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1 Introduction

The following agreements were taken at the NR ad hoc of January 2017:

Agreements

1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 

2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 

3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.

4: The number of paging occasions in the DRX cycle is configurable and provided in system information.

5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.

6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)

7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).

8: The number of time slots in a paging occasion is provided in system information.

Subsequent agreements have advanced the paging design, e.g. in terms of the DRX cycles and the relation between RAN and CN paging, but the actual definition of paging occasions has seen little discussion.  This document makes some proposals towards determining how the paging occasions are to be calculated and assigned.

This analysis depends on RAN1 decisions about the structure of paging, many of which have yet to be taken.

2 Discussion
The suggestion of [1] is to have POs evenly distributed throughout the DRX cycle, irrespective of the frame structure, i.e. the POs would not necessarily occur at the same subframes of every frame.  And the length of a paging occasion under this proposal would be constrained to divide the length of the DRX cycle.  This leads to a cleaner computation of paging occasions compared to LTE, but it could have inconvenient consequences, for example in case certain subframes of the frame need to be treated as reserved, like the MBSFN subframe reservation in LTE Rel-8.  It also does not take account of the possibility that not every frame supports paging, e.g. if paging messages are frequency multiplexed with the SS transmission occasions as has been considered in RAN1.
An arrangement based on concatenating POs together obviously makes every subframe considered as a paging subframe.  Even if the actual POs are spaced apart, however, their spacing may not resonate with the frame length; for example, Figure 1 shows the distribution of 10 paging occasions each 2 subframes long, in a 40-subframe DRX cycle, assuming one PO accommodates the whole periodicity of beam sweeping (in HF) as proposed in [2].
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Figure 1: Paging subframes with 10 POs in a 40-subframe DRX cycle

Here every subframe appears as a paging subframe in some frame; it becomes impossible to have any per-frame structure that “dodges” the paging subframes.
Observation 1: In a scheme with evenly distributed paging occasions across the DRX cycle, even when the number of POs divides the length of the DRX cycle, the paging subframes can be inconsistent from frame to frame.
Assuming we keep the traditional “powers of 2” structure for the DRX cycle, this general problem will occur whenever the number of POs is not a multiple (or divisor) of the number of frames in the DRX cycle; the underlying problem is that 10 is not a power of 2, which is difficult for 3GPP to change.  However, as proposed elsewhere ([2]), the DRX cycle could be defined relative to the beam sweeping period, and RAN1 would need to clarify how this relates to the timing of frame boundaries.
Proposal 0: Discuss whether the subframes in which paging occasions start should be or can be consistent from frame to frame.

As noted above, there is some possibility that not every frame supports paging, e.g. if paging is sent together with the SS bursts in a single round of beam sweeping. Depending on the number of different (set of) beams each slot can accommodate, number of slots per PO or number of beams per PO, we may or may not really need so many POs or paging subframes in each paging cycle. 
Observation 2: It is possible that paging would be supported only in a subset of frames.
Considering this observation, as well as the possible desire to maintain consistent paging subframes within the frame, we suggest retaining the paging frame concept from LTE.  In case of longer paging occasions that could span a frame boundary (i.e. in high frequency cases with long beam sweeping periods), the corresponding paging frame would be the frame in which the PO starts. It would be better to avoid mixing the complexity of defining and harmonizing PO, slots, and beam sweeping pattern all together.
Proposal 1: Keep the paging frame concept from LTE, and define paging occasions relative to the frame.
If the paging frame concept is maintained, it should be straightforward to reuse from LTE the basic idea of the PF calculation.
Proposal 2: The UE hashes to a PF based on the number of paging frames in the paging DRX cycle (similar formula to LTE).

At least for the low frequency omnidirectional case, it seems reasonable to expect a 1-subframe PO with no need to support beam sweeping or repetition.  In this case the approach of LTE could be kept, to further divide the paging groups with multiple POs per frame (note that this could be infeasible if the paging occasions are very long in beamforming cases, however).  We suggest that the LTE maximum of 4 POs per frame is still an appropriate upper bound.
Proposal 3: Within the frame, there can be starting locations for up to 4 POs.

Of course, in extreme cases of beam sweeping where the PO might approach or even exceed the frame length, there could only be one PO starting in a frame. Multiple POs per frame makes the most sense in low frequency cases without beam sweeping.

Since the PO may potentially be longer than a subframe to allow for beam sweeping or repetition, it would be better to avoid the situation that arises in LTE where paging subframes are adjacent (9 and 0, 4 and 5).  Rather we suggest that the paging occasions should begin on subframes that are evenly spaced, to the extent possible (as sometimes equal spacing is not possible, e.g., with 4 subframes since 4 does not divide 10).
Proposal 4: The PO locations’ starting subframes are fixed at subframes as close as possible to evenly spaced within the frame.  The details depend on RAN1 conclusions about the structure of paging.
3 Conclusion
This document raises the following proposals:

Proposal 0: Discuss whether the subframes in which paging occasions start should be or can be consistent from frame to frame.

Proposal 1: Keep the paging frame concept from LTE, and define paging occasions relative to the frame.
Proposal 2: The UE hashes to a PF based on the number of paging frames in the paging DRX cycle (similar formula to LTE).

Proposal 3: Within the frame, there can be starting locations for up to 4 POs.

Proposal 4: The PO locations’ starting subframes are fixed at subframes as close as possible to evenly spaced within the frame.  The details depend on RAN1 conclusions about the structure of paging.

4 References

[1] R2-1706538, “PO Determination for Paging Reception”, Samsung, RAN2 ad hoc June 2017
[2] R2-17xxxxx, “Paging mechanism with beam sweeping”, Huawei/HiSilicon, RAN2#99


1/4


0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
Frame 0
Frame 1
Frame 2
Frame 3
PO 0
PO 1
...
PO 9
...
DRX cycle = 40 subframes



