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1. Introduction
[bookmark: _GoBack]In previous RAN2 meetings, some conclusions on paging for UE in RRC_IDLE or in RRC_INACTIVE state are reached [1] [2]: 
=> A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)
=> FFS dynamic extension
=> FFS dynamic termination
=> As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO
In the following, we would like to discuss the possibilities for additional paging opportunities and to make some proposals for these FFS issues. 
2. Discussion
2.1 Paging for UE in RRC_IDLE/RRC_INACTIVE in Rel-15
In Rel-15, Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasions (PO) per DRX cycle. One example for POs is shown in Figure 1.


Figure 1: Paging Occasions in Rel-15
Specially, system Frame Number (SFN) for the Paging Frame (PF) is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
The index of the PO is determined by: 
i_s = floor (UE_ID/N) mod Ns
When search space 0 is configured for paging, PDCCH monitoring occasions for paging are same as for RMSI. Or a PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs. In the latter case, PDCCH monitoring occasions for paging are determined according to network configurations.
2.2 Possibilities for additional paging opportunities
2.2.1 Time domain
In order to support paging over NR-U, it is beneficial to enhance paging opportunities considering LBT/CCA at gNB. 
As agreed at RAN2 #105 that “A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted)”, there could be two ways for additional monitoring occasions:
1. An additional number of successive monitoring occasions 
2. An additional number of non-successive monitoring occasions
Observation 1: There are two ways to implement additional paging opportunities, i.e. successive and non-successive.
Both mechanisms have strengths and shortcomings. Assume UE monitors these monitoring occasions without off-on switch and thus UE’s power consumption is related to the duration for all paging opportunities. This means successive monitoring occasions have benefit in UE power saving. On the other hand, it seems non-successive monitoring occasions have higher possibility to mitigate the impact of LBT failure at gNB. 
Non-successive mechanism should be supported. The additional number of monitoring occasions are considered to be introduced due to LBT failure at gNB. We think it is necessary to support non-successive mechanism for additional paging opportunities in order to achieve the goal. Successive mechanism can be supported for free if non-successive mechanism is supported.
Observation 2: Successive mechanism and non-successive mechanism are not contrary.
In the following, we will take non-successive mechanism as example.
Non-successive monitoring occasions can be implemented by multiple POs. It is required some standardization efforts since there are some issues need to be studied. The first issue could be how to determine additional PO(s) in one PF so that the UE can monitor additional PO(s). 
For example, the formula for PO index can be reused so that calculated PO(s) can be determined.  Calculated PO(s) means PO(s) whose index is figured out according to formula for PO index. And then additional POs can be inferred based on the calculated PO(s) and the relationship between additional POs and the calculated PO(s). The relationship can be fixed or configured by gNB. 
Alternatively, the formula for PO index can be modified so that the index of all POs including additional POs can be figured out according to an updated formula. How to modify the formula needs more study.
Observation 3: In order to implement multiple POs, the following issues need further study:
a) Whether to reuse the formula for PO index or modification to the formula is needed?
b) When the formula for PO index is reused, how to identify additional POs other than the calculated PO (calculated PO(s) means PO(s) whose index is figured out according to formula for PO index)? 
c) When the formula for PO index is reused, whether additional POs should be before or after (either or both) the calculated PO?
d) When the formula for PO index needs modification, how to modify it?
From UE power consumption point of view, assume UE monitors PDCCH monitoring occasions for paging without off-on switch and thus UE’s power consumption is related to the duration for all paging opportunities. The number of POs is larger and the gap between these POs is wider, the UE power consumption due to additional paging opportunities is more. 
Alternatively, non-successive monitoring occasions can be implemented by extended PO. Extended PO can be either increasing the number of PDCCH monitoring occasions in one PO or containing multiple sets of PDCCH monitoring occasions in one PO (Figure 2). 


Figure 2: multiple sets of PDCCH monitoring occasions 
In NR, one set of PDCCH monitoring occasions correspond to transmitted SSB. It is better to include multiple sets of PDCCH monitoring occasions in one PO considering the mapping with transmitted SSB.
Observation 4: Extended PO is implemented by including multiple sets of PDCCH monitoring occasions in one PO.
As shown in Figure 2, the number of PDCCH monitoring occasions set and the starting point for each set should be provided with UE in order to implement multiple sets of PDCCH monitoring occasions in one PO.
Assume UE will monitor these paging opportunities without off-on switch and thus UE’s power consumption incurred by additional paging opportunities depends on the number of PDCCH monitoring occasions and the gap between these sets. The number of PDCCH monitoring occasions is larger and the gap is wider, the UE power consumption due to additional paging opportunities is more.
Based on these analyses, a comparison between multiple POs and multiple sets of PDCCH monitoring occasions can be summarized in Table 1.
Table 1
	
	Multiple POs
	Multiple sets of PDCCH monitoring occasions

	Effectiveness
	It depends on whether it is implemented by successive or non- successive method.
	It depends on whether it is implemented by successive or non- successive method.

