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1. Introduction

This paper will discuss the PF (Paging Frame) and PO (Paging Occasion) for Rel-13 low complexity MTC.
2. Discussion
2.1
Legacy PF and PO
PF and PO is the radio frame and subframe delivering the paging message, respectively. 
PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

PO is indicated by an index i_s derived from following calculation:

i_s = floor(UE_ID/N) mod Ns
For example, according i_s and Ns, PO is given by the following table (FDD case):
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


where,
-
T: DRX cycle of the UE 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

T is determined by the shortest of UE specific DRX value and default DRX value. Both the default DRX and nB are provided in System Information. 
2.1
Reusing PF and PO for Rel-13 MTC

We need to discuss the PF and PO also in Rel-13 low complexity MTC, especially for coverage extension. The PF and PO for Rel-13 MTC can still follow the current principle. However, due to the repetitions, the actual subframe delivering a paging message is different from the subframe transmitting P-RNTI. The PF for Rel-13 MTC would indicate the radio frame starting repetitions of M-PDCCH delivering P-RNTI. Also, by the same assumption, the PO for Rel-13 MTC is regarded as the subframe starting repetitions of M-PDCCH carrying P-RNTI within the PF. The repetitions of M-PDCCH delivering P-RNTI are followed by the repetitions of paging message as shown in Fig. 1. One cycle of the paging repetitions would finish before next PF happens, i.e. in order to minimize the additional complexity, we do not assume that the cycle is overlapped with other at least in the same reduced bandwidth of 1.4 MHz. 
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Fig. 1
PF and PO in coverage extension
We prefer to keep current principle for PF and PO. Instead, the definition of PF and PO would be slightly changed. In other words,

1 PO is a subframe where the repetition of M-PDCCH delivering P-RNTI starts

2 PF is one Radio Frame, which may contain one PO where the repetition of M-PDCCH starts

The repetitions of M-PDCCH delivering P-RNTI are followed by the repetitions of paging message.

Proposal 1: PF and PO in Rel-13 MTC indicates a radio frame and a subframe where the M-PDCCH delivering P-RNTI starts. The repetitions of M-PDCCH delivering P-RNTI are followed by the repetitions of paging message.
2.2
Issues for Rel-13 EC UE
If the current PF and PO will be re-used, the following issues can be considered:

[Issue 1]

One issue is how to set or extend DRX parameters to support heavy repetitions. The time interval between PFs has to be long enough to support heavy repetitions for coverage extension.

[Issue 2]

As shown in the following figure, there are two UEs with same PF, but different PO assuming same enhanced coverage (EC) level for paging. Since the UEs can have different PO according to i_s value, there is slightly a difference in the number of repetitions, e.g. a few subframes, even though the UEs are in same EC level. Accordingly, as a UE succeeds to decode its paging message, another UE could fail to decode M-PDCCH and its paging message.

In legacy, the multiple POs within a PF are helpful to distribute the paging loads. But, in Rel-13 coverage extension, one single PO within a PF seems more beneficial to keep common repetitions for UEs in same coverage extension level. 
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Fig. 2
different POs in same PF
From the issue 1 and 2, we introduce that the time interval between PFs has to be long enough, and one single PO within a PF is desirable. We can handle it with ‘nB’ value.
[PF analysis]

‘nB’ used to derive the PF and PO has one value among 4T, 2T, T, T/2, T/4, T/8, T/16 and T/32, where T is DRX cycle.
Assuming that T is set to the max DRX value of 2.56 sec, the following table shows the number of PFs within the DRX cycle. In order to guarantee the sufficient interval between PFs, the nB of the lower value has to be set. For nB ≥ T, all radio frames are used to transmit the paging messages. Therefore it is impossible to apply the value to the enhanced coverage if the overlapping of paging transmissions is not allowed. Even when ‘nB’ is set to the lowest value of T/32, the paging messages can be transmitted in 8 frames during 2.56 sec. It then means that the interval between two PFs delivering the paging message is 32 frames. It seems insufficient to support repetitions both for M-PDCCH and paging message.
To solve the problem, a range extension of ‘nB’ could be needed, e.g. up to T/64, T/128 or T/256. And, for coverage extension, the extended value has to be configurable.
Table 1
# of PFs during 2.56 sec for ‘nB’
	nB 
	# of PFs during 2.56 sec

	4T
	256

	2T
	256

	T
	256

	T/2
	128

	T/4
	64

	T/8
	32

	T/16
	16

	T/32
	8

	T/64
	4

	T/128
	2

	T/256
	1


[PO analysis]


Assuming T of 2.56 sec, the following table indicates the subframes where the paging message can be tranmsitted within a radio frame, i.e. PO. For nB ≤ T, i_s is always zero. It means that the paging message is always transmitted at 9th subframe only. Accordingly, as ‘nB’ is set to T or less, one single PO within PF can be kept. 
Table
2
# of POs in one 
	nB 
	Ns
	i_s
	POs in a radio frame

	4T
	4
	0, 1, 2, 3
	0, 4, 5, 9

	2T
	2
	0, 1
	4, 9

	T
	1
	0
	9

	T/2
	1
	0
	9

	T/4
	1
	0
	9

	T/8
	1
	0
	9

	T/16
	1
	0
	9

	T/32
	1
	0
	9


From our observations, nB value should be set to low value, and if needed, the value range has to be extended up to T/64, T/128 or T/256 at least because of the first issue.

Proposal 2: ‘nB’ is extended up to T/64, T/128 or T/256 to ensure to keep sufficient interval between PFs to support repetitions of M-PDCCH and paging message.
 The following figure is an example with our proposal of T = 2.56 sec and nB = T/256:
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Fig. 3 paging timing of T = 2.56 sec and nB = T/256
It is FFS whether to extend max DRX cycle of 2.56 sec. If DRX cycle is extended up to 10.24 sec, a UE will try to receive its paging message at one of four paging cycles above.
3. Conclusion
It is proposed that
Proposal 1: PF and PO in Rel-13 MTC indicates a radio frame and a subframe where the M-PDCCH delivering P-RNTI starts. The repetitions of M-PDCCH delivering P-RNTI are followed by the repetitions of paging message.
Proposal 2: ‘nB’ is extended up to T/64, T/128 or T/256 to ensure to keep sufficient interval between PFs to support repetitions of M-PDCCH and paging message.
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