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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 only limited discussion.  An offline discussion during RAN#99bis concluded that the PO defines “a number of slots where the UE has to monitor the PDCCH”, but did not attempt to resolve the question of how the POs are actually determined.  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, some of which have yet to be taken.  This document attempts to progress the paging design as much as possible within RAN2 scope, taking into account the available RAN1 conclusions (e.g. [3]).
2 Discussion
Distribution of POs across frames

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, they could occur only in the frames that contain the SS blocks, and if paging transmissions have a separate round of beam sweeping, their occurrence might be constrained by the beam sweeping pattern.
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 1: 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, or similar fixed relationship between the beam sweeping patterns for SS and paging. 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.  
Proposal 2: 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 3: The UE hashes to a PF based on the number of paging frames in the paging DRX cycle (similar formula to LTE).

Offset for PF calculation

In LTE, two parameters are configured to calculation the PFs, the first is DRX periodicity T whose values are 32, 64, 128, 256 system radio frames; and the second parameter is PO number nB in a DRX periodicity whose values are 4T, 2T, T, T/2, T/4, T/8, T/16, T/32. The paging frame can be calculated based on the SFN mod T= (T div N)*(UE_ID mod N) where N is N= min(T,nB).  Every (T div N)th frame is a paging frame for some UE.
When nB>=T or paging message is TDMed with SS block, the LTE method of paging frame calculation can be used to NR. However, When nB<T and paging message is FDMed with SS block, there are three cases to be considered, as shown in Figure 2. For case (a), in a DRX periodicity, the PF number equals to the SS burst set number in a DRX cycle. For case (b), in a DRX periodicity, the PF number is larger than the SS burst set number in a DRX cycle. For case (c), in a DRX periodicity, the PF number is smaller than the SS burst set number in a DRX cycle.  (Note that case (b) implies that not all pages can actually be FDMed with SS blocks.)
The red frames in the figure 2 are the paging frames calculated based on the LTE methods. Furthermore, for SS burst set, it may appears in any one frame in a SS burst set periodicity which is one of 5ms, 10ms, 20ms, 40ms, 80ms,160ms. This figure gives the TDMed cases to show that based on LTE methods, SS block frame and paging frame may not be the same frame and we cannot limit the frames of SS burst set because of paging information. The SS burst set location has higher priority.

To make the paging CORESET multiplex with SS block in FDM manner, an offset needs to be introduced to calculate the actual PF location which is based on the frame index of SS burst set in a SS burst set periodicity. One of calculation formula for Paging frames FDMed with SS block is (SFN - offset) mod T= (T div N)*(UE_ID mod N), such as offset=3 for 4th system radio frame of 40ms SS burst set periodicity as shown in figure 3(a) since frames of SS burst set value in a burst set periodicity is 3, and offset=1 for 2nd system radio frame of 20ms SS burst set periodicity as shown in figure 3(c) since frames of SS burst set value in a burst set periodicity is 1.
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Figure 2: Relationship of paging frame and SS frame

[image: image3.emf]SS/PF1 SS/PF2 SS/PF3

PF0

SS/PF1

PF2

SS/PF3

PF4

SS/PF5

SS/PF1

SS

SS/PF2

SS

SS/PF3

SS

(a)

(b)

(c)

SS/PF

FDM frames of 

SS and PF

Reserved frame

SS frame

PF

Paging frame

SS


Figure 3: After applying offset to paging frame
Proposal 4: An offset should be introduced to calculation for actual PF location when paging message is FDMed with SS block.
In general, the offset can be calculated based on the values of (T div N), the SS paging block period S, and the SFN K that contains the first SS block after SFN=0.  With no offset, SFN 0 is always a paging frame; the objective is to align the paging frames with the SS frames, so the offset is exactly K, provided that S <= (T div N) (i.e. there are at least as many SS frames as paging frames: cases (a) and (c) above).  If S > (T div N), the offset is S-K as seen in case (b) above.  In principle, this calculation could be done by the UE based on an indication that the cell applies FDM to SS blocks and paging; however, it may be more straightforward to signal the offset directly.

Proposal 5: The offset is signalled in SIB1.
Paging occasions

At least for the low frequency omnidirectional case, it seems reasonable to expect a 1-slot 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.  For beam sweeping cases with longer paging occasions to accommodate the sweeping pattern, multiple POs could require multiple rounds of beam sweeping; it depends on the RAN1 decision if this would be supported.  If so, it becomes possible that the paging frame would be longer than a single radio frame.
Proposal 6: The paging frame can contain multiple paging occasions.

