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1. Introduction 
In the previous RAN1 NB-IoT Ad-Hoc#2 [1], we agreed that:

· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations

· Starting subframe of paging CSS is determined by (PF, PO)

· Starting subframe of paging CSS is further determined by the following: 

· Use the existing PO paging subframe pattern 

· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS. 

· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS 

· Valid DL subframe above refers to subframes NOT occupied by NPBCH, NPSS, NSSS and NSIB1 and not indicated as invalid in SIB1
· FFS whether and how subframes can be indicated as invalid 

· Note that this definition of valid is specific for the context of this agreement. 
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces

· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

This contribution discusses some further considerations on paging transmission.
2. Discussion
2.1 CSS Overlapping Associated Paging Occasion

It was agreed that the LTE paging mechanism is reused in NB-IoT where each UE monitors for paging during its paging occasion (PO) and the common search space (CSS) for paging starts at the UE’s paging occasion.  It was also agreed that the maximum repetition Rmax of NB-PDCCH search space can be up to 2048 [2].  Since the paging occasion cycle is 320, 640, 1280 or 2560 ms, it is possible that the NB-PDCCH search space that starts in a PO overlaps the same PO that is associated with this CSS, at a later time as shown in Figure 1.  Here, a PO starting at time t1, has a cycle (DRX period) of TPO ms (where the next PO occurs at time t2) and a NB-PDCCH CSS starts at time t1 and ends at time t3.  If TPO < Rmax, (e.g. TPO = 320 ms and CSS Rmax = 512 repetitions), then the CSS will overlap two (or more) PO as shown in the example in Figure 1.  The UE would be confused as to when the CSS starts (e.g. UE reading PO at time t2 is unsure if the CSS starts at time t1 or t2).  This leads to ambiguity on the ending subframe of the NB-PDCCH and the starting subframe of the NB-PDSCH.  If the starting NB-PDSCH subframe is wrong, the UE may fail to decode the NB-PDSCH and hence waste battery power accumulating NB-PDSCH repetitive samples.  Overlapping of the same PO can be avoided by ensuring configurations where TPO < Rmax are not allowed.
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Figure 1: CSS overlapping same PO
Observation 1: If the period of the PO cycle is less than that of the CSS max repetition Rmax, then the CSS would overlap the same PO (associated with this CSS) at least twice.
Proposal 1: Paging configurations where the period of the PO < Paging CSS maximum repetition is not allowed.
2.2 CSS Overlapping Unassociated Paging Occasion
Within a PO cycle, there can be multiple (up to 32) different POs, which are used to spread the paging load.  If the gap TGAP between two different POs is smaller than CSS Rmax, the CSS would overlap two or more different or unassociated POs within a PO cycle as shown in Figure 2.  Here, a paging CSS starts at time t1 and ends at time t3 and another unassociated PO starts at time t2.  Since Rmax > TGAP, the CSS that starts at time t1 would overlap the unassociated PO that starts at time t2.  The UE that belongs to the overlapped PO (PO at time t2) may be able to decode the NB-PDCCH and would accumulate the repetitive sample of the corresponding NB-PDSCH carrying the paging message, in which case, it would fail to decode the paging message since it is likely that it gets the wrong starting NB-PDSCH subframe.  This would waste the UE battery.  Similarly, the configuration where TGAP < Rmax could be prohibited to avoid overlapping of different POs within a PO cycle.  However, unlike eMTC which has a maximum CSS Rmax = 256, this method may not be suitable for NB-IoT with max CSS Rmax that is almost 10× that of eMTC.  Increasing TGAP such that it is greater than Rmax would reduce PO instances and thereby reduce eNB scheduling opportunities.
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Figure 2: CSS overlapping other POs

Observation 2: If the gap TGAP, between two different PO within a PO cycle is greater than CSS Rmax, the CSS would overlap (at least) two different (unassociated) POs.
Observation 3: Ensuring TGAP > Rmax may not be suitable for NB-IoT since this would reduce eNB scheduling opportunities. 

Alternative methods to avoid overlapping POs issue described in Figure 2 are:
· Alt-1: Introduce an indication in the NB-PDCCH to identify the PO that the CSS belongs to.  For example an indication in the DCI or a different P-RNTI is used to differentiate one PO from another.  In this way, a UE would discard an NB-PDCCH that does not belong to its PO and therefore avoid reading the corresponding paging message.  The number of bits in the DCI or the number of different P-RNTI is dependent upon the number of POs that the CSS would overlap.
· Alt-2: If Rmax > TGAP, the CSS is segmented and occupies multiple POs that are associated to this CSS.  For example, a CSS starting at time t1 in Figure 2 is segmented into two segments with the 1st segment transmitted between time t1 and t2 and the 2nd segment is transmitted in the next PO associated with this CSS, i.e. between time t10 and t11.

Alt-2 would directly avoid a CSS from overlapping adjacent PO but would consume additional PO and introduces delay.  Alt-1 does not directly avoid the CSS / adjacent PO overlap but provides a mechanism to avoid ambiguity on the origin of the CSS.  We have a preference to use Alt-1.
Proposal 2: An indication is used in the NB-PDCCH to identify the PO associated with the CSS.  The indication can be indicated in the DCI or in the form of different P-RNTI.

3. Conclusion

In this contribution we discuss some aspects of long paging CSS and we observe the following:
Observation 1: If the period of the PO cycle is less than that of the CSS max repetition Rmax, then the CSS would overlap the same PO (associated with this CSS) at least twice.
Observation 2: If the gap TGAP, between two different PO within a PO cycle is greater than CSS Rmax, the CSS would overlap (at least) two different (unassociated) POs.

Observation 3: Ensuring TGAP > Rmax may not be suitable for NB-IoT since this would reduce eNB scheduling opportunities. 

We therefore propose the following:

Proposal 1: Paging configurations where the period of the PO < Paging CSS maximum repetition is not allowed.
Proposal 2: An indication is used in the NB-PDCCH to identify the PO associated with the CSS.  The indication can be indicated in the DCI or in the form of different P-RNTI.
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