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1 Introduction

In RAN2 #102 mechanism to derive PO was discussed and several agreements [1] were made. According to these agreements as captured in TS 38.304:

In this contribution we discuss the following aspects:

1) How many PDCCH monitoring occasions for paging are there in each PO?

2) Which PDCCH monitoring occasions configured by paging-SearchSpace belongs to (i_s + 1)th PO
3) Delinking between number of PFs and POs in DRX Cycle
2 Discussion
2.1 PDCCH Monitoring Occasions for paging based on paging-SearchSpace
The following parameters in paging-SearchSpace configures the PDCCH monitoring occasions for paging:
· periodicity (1, 2, 4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640, 1280, 2560 slots)
· offset (0 to periodicity-1)
· duration: Number of consecutive slots having PDCCH monitoring occasions every period given by periodicity. The maximum valid duration is periodicity-1.
· monitoringSymbolsWithinSlot (1 bitmap of size 14, one bit corresponding to a OFDM symbol)
· CORESET-time-duration: Number of consecutive OFDM symbols in a PDCCH monitoring occasion
Figure 1 is an illustration of PDCCH monitoring occasions for paging based on paging-SearchSpace configuration (Periodicity: 5 slots; Offset: 0; duration: 2 slots; monitoringSymbolsWithinSlot: 00100000100000; CORESET-time-duration: 4 OFDM symbols). The number of slots in radio frame are assumed to be 10 in the example.
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Figure 1
We can observe that paging-SearchSpace configuration provides the locations (slots/symbols) of PDCCH monitoring occasions for paging. 
Observation 1:  Paging-SearchSpace configuration provides the locations (slots/symbols) of PDCCH monitoring occasions for paging.

2.2 PDCCH Monitoring Occasions of a PO

In case of beamformed system, paging is transmitted using beam sweeping. So one PO should consists of N PDCCH monitoring occasions, where ‘N’ is the number of SSBs. The question is whether the ‘N’ is equal to maximum number (L) of SSBs supported per frequency band or is equal to actual number of SSBs transmitted.
The maximum number (L) of SSBs per frequency band is pre-defined.

· L = 4 ( ~ 3 GHz)
· L = 8 (3 to ~ 6 GHz)
· L = 64 (6 GHz ~)
The actual number of transmitted SSBs are signaled by network. UE can determine the number of actual transmitted SSBs using the parameter ssb-PositionsInBurst in ServingCellConfigCommonSIB. 
If ‘N’ is equal to maximum number (L) of SSBs, length of PO will be longer and may increase UE’s power consumption. So we propose that for non-default association, one PO comprises of ‘N’ PDCCH monitoring occasions where ‘N’ is equal to number of actual transmitted SSBs.
Proposal 1: For non-default association, one PO comprises of ‘N’ PDCCH monitoring occasions where ‘N’ is equal to number of actual transmitted SSBs.
In order to monitoring paging, UE needs to know which PDCCH monitoring occasion(s) configured by paging-SearchSpace belonging to its PO i.e. (i_s + 1)th PO. 
Based on paging search space configuration (as explained in section 2.1), UE can know the 1st PDCCH monitoring occasion for paging in the determined reference frame and also the subsequent PDCCH monitoring occasions. A set of N PDCCH monitoring occasions starting from the 1st PDCCH monitoring occasion in the PF can be assigned to each PO sequentially. For a UE monitoring (i_s + 1)th PO, PO is set of N PDCCH monitoring occasions (configured by Paging-SearchSpace) starting from (i_s * N)th PDCCH monitoring occasion, where the PDCCH monitoring occasions starting from 1st PDCCH monitoring occasion for paging in the paging frame can be sequentially numbered from zero.
Figure 2 is an example illustration.

· paging-SearchSpace configuration (Periodicity: 5 slots; Offset: 0; duration: 2 slots; monitoringSymbolsWithinSlot: 00100000100000;CORESET-time-duration: 4 OFDM symbols)

· nB = 2T; Reference Frame determined by UE: SFN ‘F1’; Number of SSBs = 4
· i_s = 0 (PO = 1st PO = PDCCH monitoring occasion 0,1,2,3
· i_s = 1 (PO = 2nd PO = PDCCH monitoring occasion 4,5,6,7

[image: image2.emf]SFN = F1

PDCCH 

Monitoring 

Occasion 0

PDCCH 

Monitoring 

Occasion 1

Slots corresponding to 1

st

 PO

Slots corresponding to 2

nd

 PO

PDCCH 

Monitoring 

Occasion 2

PDCCH 

Monitoring 

Occasion 3

PDCCH 

Monitoring 

Occasion 4

PDCCH 

Monitoring 

Occasion 5

PDCCH 

Monitoring 

Occasion 6

PDCCH 

Monitoring 

Occasion 7


Figure 2

Proposal 2: For non-default association, (i_s + 1)th PO is a set of N consecutive PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The PDCCH monitoring occasions starting from 1st PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero.
2.3 Delinking configurtaion of #of PFs and POs in DRX cycle

In the baseline design of determining PO, for nB <= T, there is only one PO in PF. For nB > T, there are multiple POs in a PF. So for configuring multiple POs in a PF, network has to configure every radio frame as PF. It is not possible to configure some of the radio frames in DRX cycle as PF and have multiple POs in these PFs. In beamformed system a set of synchronization signal blocks (SSBs) are periodically transmitted using beam sweeping. UE can measure these SSBs and identify the TX/RX beam for receiving paging. For longer SSB periodicity (such as 20, 40, 80, 160ms), multiple POs may need to configured at an interval longer than radio frame.
In order to configure some of the radio frames in DRX cycle as PF and have multiple POs in these PFs, the simplest approach is to signal Ns instead of Ns = max (1, nB/T). For example if PF is needed every 40ms and 2 POs are needed every PF, nB can be set to T/4 and Ns can be set to 2. Ns can be signaled in SystemInformationBlock1 together with other parameters (nB, PF_offset, and the length of default DRX Cycle). nB can be renamed as the number of PFs in DRX cycle.
Observation 2: By signaling Ns, it is possible to configure some of the radio frames in DRX cycle as PF and have multiple POs in these PFs,.
Proposal 3: RAN2 to discuss whether to support in Release 15, a mechanism to configure some of the radio frames in DRX cycle as PF and have multiple POs in these PFs.

3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: For non-default association, one PO comprises of ‘N’ PDCCH monitoring ocassions where ‘N’ is equal to number of actual transmitted SSBs.
Proposal 2: For non-default association, (i_s + 1)th PO is a set of N consecutive PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring ocassion. The PDCCH monitoring ocassions starting from 1st PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero.
Proposal 3: RAN2 to discuss whether to support in Release 15, a mechanism to configure some of the radio frames in DRX cycle as PF and have multiple POs in these PFs.
Proposal 4: Adopt the CR [3].
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SFN for the PF is determined by:


(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) 


Index (i_s), indicating the start of a set of PDCCH monitoring occasions for the paging DCI, is determined by: 


i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T)


The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in 38.213) otherwise. 


For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.


For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF.


The following parameters are used for the calculation of PF and i_s above:


T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or 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: number of total paging occasions in T


N: min(T, nB) 


PF_offset: offset used for PF determination


UE_ID: IMSI mod 1024


Parameters nB, PF_offset, and the length of default DRX Cycle are signaled in SystemInformationBlock1. 
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