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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. 

RAN2#AH1807 has made further agreements for the non-default association case which were incorporated in the TS38.304 CR [1] and also conveyed to RAN1 for feedback [2].

In this contribution, we further discuss PO calculation for non-default association to improve system performance.
2. Discussion
RAN2#AH1807 has made the following agreements to correct and clarify the configuration for non-default association of paging:

Agreements:

0
Define a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols.
1
For non-default association, one PO comprises of ‘N’ useful paging PDCCH monitoring occasion where ‘N’ is equal to number of actual transmitted SSBs.  RAN2 understanding is that the Kth monitoring occasion in the PO is corresponded to the Kth transmitted SSB.

2
For non-default association, (i_s + 1)th PO is a set of N consecutive useful paging PDCCH monitoring occasions for paging starting from the (i_s * N)th PDCCH monitoring occasion. The useful paging PDCCH monitoring occasions starting from 1st useful paging PDCCH monitoring occasion for paging in the paging frame are sequentially numbered from zero. FFS the necessity to introduce additional parameter to indicate the first PDCCH monitoring occasion of each PO in a PF.
3
Support to configure Ns and N value instead of nB.

One of the motivations for the above agreements was to improve the UE power efficiency of paging whereby the UE only monitors the paging instance corresponding to its selected beam. This of course needs to be confirmed by RAN1 who might introduce some changes but the main framework of one PO corresponding to one beam sweep which is composed of transmissions of each beam in time order can be expected to remain same.
Another power impact for paging reception is the time between the reference signal and the paging transmission during which the UE will have to wait. In LTE, there is no such wait time since the reference signals are sent at the same time with the transmission. However, NR SS are transmitted periodically while the paging times are determined according to the paging search space configuration. The SSB periodicity could be 5ms, 10ms, 20ms, 40ms, 80ms, or 160ms and signaled in SIB1.
For default association, POs start right after SSB at the same time location with RMSI as specified in TS 38.213. For non-default association, the starting time depends on the search space configuration where paging-SearchSpace defines where to search for PDCCH candidates and each search space is associated with one ControlResourceSet.”.
In the current running 38.331, the timing for the paging search space are controlled by three parameters: periodicity, offset, and duration. The candidate PDCCH locations start at the specified offset from the points which are multiples of the specified periodicity and last for the specified duration. 

The main issue here is that paging search space and SSB can be configured completely independently. Thus, it is possible that POs based on the paging search space can be very far from SSB locations. This will impact both the reception and UE power efficiency since the UE has to stay awake between SSB and PO duration and the beam conditions can change during this time. Therefore, it is essential that the PO locations should be placed as close to SSB as possible. 
Similar observations were stated in earlier papers, for example in [3]. Another contribution [4] observed that transmitting all paging messages in a compact time as opposed to distributing uniformly over time will improve base station power consumption by allowing to sleep between such events and proposed to “Consider after completing basic paging princples to enable gNB power saving by having multiple paging occasions to be mapped close (in time) to SSB/RMSI occasions. “

In fact, the RAN2 agreement in RAN2#NR-AH1807 to allow configuring N and Ns directly and thus to allow clustering of PO locations together was motivated by the ideas in [3] and [4]. This was the right step in the right direction. The next step should consider also clustering them around SSB locations.

Observation 1: Configuring PO locations far from SSB will degrade UE power and reception efficiency as well as gNB power.
The straightforward way to configure paging search space for this goal is to start them after SSB. However, since SIB1 is also transmitted at these locations for pattern 1, it is better to start the PO right after SIB1 since FDM between paging and SIB1 may not be possible for sub-6Ghz. Th condition to start after SIB1 will also be applicable to pattern 2 and 3 since SIB1 is transmitted FDM’ed with SSB.
Proposal: For non-default association, the first PO (i_s = 0) always starts at the first slot after SIB1 transmission at SSB periodicities.
3. Conclusion
In this contribution, we further discussed paging configuration for non-default association and propose the following:
Observation 1: Configuring PO locations far from SSB will degrade UE power and reception efficiency as well as gNB power.
Proposal: For non-default association, the first PO (i_s = 0) always starts at the first slot after SIB1 transmission at SSB periodicities.
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