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Introduction
In RAN1 NR AdHoc #3 meeting, some agreements have been made on paging design [1], details are as followed:
· For paging, RAN1 to down-select from the following options
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2.
More agreements on paging have been made in RAN1#90bis meeting [2]:
1. At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
0. From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
0. From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
Details of UE grouping are up to RAN2
In this contribution, we’d like to focus on the design of paging occasion considering the above agreements as the baseline.
Discussion
2.1  The motivation to redefine the design of paging occasion
In RAN2 #97 meeting, NR paging was discussed and the following agreements were reached:
Agreements
1:  UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2:  UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3:  The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.
4:  The number of paging occasions in the DRX cycle is configurable and provided in system information.
5:  If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6:  RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
[bookmark: OLE_LINK7]7:  Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enable transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: OLE_LINK4]8:  The number of time slots in a paging occasion is provided in system information.

According to the agreements above, In NR, paging can be transmitted at least using beam sweeping, which means paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). The situation is quite different about the definition of PO length. Before we discuss the motivation to redefine the design of paging occasion, we should firstly talk about what degree the beam sweeping mechanism can change the length of one PO. At the moment, there is no agreement about how the paging DCI or paging message will be transmitted using beam sweeping in RAN1, but transmission mechanism for SS block can give us some related information. Some agreements have been made on SS block using beam sweeping in RAN1, which are listed in the table 1 below：
Table 1 the actual time length occupied by SS blocks in different NR case 
		SCS
Maximal
SSB number
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]15kHz
	30kHz
	60kHz
	120kHz
	240kHz

	L=4 for up to 3GHz case
	2 subframe
	1 subframe
	N/A
	N/A
	N/A

	L=8 for from 3GHz to 6GHz case
	4 subframe
	2 subframe
	N/A
	N/A
	N/A

	L=64 for 6GHz to 52.6GHz case
	N/A
	N/A
	N/A
	More than 4 subframe
	More than 2 subframe



We can conclude from Table 1 that the actual time length occupied by SS blocks is varied due to the usage of different carrier frequency and SCS, which is also applicable to the transmission of paging DCI or paging message when beam sweeping scenario is applied.
Proposal 1: The actual time length occupied by SS blocks is varied due to the usage of different carrier frequency and SCS, which is also applicable to the transmission of paging DCI or paging message when beam sweeping scenario is applied.
Some agreements have been made for paging in RAN1#90bis meeting, which says that from RAN1 perspective, paging scheduling DCI and paging message are sent at least in the same slot. In table 1, we can find the actual length occupied by SS blocks in different NR case is no less than one subframe. Considering the information contained in one PO is usually much more than that in one SS burst, the actual time length occupied by one PO will be larger than SS blocks in the same case. In our understanding, the length of one PO in NR is usually no less than one subframe time length if beam sweeping scenario is applied compared to SS blocks .
Observation 1: The length of one PO in NR is usually no less than one subframe time length if beam sweeping scenario is applied
The definition of paging occasion in TS36.304 release8 is copied in Annex A. According to the table listed in Annex A, we can find some POs are continuous distribution for both FDD and TDD in LTE. Based on Observation 1, If we still inherit the LTE PO definition in NR system, some POs will overlap neighboring POs .
Observation 2: Some POs are continuous distribution for both FDD and TDD in LTE. Based on Observation 1, If we still inherit the LTE PO definition in NR system, some POs will overlap neighboring POs.
The PO location definition has a very tight relationship with the length of PO. In LTE system, the length of PO is fixed to one subframe while the situation will be quite different in NR because of the beam sweeping scenarios.
In LTE [3], all the UEs which meet the following equation will belong to the same frame:
SFN mod T= (T div N)*(UE_ID mod N)
In addition, the network side can use paging parameters to set the number of POs in each paging frame:
i_s = floor(UE_ID/N) mod Ns
There has obvious contradiction between varied PO length and fixed paging frame if we reuse the equation on paging frame definition in NR. For beam sweeping scenario in NR, if we define the maximal number of PO in one PF based on the minimum length of PO, the neighboring POs still can overlap each other in the maximal PO length type case. If we define the maximal number of PO based on the maximal length of PO, many subframe in a paging frame will be wasted in PO minimum length case. Due to the PO length is SCS and carrier frequency dependent, If we define different PO pattern table in a paging frame for different PO length, it will be too complex and undesirable for forward compatibility if the type of PO length increases in the future.
Observation 3: Due to the PO length is SCS and carrier frequency dependent, If we define different PO pattern table in a paging frame for different PO length, it will be too complex and undesirable for forward compatibility if the type of PO length increases in the future.
PO length is different for different SCS and carrier frequency, considering the complexity and forward compatibility, a unified PO location definition should be designed to meet all the different PO length.
Proposal 2: Considering the complexity and forward compatibility, a unified PO location definition should be designed to meet all the different PO length.
2.2  Unified PO location definition
In LTE, the PF concept is used to locate the frame the UE dedicated PO belongs to. In NR, the concept of frame and subframe is still reused, so it will be reasonable for UE to calculate its PF first before the UE locates its PO in subframe granularity. .
Proposal 3: In NR, the concept of frame and subframe is still reused, so it will be reasonable for UE to calculate its PF first before the UE locates its PO in subframe granularity.
Due to the different  PO length in NR, setting different static PO pattern table within a frame is too complex and not benefit for forward compatibility. The NR system will have more flexibility to handle different PO length in a unified way if one PO can cross different frame. 
Proposal 4: The NR system will have more flexibility to handle different PO length in a unified way if one PO can cross different frame.
In every DRX period, if we can find a fixed timer reference point and all the POs location are set based on this fixed time reference point, we can find a easy way to design the unified PO location definition which will be applicable to all the PO length type. Fortunately, a periodic symbol SS block has been introduced in NR, which can be regarded as the fixed time reference point. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR, the periodicity of SS block can be {5, 10, 20, 40, 80, 160} ms, and the periodicity of paging hasn’t been decided. In LTE, the basic periodicity of paging can be {320, 640, 1280, 2560}ms, which is always integer multiples of SS periodicity. We think the basic periodicity of paging can also be {320, 640, 1280, 2560}ms in NR.
Proposal 5: The basic periodicity of paging can also be {320, 640, 1280, 2560}ms in NR.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Proposal 6: In NR, the periodicity of paging message is always integer multiples of SS periodicity.
A relatively fixed time reference point has been found in the beginning of each DRX cycle from the analysis above. An offset can be introduced to define the location of each PO within a DRX cycle, figure 1 illustrates the PO location definition:


