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Introduction
In the last NR AdHoc meeting (January 2018, Vancouver), RAN1 decided to left the actual paging occasion (PO) configuration/design to RAN2 [1].
Agreement
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. 
	o It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
In RAN2#101, the following agreements have been made regarding paging for IDLE/INACTIVE UEs [2]: 
Agreements
The length of one PO in case of beam sweeping is one period of beam sweeping 
The UE can assume that the same paging message is repeated in all beams of the sweeping pattern
PO can be TDMed or FDMed with an SS block

Thus, RAN2 is responsible for defining where the paging configuration is provided and how to configure the paging occasion taking into account the beam-sweeping operation of NR as well as several other potentially paging-affecting configurations. As discussed in previous meetings, paging-related principles used in LTE should be preserved as much as possible, while paging capacity should not be smaller than LTE. In this paper, we would like to discuss several paging occasion allocation strategies fulfilling the previous requirements.
 
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
The overall paging design and operation comprises two major, yet connected, problems: 
1. PO structure design. This is about determining the length and composition of each individual paging occasion. In LTE, the notion of PO refers to both paging frame and subframe in which a given UE has to monitor paging Downlink Control Information (DCI). In previous meeting, the PO has been agreed to be composed of one or more slots which duration is such that a complete beam sweeping of paging signals can be allocated. Indeed, each PO must contain one CORESET associated (and quasi-colocated) to each SSB. Thus, with a variable number of beams in a cell, the length of PO is also variable and would depend on the maximum number of Synchronization Blocks (SSBs), i.e., the parameter L which in turn depends on the numerology, or the number of actually transmitted SSBs, let’s say a variable L’ ≤ L. In addition, for a given L, it is also possible to take several approaches. For instance, a certain L-specific length allowing blanks within the PO in time-positions where SSBs are not transmitted or using a length that directly depends on the number of actually transmitted SSBs (L’). In any case, variable length based PO needs to be considered in NR, and hence, the next problem, that of allocation of POs must take this factor into consideration.   
2. PO allocation. This is about the allocation of the different POs within the system’s paging cycle. In LTE, system’s paging cycle is indicated as system information and it is assumed as default by UEs unless UE-specific configuration (UE-specific DRX cycle) is provided. Then, UEs are distributed among the different POs by means of mod-type operations, while the number of POs depends on the paging-load and can be modified. The same principles apply to NR, however, there are some important differences. Paging CORESET has been agreed to reuse the same configuration as RMSI CORESET, which means that paging CORESETS at least for RRC_IDLE are transmitted within the initial active downlink bandwidth part (IAD_BP). This bandwidth part may or may not overlap with the bandwidth in which SSBs are transmitted, and hence, collisions between CORESETs and SSBs (and among different CORESETs) must be avoided. All in all, the PO allocation strategy should be flexible enough to be applied and adapted to the several other cell-specific configurations, such as the SSB-CORESET multiplexing pattern (pattern 1, 2, or 3, see [3]), or SSB periodicity. 
Observation 1: The length of the PO needs to be variable in NR. 
Observation 2: PO allocation needs to consider other cell-specific configurations such as SSB periodicity and SSB-CORESETs multiplexing pattern. 
Moreover, paging capacity should be adjustable, and similarly to LTE, the basic paging configuration of the cell should be indicated as system information, while the UEs would be evenly distributed among the different POs of the paging cycle. Hence, the number of POs per paging cycle should be indicated by the gNB as system information in order to allow paging load adaptation. This parameters can be similar to nB in LTE.
As mentioned earlier, since resource allocation in NR is very flexible with several configuration potentially affecting the paging operation, the adopted strategy must also be flexible. One way to achieve this is to consider predefined time-domain patterns to place the required number of POs, having the system’s paging cycle as reference or boundary. 
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Figure 1. Examples of PO allocation strategies using the system’s paging cycle as time reference.
Figure 1 shows two examples where it is illustrated the previous consideration. In both examples 32 POs are allocated within the system’s paging cycle following different predefined time-domain patterns. The configuration of these patterns can be made taking into account other cell specific configurations, such as SSB periodicity and/or the multiplexing pattern as well as several predefined rules to deal with the collisions. For instance, in the example above (multiplexing pattern 1, see [3]) a set of candidate locations can be predefined and the gNB broadcasts (as system information) the required configuration, e.g., the offset of the first candidate position with respect to the paging cycle, the inter-candidate-PO-distance, and the positions in which paging DCIs are (if needed) transmitted, i.e., active locations to be monitored. In case of the second example (multiplexing pattern 2/3), one possibility is to allocate the required number of POs uniformly distributed within the paging cycle. It should be noted that both strategies (set of candidate locations or uniform allocation) could be applied to each multiplexing pattern provided that some basic rules for collision avoidance are also predefined. In this sense, by properly selecting the configuration of the pattern, aspects such as PO length can be considered, being the (internal) structure of the PO (and other details such as the SSB-to-CORESET association) transparent to the PO allocation scheme.
Proposal 1: The gNB indicates as system information a predefined time-domain pattern and its configuration for receiving paging occasion within a paging cycle. 
Using predefined time-domain patterns provides flexibility to the gNB to place the POs. UEs can determine the target PO within the paging cycle from the knowledge of the number of PO that have been configured by the gNB and some basic modulo-like operation, as in LTE. 
The use of predefined time-domain patterns is also compatible with the use of UE-specific DRX cycles, and requires no additional behavior than the existing in LTE, as illustrated in Figure 2. 
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Figure 2. Representation of the LTE-like paging operation for NR.
As it can be seen in Figure 2, the paging configuration is indicated as system information for UEs camping in the cell. This would comprise the type of pattern to be used and its corresponding configuration. In case of UE-specific configuration, such as UE-specific DRX cycle, higher layer signaling can be used. Similarly, changes in the paging configuration of the cell (adjusting or changing the allocation strategy) can be indicated as system information updates, as it is currently done in LTE. 
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[bookmark: _Toc461106288]Conclusion
In this paper, PO allocation strategies have been discussed. Based on the discussion, observations, and requirements established for this problem, RAN2 is kindly asked to consider and approve the following proposal:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: The gNB indicates as system information a predefined time-domain pattern and its configuration for receiving paging occasion within a paging cycle. 
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