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Introduction
The outline of the NR paging design has progressed well during the last RAN2 meetings, resulting in several agreements in which the following are perhaps the most important:
· Idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline. Thus, the maximum idle/inactive mode DRX value in NR should be 2.56s.
· The length of one PO in case of beam sweeping is one period of beam sweeping. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.
· The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
· The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH).
· PO can be TDMed or FDMed with an SS block.
· Paging messages include the full UE ID as in LTE (although the use of truncated UE IDs is FFS).
· Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID.
Although the NR paging design has progressed well, there are still some uncertainties on the fundamentals of the paging design, e.g. how to interpret the RAN1 agreement on the association between SSB and monitoring window of PDCCH, which was obvious from the email discussion on PO/PF calculation.
[bookmark: _Hlk506486555]This contribution continues the NR paging discussion, in particular how Paging Occasions can be distributed in time and frequency in the NR cell. 
We also urge the need to clarify the timing requirements on Paging Occasions in relation to SS Block transmissions. For this reason, a draft LS to RAN4 is proposed and provided in [1].
[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 mechanisms 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 (although the support of a group paging approach is not in the scope of Release-15 any longer). However, irrespective which paging approach is deployed in NR, the UE need to monitor its Paging Occasion given by a set of rules known by the network and by the UE itself. This paper aims at discussing the Paging Occasion distribution in an NR cell.
[bookmark: _Hlk509925931][bookmark: _Hlk506486721]In the RAN1 paging discussions, it has been suggested (although not agreed) 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: _Hlk510689427]However, given the fact that a UE can assume a maximum SS Burst Set periodicity of 20ms when accessing a cell in a stand-alone NR deployment (although the 3GPP specifications do not restrict the use of higher periodicities in certain cases), the location of the Paging Occasion in relation to the SS Block is likely not an issue for pre-sync quality and best beam validity. This implies that there are no restrictions as to how Paging Occasions can be placed in relation to SS Blocks, which means that the Paging Occasions can be uniformly distributed in time over the paging DRX cycle with the effect of a more consistent paging load over time.
This also gives the opportunity to reuse the LTE Paging Occasion algorithm (calculate Paging Frames within a DRX cycle and locations of Paging Occasion(s) within each Paging Frame) without any major modifications.
[bookmark: _Toc510608585][bookmark: _Toc510609909][bookmark: _Toc510610102][bookmark: _Toc510610424][bookmark: _Toc510610505][bookmark: _Toc510611168][bookmark: _Toc510712136][bookmark: _Toc513709722][bookmark: _Toc513733685]Paging Occasions are distributed uniformly over the Paging DRX cycle.
Nevertheless, 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 finalize a future proof algorithm for Paging Occasion calculation in NR. Even if the SS Burst Set is expected to be sent at least every 20ms as discussed above, there seems to be no restriction on deploying longer SS Burst Set periodicities (e.g. up to 160ms) while paging is allowed in the cell.
For that reason, we urge the need to send an LS to RAN4, requesting for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions (e.g. SS Burst Sets).
A draft LS to RAN4 is provided in R2-1806808 [1].
[bookmark: _Toc510610506][bookmark: _Toc510611169][bookmark: _Toc510712137][bookmark: _Toc513709723][bookmark: _Hlk510610451][bookmark: _Toc513733686]Request RAN4 for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions.
As per the RAN2 agreements, there may be multiple Paging Occasions per DRX cycle to which UEs can be distributed whereas each UE only monitors one Paging Occasion per DRX cycle. Figure 1 below shows an example how Paging Frames/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 Burst Set and the Paging Frame/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.
In the above example 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 during one Paging Occasion (this follows the RAN1 QCL agreement). 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.
[bookmark: _GoBack]However, the intervals between Paging Occasions and the intervals between SS Burst Sets do not necessarily need to be equal. Figure 2 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 still 20ms while the intervals between Paging Occasions are 40ms.
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Figure 2: Relation between SS Burst Sets and Paging Occasions, example 2.
