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Introduction
The outline of the NR paging design in RAN1 has now progressed to the extent that a paging discussion in RAN2 seems meaningful. At the last RAN1 meeting in 2017 several agreements were taken, in which the following is perhaps the most important.
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages.

In addition, at the RAN1 adhoc meeting in January, the above agreement was further elaborated into the following two agreements (RAN2 informed in LS [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.
· 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.
In RAN2, paging has been discussed sparsely since the RAN2#98 meeting in June 2017. Until now, some general paging agreements have been captured in 3GPP TS 38.300 [2], see extract from sub-clause 9.2.5 below:
The UE monitors one paging occasion per DRX cycle for the reception of paging as follows:
-	Paging DRX cycle length is configurable:
-	A default DRX cycle for CN paging is configurable via system information;
-	A UE specific DRX cycle for CN paging is configurable via UE dedicated signalling.
-	NG-RAN can configure a UE with a DRX cycle for RAN paging. This configuration can be UE specific.
-	The number of paging occasions in a DRX cycle is configurable via system information:
-	A network may distribute UEs to the paging occasions based on UE id when multiple paging occasions are configured in the DRX cycle.
-	Paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). The number of time slots in a paging occasion is configurable via system information:
-	A network may transmit a paging using a different set of DL Tx beam(s) or repetitions in each time slot.
Additionally, the following agreements were taken at the RAN2 adhoc meeting in January.
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.


Agreement:
1	From RAN2 understanding for paging in multi-beam operation TX beam sweeping can be performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.


