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1 Introduction 

How to calculate Paging Occasion is one of open issues for NR. Several approaches regarding the PO calculation has been provided during past meetings. In this contribution the comparison of different approaches is provided.  
2 Discussions
2.1 Different approaches for PO calculation for NR

There are mainly three different approaches for PO calculation for NR. 

Approach 1[1] [2 ][3][4]is aiming to reuse the PO calculation in LTE. In LTE,  idle mode UE monitors paging every DRX cycle. UE monitors one paging occasion (PO) in a specific paging frame (PF) per DRX cycle. One PF is one radio frame which may contain one or multiple PO(s). UE and eNB calculates PF and PO based on equation in the specification [5].  An example of PO and paging DRX cycle is showed in figure 1.
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Figure 1: PO in Approach 1

Approach 2 [6] [7] is a “new” mechanism compared to the mechanism in LTE. There is no Paging Frame calculation in this approach. Instead, paging DRX cycle consists of aggregate of Paging occasion. Where the Paging occasion is the duration of multiple time slots to enable gNB to transmit paging using DL beams. An example of PO and paging DRX cycle is showed in figure 2 from [6].
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Figure 2: PO in Approach 2

Approach 3 [8] assumes the paging message transmission be multiplexed with TRP ‘s SS block set. The character of this approach is the Paging occasion is not continuous.  Then the paging also has paging burst set periodicity. Then the DRX cycle is the assemble of multiple paging burst set periodicity. UE and gNB calculates Paging occasion base on the equation with UE ID and paging DRX cycle. An example of PO and paging DRX cycle is showed in figure 3 from [8].
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                                                                 Figure 3: PO in Approach 3 
2.2 Comparison of different Approaches

2.2.1 User hash mechanism 

 In LTE, UEs hashing for paging is over time domain.  The candidate three approaches can be further split into two categories, say concentrate and Distribute type which are showed in figure 4 and figure 5 respectively below.
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                                                  Figure 4 concentrate type
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                                                       Figure 5 Distribute type

Approach 1 and approach 2 belong to concentrate type and approach 3 belongs to distributed type. 
Since distributed type of user hashing mechanism is adopted by LTE and works well,  it seems approach 1 and 2 are more attractive in terms of user hash mechanism. 

On issue for approach 3 is the capacity of record list. In LTE, the maximum number of user in one PO is 16. Since the number of PO is limited by SS block period, then the Record list in Paging for approach 3 may need to be enhanced.

Observation 1: Capacity of paging record list should be expanded for approach 3.
2.3 DRX cycle configuration and UE specific DRX cycle

One issue for approach 2 is DRX cycle configuration. 
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Figure 6: Deployment of paging area
As showed in figure 6, in an area of Paging area (TA area), there may contain several different TRPs which send page message to UEs with beam sweeping. If approach 2 is adopted for NR, then the duration of paging occasion is determined by the number of multiple time slots to enable gNB to transmit paging using TX beam sweeping. Due to different number of beams and numerology, the duration of NR PO may different in each TRPs. In this example, as showed in figure 7, TRP 1‘s NR PO is longer than 1 subframe and TRP 2’s NR PO is shorter than 1 subframe.  Then the DRX cycle for TRP1 may be 32.14ms or 28.45ms. It is very difficult to specify such a mechanism. 
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Figure 7: mismatch length issue for approach 2
Without standard DRX cycle value, it is impossible to provide UE specific DRX cycle function in NR. In LTE , the UE may signal to Network that it wishes to use the DRX cycle length broadcast in the RAN 's System Information. Alternatively, the UE can propose a DRX cycle length for use when not camped on an NB-IoT cell. The MME in E-UTRAN shall accept the value proposed by the UE and sends UE specific DRX cycle to eNB. With the definition of approach 2, it is hard to provide such function to UE. 

Alternately, if  approach 2 use standard DRX cycle ( i.e. 32ms ,64ms) and not Constitute by PO duration , then a gap issue need to be handled. As showed in figure 8, if DRX cycle is 32ms and PO N +1 is not used for paging, then a gap exists in each DRX cycle. The gap duration is shorter than one Paging occasion. The exist of paging gap is obviously waste the time for paging in the NR system then it is necessary to mitigate this issue for approach 2. 
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Figure 8: paging gap issue

Observation 2: The gap between accumulated NR PO and DRX cycle need to be mitigated for approach 2. 

2.4 How to support multiplexing of paging with SS block set ?

RAN1 has also agreed to consider multiplexing of paging with SS block set in NR.  The detailed agreement is copied in the table below. 

	Agreements-1:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

Companies report their assumption for paging


It is obvious that approaches 3 is applicable to this scenario. 

For approach 1, some enhancement is needed and the possible solution is described in [1]. 

However, for approach 2, it is seems hard to apply this mechanism in this scenario since the PO duration is not defined on radio frame basis. 

Observation 3:  whilst approach 1 and approach 2 are not suitable to support multiplexing of paging with SS block set, approach 3 seems to be ideally suited for this.
2.5 Comparison table: 

Based on analysis above, a comparison table of different approaches is showed in the table below in terms of application scenario and issue. 

	Approach item
	Approach  Description
	User hash mechanism
	UE specific DRX cycle
	Multiplexing paging with SS blocks

	Approach 1
	“2 step” method like in LTE.
	attractive  
	Applicable
	Need slight enhancement 

	Approach 2
	Accumulated PO duration.
	attractive 
	Need enhancement 
	Hard to apply

	Approach 3
	Calculate PO based on SS burst set period
	Not attractive due to paging record list 
	Applicable
	applicable


Table 1: Comparison table of different approaches
Since approach 1 performs well compared to other approaches and has the minimal impact on specification, we propose:

Proposal: Reuse the PO calculation in LTE for NR.

3 Conclusion 

Based on all the analysis above, we give our observation and proposals as:

Observation 1: Capacity of paging record list should be expanded for approach 3.

Observation 2: The gap between accumulated NR PO and DRX cycle need to be mitigated for approach 2.

Observation 3:  whilst approach 1 and approach 2 are not suitable to support multiplexing of paging with SS block set, approach 3 seems to be ideally suited for this
Proposal: Reuse the PO calculation in LTE for NR.
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