The two examples illustrate an observation that follows from the fact that a DRX cycle is a multiple of the SS Burst Set period (which follows from the specified SS Burst Set periods and the DRX cycle lengths agreed in RAN2), namely that a certain UE's Paging Occasion always has the same timing relation to an SS Burst Set.
Consequently, the length of a Paging DRX cycle can be calculated as:
· an integer N times of the SS Burst Set periodicity.
[bookmark: _Toc510608586][bookmark: _Toc510609910][bookmark: _Toc510610103][bookmark: _Toc510610425][bookmark: _Toc510610507][bookmark: _Toc510611170][bookmark: _Toc510712138][bookmark: _Toc503115767][bookmark: _Toc503118649][bookmark: _Toc503118899][bookmark: _Toc503122418][bookmark: _Toc503123738][bookmark: _Toc503391954][bookmark: _Toc503441705][bookmark: _Toc503445423][bookmark: _Toc506490427][bookmark: _Hlk503444270]The length of the Paging DRX cycle is equivalent to N times of the SS Burst Set periodicity.
In the two examples above, the Paging Occasions always follow the transmission of an SS Burst Set, i.e. they illustrate scenarios where the inter-Paging Occasion interval is identical to, or an integer multiple of, the SS Burst Set periodicity. However, if the Paging Occasion algorithm from LTE is reused without any modifications, which implicitly means that any frame can be configured as a Paging Frame, the algorithm could place the Paging Occasion at the same time as when the SS Block is transmitted, i.e. the Paging Occasion and the SS Burst Set will coincide in time. This calls for a solution where the Paging Occasion is either moved in time to another position after the SS Burst Set, or the Paging Occasion is frequency multiplexed with the SS Burst Set, i.e. the PDCCH transmissions are frequency multiplexed with SS Block transmissions.
Reusing the LTE Paging Occasion algorithm in NR without any modifications implies that some Paging Occasions will be located at the same time as the SS Burst Set is transmitted.
Moving the Paging Occasion in time to another position after the SS Block is possible even if it requires a modification to the Paging Occasion algorithm. As an alternative to this, a rule can be defined in the specification(s) describing how and where to move the Paging Occasion after the SS Burst Set (which in practice could be in another beam sweep). An FDM solution, on the other hand, is more resource efficient as it does not require an additional round of beam sweep at the same time as it minimize the time the UE has to stay awake. With an FDM solution there is also no need to change the Paging Occasion algorithm or to define new rules in the specs.
[bookmark: _Hlk510717173][bookmark: _Hlk513648337][bookmark: _Hlk513648230]An FDM solution should also work even if e.g. the bandwidth of the frequency multiplexed Paging transmission and the SS Block exceeds the bandwidth capability of the UE since the UE can potentially choose to read the SS Block in the preceding SS Burst Set while still maintaining pre-sync quality and best beam validity. But again, this is likely depending on the SS Burst Set periodicity as discussed above.
[bookmark: _Toc510608587][bookmark: _Toc510609911][bookmark: _Toc510610104][bookmark: _Toc510610426][bookmark: _Toc510610508][bookmark: _Toc510611171][bookmark: _Toc510712139][bookmark: _Toc513709724][bookmark: _Toc513733687]If the algorithm places a Paging Occasion at the time when the SS Burst Set is transmitted, the SS Burst Set and the Paging Occasion may be frequency multiplexed.
There could also be scenarios where the network, e.g. for resource efficiency purposes or for minimizing the time the UE has to stay awake, wants to move a Paging Occasion that is placed after the SS Burst Set by the Paging Occasion algorithm, to the same position in time where the SS Burst Set is transmitted. For this purpose, an offset would allow the network to move the Paging Occasion in time so that it coincide with the SS Burst Set.
Possibly an offset can also be motivated for moving a Paging Occasion in time to another position after the SS Burst Set, if it coincide with the SS Burst Set. Even if the UE potentially could choose to read the SS Block in the preceding SS Burst Set, as discussed above, moving the Paging Occasion in time could be desired from a UE perspective since it could simplify the SS Block/Paging reception process in the UE.