[bookmark: _Hlk506486555]This contribution discusses some general RAN2 aspects on the paging concept in NR. Based on the discussion in this paper, a draft LS to RAN4 on timing requirements on paging occasions relative SS Blocks is provided in [4].
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk503038178]In lower carrier frequencies (e.g. below 6 GHz), paging (as well as SS Block transmission) is expected to be transmitted by means of a single omnidirectional or sector beam transmission. In these conditions, the NR paging conditions are likely to be similar to those of LTE, i.e. sending of paging DCI on PDCCH followed by a paging message on PDSCH. On higher carrier frequencies though, the efficiency of omnidirectional or sector beam transmission may not be good enough. Instead the concept of beam swept paging has been discussed, along with a group paging approach where multiple UEs are assigned a common group ID. However, irrespective which paging approach is deployed in the NR cells, the UE need to monitor its Paging Occasions (POs) given by a set of rules known by the network and the UE itself.
Although the implication of the RAN1 agreement of QCL between SS Blocks and paging information involves both a TDM and a FDM based transmission solution, the discussion in this paper only considers a TDM based transmission solution of the SS Blocks and the paging information.
As per the RAN2 agreements, there may be multiple Paging Occasions per DRX cycle to which UEs can be distributed (but each UE only monitors one Paging Occasion per DRX cycle). The discussion and examples in this paper assumes that in case there are multiple Paging Occasions per DRX cycle, the Paging Occasions are uniformly distributed in time. However, this is not meant to rule out the possibility that there may also be configurations where Paging Occasions are non-uniformly distributed in time. This can be left for further study.
[bookmark: _Hlk503390262]Referring to the RAN1 agreement to assume QCL between SS Blocks, Paging DCIs and Paging Messages, the interval between the SS Block and the paging information (paging DCI on PDCCH scheduling the paging message transmitted on PDSCH or alternatively, a DCI Paging messages on PDCCH [3] without a regular paging message transmission on PDSCH) should be larger than the UE processing time for pre-sync, but small enough for power consumption reasons. In the RAN1 paging discussions, it has been suggested that the minimum time interval between the last SS Block location and the first Paging Occasion should be 1ms for the UE to complete pre-sync before paging reception. In the same RAN1 discussions it was also suggested that the SS Burst Set periodicity associated to a paging reception should be less than 80ms considering the pre-sync quality and best beam validity.
[bookmark: _Hlk506486656][bookmark: _Hlk506486711]However, the time requirements discussed in RAN1 are more to be considered as proposals, thus the distinct rules in terms of time requirements, i.e. how Paging Occasions can be placed in relation to SS Block transmissions/SS Burst Sets, need to be known in order for RAN2 to design an algorithm for Paging Occasion in NR. It is therefore proposed to send an LS to RAN4, see draft LS in [4], requesting RAN4 for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions (e.g. SS Burst Sets). 
[bookmark: _Hlk506486721][bookmark: _Toc506490426]Request RAN4 for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions. A draft LS to RAN4 is provided in R2-1802342 [4].
Figure 1 below shows an example how Paging Occasions can be located in relation to SS Blocks (SS Burst Sets). The example illustrates an SS Burst Set periodicity of 20ms, with the SS Block (SS Burst Set) and the Paging Occasion adjacently located in time, and with one Paging Occasion per SS Burst Set period.
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Figure 1: Relation between SS Burst Sets and Paging Occasions, example 1.
Figure 1 shows an example where the intervals between Paging Occasions are identical to the intervals between SS Burst Sets. Each page, containing the paging information, is transmitted in the same set of beams as the SS Blocks in an SS Burst Set (this follows from the QCL requirement) during one Paging Occasion. Hence in multi-beam operation, each Paging Occasion consists of multiple time slots, e.g. subframes or OFDM symbols, which together cover all the beams in the beam sweep used to convey a page. In the example of figure 1 above, the Paging Occasions always follow the transmission of the SS Burst Set, hence the periodicity of the Paging Occasions is identical to the SS Burst Set periodicity. The coupling between the SS Burst Set periodicity and the distribution of Paging Occasions is in fact a prerequisite to circumvent the paging transmissions and the SS Block transmissions to coincide in time. 
However, the intervals between Paging Occasions and the intervals between SS Burst Sets do not necessarily need to be equal. In figure 2 an example is given where the intervals between Paging Occasions are shorter than the intervals between SS Burst Sets.
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Figure 2: Relation between SS Burst Sets and Paging Occasions, example 2.
In Figure 2 the SS Burst Set periodicity is set to 80ms while the intervals between Paging Occasions are only 40ms. The scheduling of the Paging Occasions according to figure 2 is possible, provided that the QCL requirement of pre-sync quality and best beam validity  is fulfilled, which is proposed to be confirmed by RAN4 in [4].
Figure 3 provides another example, where the intervals between Paging Occasions are longer than the SS Burst Set periodicity. In this example the SS Burst Set periodicity is 20ms while the intervals between Paging Occasions are 40ms.
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Figure 3: Relation between SS Burst Sets and Paging Occasions, example 3.
A conclusion of the examples of Paging Occasion scheduling in figure 1, figure 2 and figure 3 is that (assuming Paging Occasions uniformly distributed in time) the interval between two Paging Occasions can be calculated as: 
· an integer N times of the SS Burst Set periodicity, or
· SS Burst Set periodicity divided by M (M=integer > 0).
Similarly, the length of a DRX cycle can be calculated as:
· an integer N times of the SS Burst Set periodicity.
As according to the agreement from the RAN2 adhoc meeting, NR should support the same set of default Paging DRX cycles as defined in LTE. It is not clear if a shorter DRX cycle than 320ms need to be supported in NR. Considering this, it is FFS whether a DRX cycle also can be equal to the SS Burst Set periodicity divided by M (M=integer > 0). 
[bookmark: _Hlk503097447]As an example of a Paging DRX cycle, with an SS Burst Set periodicity of 20ms, a Paging DRX cycle of 320ms corresponds to a cycle of 16 successive SS Burst Sets transmissions.
[bookmark: _Toc503115767][bookmark: _Toc503118649][bookmark: _Toc503118899][bookmark: _Toc503122418][bookmark: _Toc503123738][bookmark: _Toc503391954][bookmark: _Toc503441705][bookmark: _Toc503445423][bookmark: _Hlk503444270][bookmark: _Toc506490427]The length of the Paging DRX cycle is equivalent to N times of the SS Burst Set periodicity. FFS whether a Paging DRX cycle can be shorter than the SS Burst Set periodicity.
In lower carrier frequencies, paging is expected to be transmitted by means of a single omnidirectional or sector beam transmission. In such conditions the paging transmission conditions are likely to be similar to those of LTE. On higher carrier frequencies when multi-beam operation is deployed, a page is transmitted using a set of DL beams within a Paging Occasion. As seems to be a general view among companies, a Paging Occasion is defined as the time during which the UE monitors the PDCCH for a paging DCI, i.e. the paging message sent on PDSCH can be scheduled to a point in time independently of the Paging Occasion.
Each Paging Occasion consists of multiple time slots where the length of a Paging Occasion can be defined as the time period required to monitor an entire beam sweep. [footnoteRef:2] The number of time slots required for paging in a Paging Occasion depends on the number of beams in the beam sweep or optionally, of the number of antenna arrays in the cell, which enables transmission of multiple beams in one time slot.
The length of the Paging Occasion is therefore either derivable from the length of the SS Burst Set duration, or if more flexibility is required, configurable in system information (i.e. independent of the length of the SS Burst Set duration). [2:  A UE that monitors the PDCCH during a multi-beam Paging Occasion, may abort the monitoring, if it receives a PDCCH transmission indicating absence of paging during the Paging Occasion (i.e. absence of DCI addressed to the P-RNTI) or receives a DCI addressed to the P-RNTI with good enough channel quality.] 

