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1. Introduction

In previous RAN2 meetings, a lot of progress was achieved as indicated in following.

Agreements

1
RAN2 confirms RAN1 agreements that paging mechanisms similar to option2, 3 and 4 (as defined by RAN1) will not be supported in Rel-15 
2
Paging messages include the full UE id as in LTE 

FFS Whether truncated UE ID could optionally be used in the case of FR2

Agreements

1: 
The length of one PO in case of beam sweeping is one period of beam sweeping 

2: 
The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.

3:
The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)

4:
PO can be TDMed or FDMed with an SS block

Agreements

1
Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID

However, there are still some issues left, for example, the PO/PF calculation, PCCH parameter configuration, etc. Therefore, in this paper, we aim to discuss the left issues and provide our suggestion accordingly. 
2. Discussion

2.1 PF and PO calculation in time domain

In RAN2#101 meeting, RAN2 agreed that UEs derive a reference frame and relative to that a paging occasion based on UE ID within the DRX cycle. So for paging reception, the PF should be determined firstly, then the PO is determined.
Agreements

1
Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID

In LTE, the PF is determined by the formula: SFN mod T= (T div N)*(UE_ID mod N), where N is the min (T, nB). The N can adjust the number of the PF in one DRX cycle and meet the different requirement for paging capacity. We propose adopt the same formula for PF determination in NR.

Proposal 1: The LTE PF calculation scheme is taken as the baseline for NR, i.e. SFN mod T= (T div N)*(UE_ID mod N), and the similar definition as LTE for N is also used in NR. 
In LS [1], RAN1 agreed that:
The following have been agreed in this RAN1 meeting:

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.

· It is up to RAN2 on how to do the above configuration.

· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.
Based on the LS from RAN1, the SFN determined by the above formula may not be aligned with the PF of UE because the SFN may not contain a paging PDCCH monitor window. In this case, the UE should find the previous nearest SFN which contains the paging PDCCH monitor window and consider this SFN as the PF of the UE.
Proposal 2: The actual PF is updated to the previous nearest SFN which contains the paging PDCCH monitor window.

RAN2 agreed that the length of one PO in case of beam sweeping is one period of beam sweeping. RAN2 also agreed that PO can be TDM or FDM with an SS block. If it is FDM, the paging PDCCH monitor window will be the same as RMSI PDCCH monitor window if the paging PDCCH is not configure in the RMSI The length of the SS burst set is at least 5ms. So there is one or two PO in one PF. Proposal 3: The number of PO is one or two, which is up to network configuration.
2.2 The PF and PO for paging in frequency domain

In RAN WG1 #AH_NR3 meeting, RAN1 agreed that:

	Agreements:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier


According to the agreements, the idle UE will associate with one SS block and camp on the cell for paging and system information reception. The network does not know which SSB the UE will associate, so there are 2 options to make sure the paging is not missed by the UE.
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Option 1: the network will deliver the paging message in all cell-defining SSB within a wideband carrier. However, it will increase the paging load especially in the high frequency deployment.

Option 2: the UE and network will select one SSB to deliver and receive the paging message. It will be a little complexity compared the option 1.

Proposal 4: RAN2 is kindly asked to discuss and selection one option in R15.
In LTE eMTC, the paging occasion of one UE will be fixed in one narrowband to increase the paging capacity.

If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:

PNB = floor(UE_ID/(N*Ns)) mod Nn

Nn : number of paging narrowbands (for P-RNTI monitored on MPDCCH).
In NR, the similar mechanism can be adopted to reduce the paging load and increase the paging capacity. There are 2 options:
Option 1: the UE-ID is used to distribute the UE to one SSB for paging reception. E.g. the SSB number for the UE paging reception in the wideband carrier equal to the UE-ID mod M, where the M is the total number of the SSB in the wideband carrier.

Option 2: the SFN of PF is used to distribute the UE to one SSB for paging reception. E.g. the SSB number for the UE paging reception in the wideband carrier equal to the SFN mod M, where the M is the total number of the SSB in the wideband carrier and SFN is the PF determined as in the above section.

For option 1, the UE will receive the paging message always in one SSB. For option 2, the UE will receive the paging message in the SSB based on the SFN number of PF. So option 2 owns the frequency hop feature and it will improve the paging reception performance.

Consider the pros and cons of option 2 that the paging is associated with one SSB, one capability can be defined for the UE to support this solution if RAN2 would like to select the option 1.
Proposal 5: The SSB selection in wideband carrier for paging reception is supported in R15.