Hence, since UEs may have different requirements that affects the ability of reading a Paging Occasion, two different offsets could be defined. One offset to be used by the UEs which cannot receive the SS Block and a Paging transmission simultaneously, and another offset to be used for shifting the Paging Occasion in time so that it coincides with the SS Block transmission.
The type of UEs that apply this rule should be defined based on UE capabilities.
[bookmark: _Toc513709725][bookmark: _Toc513733688]One or two offsets can be defined by which the network can shift the Paging Occasions to either coincide with an SS Burst Set or to avoid overlap with an SS Burst Set.
As according to one of the agreements from the RAN2#101 meeting, 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, e.g. in a subsequent beam sweep.
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) 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. [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.] 

In LTE, the number of Paging Occasions per Paging Frame is configurable as according to a subframe pattern in TS 36.304. A similar subframe pattern is needed also for NR, although the LTE algorithm for allocating Paging Occasions within a Paging Frame cannot be readily reused. For instance, when a Paging Frame coincides with a frame containing an SS Burst Set, the Paging Occasion in the Paging Frame should coincide with the SS Burst Set, i.e. the location of this Paging Occasion should be given by the position of the SS Burst Set.
[bookmark: _Toc510608588][bookmark: _Toc510609912][bookmark: _Toc510610105][bookmark: _Toc510610427][bookmark: _Toc510610509][bookmark: _Toc510611172][bookmark: _Toc510712140][bookmark: _Toc513709726][bookmark: _Toc513733689]A Paging Frame can include multiple Paging Occasions. A similar subframe pattern as defined in TS 36.304 also need to be agreed for NR.
However, in multi-beam operation with longer beam sweeping periods, multiple Paging Occasions could require multiple rounds of beam sweeping. In such scenarios the number of Paging Occasions that could be time-multiplexed within a single Paging Frame could be limited. For instance, if the beam-sweeping period is longer than 2.5ms, then the number of time multiplexed Paging Occasions per Paging Frame must be less than four.
In order to increase the paging capacity (to the level of LTE) and to reduce the number of beam sweeps for transmission of Paging Occasions, frequency multiplexing of two Paging Occasions (or even two pairs of Paging Occasions) in a Paging Frame should be considered, at least in cases where time domain distribution does not result in enough Paging Occasion/paging capacity.
[bookmark: _Toc510608589][bookmark: _Toc510609913][bookmark: _Toc510610106][bookmark: _Toc510610428][bookmark: _Toc510610510][bookmark: _Toc510611173][bookmark: _Toc510712141][bookmark: _Toc513709727][bookmark: _Toc513733690]To increase paging capacity in the cell, the gNB has the option to frequency multiplex two or more Paging Occasions in a Paging Frame.
Conclusion
Based on the discussion in this paper we observe and propose the following:
1. The length of the Paging DRX cycle is equivalent to N times of the SS Burst Set periodicity.
1. Reusing the LTE Paging Occasion algorithm in NR without any modifications implies that some Paging Occasions will be located at the same time as the SS Burst Set is transmitted.

Proposal 1	Paging Occasions are distributed uniformly over the Paging DRX cycle.
Proposal 2	Request RAN4 for applicable timing requirements of the placement of Paging Occasions in relation to SS Block transmissions.
Proposal 3	If the algorithm places a Paging Occasion at the time when the SS Burst Set is transmitted, the SS Burst Set and the Paging Occasion may be frequency multiplexed.
Proposal 4	One or two offsets can be defined by which the network can shift the Paging Occasions to either coincide with an SS Burst Set or to avoid overlap with an SS Burst Set.
Proposal 5	A Paging Frame can include multiple Paging Occasions. A similar subframe pattern as defined in TS 36.304 also need to be agreed for NR.
Proposal 6	To increase paging capacity in the cell, the gNB has the option to frequency multiplex two or more Paging Occasions in a Paging Frame.
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