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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

Agreements of PO/PF calculation:

1
As a baseline, the association between SSB and monitoring window of PDCCH containing Paging DCI will be same as that between SSB index and its RMSI monitoring window (as defined in TS 38.213). It means the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window. 

The paging capacity issue is mentioned in the RAN2 101bis#67 email discussion, but it seem it is hard to get an agreement based on the email discussion. Further we think the NR paging capacity is reduced compared with LTE due to long UE id in the paging, beam sweeping, high frequency deployment and so on. So we will propose the paging capacity improvement solution and it is simple and valid. We also propose it can be included in the R15 NR.

2. Discussion

Based on the RAN1 LS [1], we can assume that the UE number can be 16 in the paging message as LTE. 
In LTE, the paging configuration in SIB2 is:
PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












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












oneSixteenthT, oneThirtySecondT}

}
The PF number in one DRX cycle is based on the DRX cycle and nB configuration. If the nB is not smaller than T, then each radio frame can be PF. It is possible to configure up to 4 POs in one PF.
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In NR, the paging PDCCH monitor window is periodical. The minimal periodicity of the paging PDCCH monitor window is 5ms. So the best case is that each radio frame can have the paging PDCCH monitor window. And the the number of POs in one frame could be at most 2 for NR. 

Observation 1: the paging capacity is reduced in NR compared with LTE.

In [2], it indicates “Some typical trends include explosive growth of data traffic, great increase of connected devices and continuous emergence of new services.” So the massive devices will exist in the NR network, e.g. IOT device. The paging capacity should be improved in NR.

In LTE, for MTC/IOT device, the paging occasion of the UE will distributed in the frequency domain and it improves the paging capacity for this kind of UEs.

Observation 2: the paging capacity is improved for MTC/IOT device in LTE and there will be massive devices in NR network.

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, but it will improve the paging capacity.

Proposal 1: 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 2: The SSB selection in wideband carrier for paging reception is supported in R15.

Proposal 3: 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 4: 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.
3. Conclusions:

In this contribution, we discuss the paging capacity issue and we propose:

Observation 1: the paging capacity is reduced in NR compared with LTE.

Observation 2: the paging capacity is improved for MTC/IOT device in LTE and there will be massive devices in NR network.

Proposal 1: RAN2 is kindly asked to discuss and selection one option in R15.
Proposal 2: The SSB selection in wideband carrier for paging reception is supported in R15.

Proposal 3: Option 2 is adopted, namely, the SFN of PF is the input to determine the SSB selection for paging reception.

Proposal 4: 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.
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