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1. Introduction
RAN2#102 has agreed on PF/PO calculation for NR paging in Idle/Inactive mode and this has been captured in the specification TS 38.304. 

However, for non-default association (i.e. when paging-SearchSpace is used), the description is not entirely clear for the starting time of a Paging Occasion (PO) for multi-beam operation.

In this contribution, we further discuss PO calculation for non-default association and provide proposals for clarifications.
2. Discussion
A PO is defined in 38.304 as “set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent” and it is stated that “In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern”.

After PF is determined, the calculation of PO in 38.304 is as follows:

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.
This determination of PO was agreed based on the assumption that it was clear from specification where each beam sweeping starts and, given and index i_s, the UE could calculate its PO. However, unlike the default association where the starting point of PO is given in 38.213, the definition of paging-SearchSpace does not provide enough information for this determination.
The  paging-SearchSpace is a type of SearchSpace which defines where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet.”. The IE is copied in the Annex from TS 38.331 for reference.

The important parameters of SearchSpace for PO calculation are periodicity, offset, and, duration. The candidate PDCCH locations start at at the specified offset from the points which are multiples of the specified periodicity and last for the specified duration. However, there is no correspondence between the beams and the locations within this duration. Therefore, the UE does not know where a beam sweep starts and ends and needs. In other words, the UE has to monitor the complete search space duration to find its paging DCI. This also means that the parameter i_s used in PO has no significance since the PO is same and whole search space duration for all UEs. 
The above is obviously not acceptable from both specification point of view and UE power consumption. The reason for defining a PO is to be able to allow the UE to monitor only a certain time duration to receive paging. In LTE, this is one subframe per DRX cycle. For NR, the intention was also to have a similar behaviour and it was agreed that the UE has to monitor only one PO and the network can distribute users among different POs. This was even agreed during the NR Study Item and captured in 38.804 (section 11.1.1.2).
To resolve this problem, a way to differentiate between POs need to be introduced so that UE can determine its own PO unambiguously, similar to RAN1 did with the default association. This was also hinted by the RAN1 agreement and RAN1 LS to RAN2 as follows [1]:
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. 
Proposal 1: The parameters to determine PO locations should be broadcasted along with other paging parameters in SIB1.
There are two main options on signalling of PO locations: 1-) starting point of each PO location 2-) duration of a PO. 
The main benefit of first option is that it gives network full flexibility to place POs, for example distributing it nonuniformly. The main drawback is that it requires more signalling overhead compared to the second option. 
One option for signalling duration is using an absolute time, similar to NR DRX ON time. However, not all slots defined in the search space are actually suitable for receiving paging DCI. For example, some slots could be allocated for uplink where paging is not possible. Therefore, using an absolute time may not work in cases where DL/UL portioning is not uniform across POs. 
Alternatively, the duration can be defined as the suitable slots for receiving paging DC, such as only DL slots as used in LTE DRX ON time calculation. For this to work, the UE should be able to obtain all the necessary information to determine if a slot is a candidate to receive paging DCI. For example, it is not clear whether flexible symbols can always be regarded as suitable (RACH occasions in flexible symbols are also considered as UL subframes). Therefore, it will be good to verify with RAN1 that the UE has the same knowledge as the NW in understanding of the suitability of slots for paging DCI transmissions. 
Proposal 2a: RAN2 to select between signalling PO starting points or PO duration which is defined as the number of suitable slots for receiving paging DCI.

Proposal 2b: If PO duration as the number of suitable slots is selected, RAN2 should verify with RAN1 that the beam sweeping duration can unambiguously be determined by the UE.
In the above discussion, it was assumed that the first PO starts with the first slot determined by the search space. It is also possible to signal this explicitly. This can be useful if the NW does not want to align the search space with paging durations and for example instead just defines all slots as part of the search space. If the PO starting points are signalled explicitly, this will also be covered. However, if the signalling of duration is used, an explicit signalling of the first occasion may be beneficial.
Proposal 2c: If PO duration as the number of suitable slots is selected, RAN2 should discuss the need to signal the starting point of first PO explicitly.

