed to overlap, the paging records belong to different POs will need to be carried by one paging message within the overlapping period. 
Since the paging message overflow issue will also decrease the paging capacity. Because the remaining paging records that cannot be carried by one paging message will need to deliver at next DRX cycle. This will cause the paging message overflow issue more easily happen. Therefore, we should consider the paging message overflow issue when the different consecutive POs are allowed to overlap.
Proposal 2: RAN2 should consider the paging message overflow issue when the different consecutive POs are allowed to overlap.
To resolve the paging message overflow issue, network could use one additional paging message to carry the remaining paging records and one additional bit could be introduced in a paging message. The additional bit is used to indicate whether any remaining paging records exist. 
If the paging message overflow issue happens, In this case, network could use the additional bit in the original paging message to inform the UE of the existence of the additional paging message. Then the UE which is not paged by the original paging message shall try to monitor the additional paging message in following extending PDCCH occasions.
Proposal 3: One bit should be introduced in paging message to indicate the existence of the additional paging message which carries the remaining paging records.
Conclusion

Based on the discussion the following is proposed:
Proposal 1: In order not to decrease the paging capacity, RAN2 should allow different consecutive PO to overlap.
Proposal 2: RAN2 should consider the paging message overflow issue when the different consecutive POs are allowed to overlap.
Proposal 3: One bit should be introduced in paging message to indicate the existence of the additional paging message which carries the remaining paging records.
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