Figure 1: PO location definition based on SS burst
Considering there may have different PO length in NR, the value of OffsetPO is configurable and broadcast by the system information explicitly or can be calculated implicitly according to other system parameters. 
Proposal 7: Considering there may have different PO length in NR, the value of OffsetPO is configurable and broadcast by the system information explicitly or can be calculated implicitly according to other system parameters.
The SS burst based PO location setting method is easy to achieve a unified PO location definition no matter what PO length type the system will use. NR should support this SS burst based unified PO location setting method.
Proposal 8: NR should support this SS burst based unified PO location setting method.
Conclusion
According to the description above, we’d like to make a conclusion:
Proposal 1: The actual time length occupied by SS blocks is varied due to the usage of different carrier frequency and SCS, which is also applicable to the transmission of paging DCI or paging message when beam sweeping scenario is applied.
Observation 1: The length of one PO in NR is usually no less than one subframe time length if beam sweeping scenario is applied
Observation 2: Some POs are continuous distribution for both FDD and TDD in LTE. Based on Observation 1, If we still inherit the LTE PO definition in NR system, some POs will overlap neighboring POs.
Observation 3: Due to the PO length is SCS and carrier frequency dependent, If we define different PO pattern table in a paging frame for different PO length, it will be too complex and undesirable for forward compatibility if the type of PO length increases in the future.
Proposal 2: Considering the complexity and forward compatibility, a unified PO location definition should be designed to meet all the different PO length.
Proposal 3: In NR, the concept of frame and subframe is still reused, so it will be reasonable for UE to calculate its PF first before the UE locates its PO in subframe granularity.
Proposal 4: The NR system will have more flexibility to handle different PO length in a unified way if one PO can cross different frame.
Proposal 5: The basic periodicity of paging can also be {320, 640, 1280, 2560}ms in NR.
Proposal 6: In NR, the periodicity of paging message is always integer multiples of SS periodicity. 
Proposal 7: Considering there may have different PO length in NR, the value of OffsetPO is configurable and broadcast by the system information explicitly or can be calculated implicitly according to other system parameters.
Proposal 8: NR should support this SS burst based unified PO location setting method.
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Annex 
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
The following Parameters are used for the calculation of the PF and i_s:
-	T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	UE_ID: IMSI mod 1024.
FDD:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9



TDD (all UL/DL patterns):
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6
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