Assuming RAN2 agrees to Proposal 1 and 2, a further refinement can be introduced to improve UE power consumption and bring it closer to LTE levels. For non-default association, within the PO duration of one beam sweep, the UE still will not know of any correspondence between beams determined by SSB and monitoring occasions. In other words, it still needs to monitor the complete PO for paging DCI. For default association, the mapping between SSB and PDCCH locations are defined in Section 10 of TS 38.213. A similar scheme should be defined for non-default association, which was already mentioned by the RAN1 agreement quoted above (“association between actual transmitted SSB and the monitoring window of PDCCH”) . Even though the RAN1 agreement says that it was up to RAN2 how to configure, this agreement was taken before RAN2 discussed paging formulas. In light of the status of PF/PO calculation introduced in the last RAN2 meeting as well as the urgency of limiting ASN.1 impact, per beam association can be better captured in 38.213, similar to the default association. A contribution along this line was submitted to RAN1#93 [2] but was not treated since RAN2 design on paging was still pending at the time. RAN2 should request RAN1 to introduce the mentioned mapping instead of defining it and configuring via RRC.
Proposal 3: RAN2 to send an LS to RAN1 requesting to define an association (in 38.213) between SSB and PDCCH monitoring occasions in one beam sweeping duration (i.e. one PO) when paging search space is configured.
3. Conclusion
In this contribution, we further discussion the determination of PO for non-default association and propose the following:
Proposal 1: The parameters to determine PO locations should be broadcasted along with other paging parameters in SIB1.
Proposal 2a: RAN2 to select between signalling PO starting points or PO duration which is defined as the number of suitable slots for receiving paging DCI.

Proposal 2b: If PO duration as the number of suitable slots is selected, RAN2 should verify with RAN1 that the beam sweeping duration can unambiguously be determined by the UE.

Proposal 2c: If PO duration as the number of suitable slots is selected, RAN2 should discuss the need to signal the starting point of first PO explicitly.

Proposal 3: RAN2 to send an LS to RAN1 requesting to define an association (in 38.213) between SSB and PDCCH monitoring occasions in one beam sweeping duration (i.e. one PO) when paging search space is configured.
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Annex

Search space used for paging as defined in the latest running CR for 38.331 for NR stand-alone.
–
SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet.

SearchSpace information element

-- ASN1START

-- TAG-SEARCHSPACE-START

SearchSpace ::= 





SEQUENCE {


searchSpaceId






SearchSpaceId,


controlResourceSetId




ControlResourceSetId













OPTIONAL, 
-- Cond SetupOnly


monitoringSlotPeriodicityAndOffset

CHOICE {



sl1









NULL, 



sl2









INTEGER (0..1), 



sl4









INTEGER (0..3), 



sl5 








INTEGER (0..4),



sl8









INTEGER (0..7), 



sl10 








INTEGER (0..9),



sl16 








INTEGER (0..15),



sl20 








INTEGER (0..19),



sl40 








INTEGER (0..39),



sl80 








INTEGER (0..79),



sl160 








INTEGER (0..159),



sl320 








INTEGER (0..319),



sl640 








INTEGER (0..639),



sl1280 








INTEGER (0..1279),



sl2560 








INTEGER (0..2559)


}




























OPTIONAL,
-- Cond Setup


duration







INTEGER (2..2559)














OPTIONAL,
-- Need R

monitoringSymbolsWithinSlot



BIT STRING (SIZE (14))













OPTIONAL, 
-- Cond Setup


nrofCandidates






SEQUENCE {



aggregationLevel1





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel2





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel4





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel8





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},



aggregationLevel16





ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}


}




























OPTIONAL,
-- Cond Setup


searchSpaceType






CHOICE {



common








SEQUENCE {




dci-Format0-0-AndFormat1-0



SEQUENCE {





...




}


























OPTIONAL,
-- Need R




dci-Format2-0






SEQUENCE {





nrofCandidates-SFI





SEQUENCE {






aggregationLevel1





ENUMERATED {n1, n2}










OPTIONAL,
-- Need R






aggregationLevel2





ENUMERATED {n1, n2}










OPTIONAL,
-- Need R






aggregationLevel4





ENUMERATED {n1, n2}










OPTIONAL,
-- Need R






aggregationLevel8





ENUMERATED {n1, n2}










OPTIONAL,
-- Need R






aggregationLevel16





ENUMERATED {n1, n2}










OPTIONAL
-- Need R





},





...




}


























OPTIONAL,
-- Need R




dci-Format2-1






SEQUENCE {





...




}


























OPTIONAL,
-- Need R




dci-Format2-2






SEQUENCE {





...




}


























OPTIONAL,
-- Need R




dci-Format2-3






SEQUENCE {





monitoringPeriodicity




ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }




OPTIONAL, 
-- Cond Setup





nrofPDCCH-Candidates




ENUMERATED {n1, n2},





...




}


























OPTIONAL
-- Need R



},



ue-Specific







SEQUENCE {




dci-Formats







ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},




... 



}


}




























OPTIONAL
-- Cond Setup

}

-- TAG-SEARCHSPACE-STOP

-- ASN1STOP
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