Proposal 6: Option 2 is adopted, namely, the SFN of PF is the input to determine the SSB selection for paging reception.

If the UE can determine the SSB for the paging reception, the UE should know the total number of the SSB in the wideband carrier. It is better to know the frequency location of other SSB compared with the current SSB frequency location, and the UE can find the target SSB quickly.
Proposal 7: The total number of SSBs in the wideband carrier is broadcast in the RMSI. The relative position of the frequency domain for other SSBs compared with the current SSB is also broadcast in the RMSI.
2.3 The parameters and configuration for paging
In RAN2#Adh-1801, it was agreed that the default DRX cycle parameter in LTE is baseline and the maximum value should be 2.56s, but it is not clear about the unit of the default DRX cycle. In LTE, the unit of the default DRX cycle is the number of radio frame. In NR, some companies propose the default DRX cycle is multiple of the SSB periodicity due to synchronization purpose before the paging reception. 
Agreements:

1
Idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline.

2
The maximum idle/inactive mode DRX value in NR should be 2.56s.
PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












fourT, twoT, oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT}

}

RAN2 already agreed that there is one default DRX cycle and one UE specific DRX. If the default DRX cycle is configured as multiple SSB periodicities, the UE specific DRX is hard to configure because the UE specific DRX is determined by the UE and different cell may have different SSB periodicity. So we propose the DRX cycle is expressed as number of radio frame and adopt LTE DRX configurations.

Proposal 8: The default DRX cycle and UE specific DRX cycle in NR are indicated as the number of radio frame, i.e. taking LTE DRX configurations as the baseline.
In LTE, the nB parameter in PCCH configuration impacts the number of PF in one DRX cycle and the number of PO in one PF. So the nB is still need to configure the number of PF. As discussed above, the PO is different from LTE, there will be only one or two PO in one PF. So the value for nB can {oneT, halfT, quarterT, oneEighthT, oneSixteenthT, oneThirtySecondT, oneSixtyFourT , oneHundredTwentyEightT}.
Proposal 9: The nB is configured in NR and the value is  {oneT, halfT, quarterT, oneEighthT, oneSixteenthT, oneThirtySecondT, oneSixtyFourT , oneHundredTwentyEightT}.
RAN2 agreed that the number of time slots in a paging occasion is provided in system information. RAN2 also agreed that the length of one PO in case of beam sweeping is one period of beam sweeping. The length of the SS burst set is 5ms. The length of PO will be also at least 5ms. So we are not sure if the PO length is configurable. We kindly ask RAN2 to confirm the previous agreements.
Proposal 10: The ASN.1 of PCCH configuration in the system information is adopted as below.

PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT, oneSixtyFourT, oneHundredTwentyEightT },

}
3. Conclusions:

In this contribution, we discuss the PO/PF calculation issue and the configuration parameters for PCCH, we propose:

Proposal 1: The LTE PF calculation scheme is taken as the baseline for NR, i.e. SFN mod T= (T div N)*(UE_ID mod N), and the similar definition as LTE for N is also used in NR. 

Proposal 2: The actual PF is updated to the previous nearest SFN which contains the paging PDCCH monitor window.

Proposal 3: The number of PO is one or two, which is up to network configuration.
Option 1: the network will deliver the paging message in all cell-defining SSB within a wideband carrier. However, it will increase the paging load especially in the high frequency deployment.

Option 2: the UE and network will relative to one SSB to deliver and receive the paging message. It will be a little complexity compared the option 1.
Proposal 4: RAN2 is kindly asked to discuss and selection one option in R15.
Proposal 5: The SSB selection in wideband carrier for paging reception is supported in R15.

Proposal 6: Option 2 is adopted, namely, the SFN of PF is the input to determine the SSB selection for paging reception.

Proposal 7: The total number of SSBs in the wideband carrier is broadcast in the RMSI. The relative position of the frequency domain for other SSBs compared with the current SSB is also broadcast in the RMSI.
Proposal 8: The default DRX cycle and UE specific DRX cycle in NR are indicated as the number of radio frame, i.e. taking LTE DRX configurations as the baseline.

Proposal 9: The nB is configured in NR and the value is  {oneT, halfT, quarterT, oneEighthT, oneSixteenthT, oneThirtySecondT, oneSixtyFourT , oneHundredTwentyEightT}.
Proposal 10: The ASN.1 of PCCH configuration in the system information is adopted as below.

PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT, oneSixtyFourT, oneHundredTwentyEightT },

}
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