To facilitate even distribution of the paging, it is reasonable to space the paging occasions evenly when they are time-multiplexed within the frame (see section 2.4 for the case of frequency multiplexing).

Proposal 7: The starting slot locations of the POs are predefined in the spec, with the principle that the time locations of the TDMed POs in one paging frame equally divide the frame.
At the ad-hoc of September 2017, RAN1 concluded that the paging message is scheduled by sending paging DCI followed by paging message (not necessarily consecutive).  The possibility is still open of also having a paging group indicator, which in one option would trigger UE feedback. ([3], [4])
The relationship of this structure to paging occasions is FFS and may be more in RAN2 scope to resolve.  Two options could be considered:

1. The paging occasion covers the time in which the paging DCI can be transmitted; the corresponding NR-PDSCH may fall outside the paging occasion.

2. The paging occasion covers the time in which the paging DCI + paging message can be transmitted.

This may be primarily a matter of terminology.  The purpose of the paging occasion is to determine when the UE will wake up to monitor paging, and for this purpose it is enough to know when the DCI comes; the NR-PDSCH may cause additional active time, but this can be inferred from the DCI itself, not from the PO structure.  So it could be sufficient to have the PO defined by the DCI.  This is compatible with the majority view expressed in the offline discussion at RAN2#99bis ([5]).
Proposal 8: The PO is defined by the period in which the paging DCI can be sent, i.e. the paging message on NR-PDSCH need not be delivered within the same PO as the corresponding DCI.
It follows from Proposal 8 that the PO duration is the same as the duration of the beam sweeping pattern for the paging DCI.  In our understanding, the paging DCI needs essentially the same beam sweeping structure as the SS blocks, based on the RAN1 agreement on QCL of the paging DCI with the SS blocks.  This suggests two basic cases that could be encompassed by different configurations of the paging channel:

· The paging DCI is sent by FDM with the SS blocks, and they use the same beam sweeping pattern.

· The paging DCI is sent by TDM with the SS blocks, and the beam sweeping pattern is repeated: once for the SS burst, once for paging DCI.  The length of the beam sweeping period for paging is not necessarily the same as for the SS blocks, but they should be related based on the comparative time duration of SS burst set and one paging transmission.
In either case, the needed beam sweeping time for paging (i.e. the PO length) is a function of the beam sweeping time for SS bursts.  The difference is in the configuration of paging DCI which could be either fixed (e.g. in a location associated with the SS block) or signalled in system information.
Proposal 9: The PO length can be derived from the SS block number in an SS burst set.In case the paging DCI is sent by beam sweeping and TDMed with the SS blocks, it needs to be determined when it is actually sent in association with the SS blocks.  The paging transmission could require 1 or 2 slots depending on RAN1 conclusions about the contents; we suggest that the network should be able to configure the location of the paging slots relative to the SS blocks.

Proposal 10: The network can configure 1 or 2 consecutive slots associated with an SS block for paging TDMed with the SS block.
TDM and FDM of paging occasions

In LTE, paging occasions are purely TDMed.  In NR this may not be possible for all cases, due to the needed length of paging occasions to accommodate beam sweeping.  For example, a gNB operating 8 beams with subcarrier spacing 15 KHz requires 8 slots for one PO duration (to sweep through all the beams, assuming each paging transmission takes one slot), and there are only 10 slots per frame.  Thus it becomes impossible to have more than one PO per frame if we use the LTE approach of strict TDM.  However, multiple paging occasions are still needed to maintain the paging capacity without inflating the false alarm rate (as concentrating more UEs in a paging occasion would do).

To resolve this problem, we suggest that paging occasions could be allowed to be FDMed as shown in Figure 4 below.
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Figure 4: FDM of paging occasions

The figure shows a gNB with four beams, configured for four paging occasions and needing to beam-sweep its paging transmission, with 10 slots per frame.  Each paging occasion takes four slots to transmit through the full beam-sweeping pattern; it is possible to TDM two paging occasions within the frame (e.g. PO1 and PO2), but the rest must be FDMed (PO3 and PO4).

Proposal 11: The gNB can configure FDMed paging occasions to accommodate the beam sweeping pattern and frame length.
3 Conclusion
This document raises the following proposals:

[To be updated when the proposals are finalised]
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