	UE power consumption
	The number of multiple POs is larger and the gap between these POs is wider, the UE power consumption due to additional paging opportunities is more.
	The sets number of PDCCH monitoring occasions is larger and the gap between these sets is wider, the UE power consumption due to additional paging opportunities is more.

	Standardization efforts
	In order to implement multiple POs, the following issues need further study:
a) Whether to reuse the formula for PO index or modification to the formula is needed?
b) When the formula for PO index is reused, how to identify additional POs other than the calculated PO (calculated PO(s) means PO(s) whose index is figured out according to formula for PO index)? 
c) When the formula for PO index is reused, whether additional POs should be before or after (either or both) the calculated PO?
d) When the formula for PO index needs modification, how to modify it?
	In order to implement multiple sets of PDCCH monitoring occasions in one PO, RAN2 needs to study how to provide related parameters, e.g., the number of PDCCH monitoring occasions set and the starting point for each set, with UE.

	Specification impacts
	Potential impacts could be:
1) modification to the formula for PO index or UE behaviour to identify additional POs other than the calculated PO;
2) signalling for the number of PO
	Potential impacts could be:
· signalling for related parameters

	Complexity
	More complex
	Less complex


According to Table 1, it is observed that multiple sets of PDCCH monitoring occasions have benefits in Standardization efforts, Specification impacts and Complexity compared to multiple POs. Therefore, we prefer multiple sets of PDCCH monitoring occasions.
Proposal 1: Multiple sets of PDCCH monitoring occasion will be supported. Multiple POs will not be supported.
In order to implement multiple sets of PDCCH monitoring occasions in one PO, RAN2 needs to study how to provide related parameters with UE. For example, the number of PDCCH monitoring occasions set. The parameter can be signalled by SIB1.
Proposal 2: The number of PDCCH monitoring occasion sets is signalled by SIB1.
2.2.2 Frequency domain
During past RAN2 meetings, multiple POs in frequency domain were proposed in order to implement additional paging opportunities.
Based on existing mechanism, multiple POs in frequency domain cannot mitigate the impact of LBT. In our understanding, UE in RRC_IDLE/INACITVE state only monitors PDCCH in initial BWP which equals to 20MHz, as agreed by RAN1. On the other hand, LBT channel is 20MHz. It means IDLE/INACITVE mode UEs can perform LBT in one channel and these UEs cannot switch channels to perform LBT in order to mitigate the impact of LBT.
Based on these, we think RAN2 need not support multiple POs in frequency domain.
Proposal 3: Additional paging opportunities in frequency domain will not be supported.
2.3 Dynamic extension
For NR unlicensed operation, addition paging opportunities are used at network and UEs if they can, or are used upon some conditions are met or based on network indication. The latter cases can be called as “dynamic extension” for the paging opportunities.
Dynamic extension for the paging opportunities should be supported. If channel occupancy or load related factor is considered for cell reselection, an UE in RRC_IDLE or RRC_INACTIVE state can camp on a cell where gNB has high probabilities to page the UE without additional paging opportunities. It means the usage for additional paging opportunities is limited in less cases. So the dynamic extension for paging has benefits in power saving and resource usage and we propose to introduce a dynamic extension mechanism for paging opportunities in order to activate/deactivate the additional paging opportunities.
Proposal 4: A dynamic extension mechanism is introduced to activate/deactivate additional paging opportunities. 
The dynamic extension mechanism can be based on network indication or UE determination. For example, gNB activates/deactivates additional paging opportunities by an indication, e.g., in DRS and UEs can start/stop monitoring additional paging opportunities based on the indication [2]. Alternatively, UEs can start monitoring additional paging opportunities when a condition is met [3], e.g. the number of missing DRS reaches a pre-configured threshold. It seems the dynamic extension mechanism has impact to RAN1 mechanisms and thus we need to inform RAN1 our agreements on dynamic extension.
Proposal 5: An LS for dynamic extension mechanism is sent to RAN1.
3. Summary
In this contribution, we discuss the possibilities for addition paging opportunities and make the following observations and proposals:
Observation 1: There are two ways to implement additional paging opportunities, i.e. successive and non-successive.
Observation 2: Successive mechanism and non-successive mechanism are not contrary.
Observation 3: In order to implement multiple POs, the following issues need further study:
a) Whether to reuse the formula for PO index or modification to the formula is needed?
b) When the formula for PO index is reused, how to identify additional POs other than the calculated PO (calculated PO(s) means PO(s) whose index is figured out according to formula for PO index)? 
c) When the formula for PO index is reused, whether additional POs should be before or after (either or both) the calculated PO?
d) When the formula for PO index needs modification, how to modify it?
Observation 4: Extended PO is implemented by including multiple sets of PDCCH monitoring occasions in one PO.
Proposal 1: Multiple sets of PDCCH monitoring occasion will be supported. Multiple POs will not be supported.
Proposal 2: The number of PDCCH monitoring occasion sets is signalled by SIB1.
Proposal 3: Additional paging opportunities in frequency domain will not be supported.
Proposal 4: A dynamic extension mechanism is introduced to activate/deactivate additional paging opportunities. 
Proposal 5: An LS for dynamic extension mechanism is sent to RAN1.
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