[bookmark: _Toc503115768][bookmark: _Toc503118650][bookmark: _Toc503118900][bookmark: _Toc503122419][bookmark: _Toc503123739][bookmark: _Toc503391955][bookmark: _Toc503441706][bookmark: _Toc503445424][bookmark: _Toc506490428]In multi-beam operation, the length of a Paging Occasion can be defined as the time required to monitor an entire beam sweep.
[bookmark: _Hlk506374760]Each Paging Occasion either consists of a single time slot (in lower carrier frequencies) or of multiple time slots (when multi-beam operation is deployed). During its Paging Occasion, the UEs monitors the PDCCH for a paging DCI addressed to the P-RNTI, i.e. a Paging DCI scheduling a paging message on PDSCH or as an alternative, a DCI Paging message on PDCCH [3] without a regular paging message transmitted on PDSCH. A page transmitted in a Paging Occasion as exemplified in figure 1, figure 2 and figure 3 may consist of multiple transmissions, where a different DL beam is used for each transmission. The mapping between each individual DL beam and the time slot in the Paging Occasion can be implicitly known by the UE from the order in which SS Blocks are transmitted.
[bookmark: _Hlk503096917]The number of Paging Occasions per Paging DRX cycle is cell load dependent and should therefore be adaptive to the paging need in each cell. In LTE, the nB parameter specifies the number of Paging Occasions per Paging DRX cycle and is one of the parameters used for calculation of the Paging Frame for each individual UE. As an example, for a Paging DRX cycle consisting of 32 radio frames, the number of Paging Occasion per Paging DRX cycle may vary from one per Paging DRX cycle up to 128 Paging Occasions per Paging DRX cycle.
Also in NR, a parameter similar to – or with a similar purpose as – the LTE nB parameter can be used to determine the number of Paging Occasions per Paging DRX cycle. For example, with an SS Burst Set periodicity of 20ms and a Paging DRX cycle corresponding to 16 successive SS Burst Set transmissions (320ms), an nB-like parameter with a value of T (where T represent the Paging DRX cycle) would imply two coherent Paging Occasions between two successive SS Burst Sets.
As this is just an example, a suitable value range for an NR specific nB parameter need to be further studied.
[bookmark: _Toc503115769][bookmark: _Toc503118651][bookmark: _Toc503118901][bookmark: _Toc503122420][bookmark: _Toc503123740][bookmark: _Toc503391956][bookmark: _Toc503441707][bookmark: _Toc503445425][bookmark: _Toc506490429][bookmark: _GoBack]A parameter with a similar purpose as the LTE nB parameter can be used to determine the number of Paging Occasions per Paging DRX cycle in an NR cell.
As in LTE, the UEs should be uniformly distributed among the Paging Occasions in a Paging DRX cycle. In LTE, the UE distribution is based on the number of Paging Frames in the Paging DRX cycle, in NR the distribution could simply be based on the number of Paging Occasions in the configured Paging DRX cycle.
[bookmark: _Toc503115770][bookmark: _Toc503118652][bookmark: _Toc503118902][bookmark: _Toc503122421][bookmark: _Toc503123741][bookmark: _Toc503391957][bookmark: _Toc503441708][bookmark: _Toc503445426][bookmark: _Toc506490430]UEs are uniformly distributed to Paging Occasions in the Paging DRX cycle.
Conclusion
Based on the discussion in this paper we propose the following:
Proposal 1	Request RAN4 for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions. A draft LS to RAN4 is provided in R2-1802342 [4].
Proposal 2	The length of the Paging DRX cycle is equivalent to N times of the SS Burst Set periodicity. FFS whether a Paging DRX cycle can be shorter than the SS Burst Set periodicity.
Proposal 3	In multi-beam operation, the length of a Paging Occasion can be defined as the time required to monitor an entire beam sweep.
Proposal 4	A parameter with a similar purpose as the LTE nB parameter can be used to determine the number of Paging Occasions per Paging DRX cycle in an NR cell.
Proposal 5	UEs are uniformly distributed to Paging Occasions in the Paging DRX cycle.
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t = minimum time between the last SS Block location and the first Paging Occasion




image2.png
40 ms | 40 ms i
>< >

80 Time (ms)

|

O b
—

—~+

[ ] sSBurstSet I Paging Occasion




