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1 Introduction
In connected mode the UE is allowed to read paging in any paging occasions [1]. In HetNet scenario, the UE would choose to read paging occasions which are in restricted subframes for more reliable paging detection. This paper investigates how much paging occasions and subframe patterns are aligned in a typical Macro-Pico scenario and discuss how to deal with their misalignment if any.
2 Discussion
2.1 Alignment between paging occasions and restricted subframes
Due to its small radius, paging load of a pico cell may not be very high. Therefore the nB parameter in PCCH configuration is likely configured to T/K (K=1, 2, 4, 8, 16 or 32) to have a single paging occasion per K radio frames, where T is DRX cycle of the UE. In FDD subframe 9 is the single paging occasion within a paging frame. With regard to the number of restricted subframes in Macro-Pico scenario, it should be limited to a small number, for example, one in order to minimise the impact to traffic handling in a Macro cell. The typical subframe pattern for measurement resource restriction in FDD is one restricted subframe out of eight subframes (1/8), considering minimum round trip time associated with a HARQ process [2]. 

Based on the above configurations, we investigate into alignment between subframe patterns and paging occasions in three PCCH configurations. The value of nB is set to 64, 32 and 16 radio frames in the first, second and third configuration, respectively and the default paging cycle is 64 radio frames (640 ms) in all three cases. Table 1 shows paging occasion (PO) in subframes and the position of restricted subframes (RSFP) which fits into the paging occasions. RSFP is derived by calculating modulo 8 of the paging occasions in subframes. It can be seen that only limited number of subframe patterns cover the paging occasions.  In the second configuration, for example, only two subframe patterns RSFP 1 (“01000000 01000000…”) and RSFP 5 (“00000100 00000100…”) can cover the paging occasions. If RSFP 5 is configured by the victim cell, the UE should read paging in subframe 29, 69, 109, … not in subframe 9, 49, 89,… for more reliable paging detection. A case should be avoided is that the network configures other subframe patterns which are not included in the table, for example RSFP of 2. All of the paging occasions are in the normal subframes and suffer from the interference. The UE may fail to detect paging messages.

Observation: with a certain combination of PCCH config and a subframe pattern, the paging occasions are not protected from interference. 
Table 1: Alignment of Paging Occasions and Subframe patterns
	PO
	Config 1
	Config 2
	Config 3

	in SF
	RSFP
	RSFP
	RSFP

	9
	1
	1
	1

	19
	3
	-
	-

	29
	5
	5
	-

	39
	7
	-
	-

	49
	1
	1
	1

	59
	3
	-
	-

	69
	5
	5
	-

	79
	7
	-
	-

	89
	1
	1
	1

	99
	3
	-
	-

	109
	5
	5
	-

	119
	7
	-
	-


2.2 Handling misalignment between subframe patterns and paging occasions
Currently the UE is required to read paging at least once in default paging cycle to detect ETWS and CMAS notifications. The UE can check if paging occasions are aligned with configured subframe pattern for PCell based received PCCH and subframe pattern configuration. In case of misalignment the UE should attempt to read paging in additional paging occasions.

Proposal 1: The UE attempts to read paging in additional paging occasions if the paging occasions are not aligned with the configured subframe pattern for PCell in order to detect paging more reliably.

Alternatively, the network can configure nB in PCCH configuration to 2T or 4T so that the UE can always find paging occasions in restricted subframes. Table 2 shows the paging occasions and aligned subframe patters when nB is set to 2T. It can be seen that any subframe pattern can cover some of paging occasions.

Proposal 2: the eNB should configure nB in PCCH configuration to 2T or 4T in a victim pico cell
Table 2: Alignment of Paging Occasions and Subframe patterns

	PO in SF
	RSFP

	4
	4

	9
	1

	14
	6

	19
	3

	24
	0

	29
	5

	34
	2

	39
	7

	44
	4

	49
	1

	54
	6

	59
	3

	64
	0

	69
	5

	74
	2

	79
	7

	84
	4

	89
	1

	94
	6

	99
	3

	104
	0

	109
	5

	114
	2

	119
	7


3 Conclusion
We request RAN2 to discuss the issue of misalignment between subframe patterns and paging occasions and the two alternative proposals, and clarify the specification according to one of the proposals.
Proposal 1: The UE attempts to read paging in additional paging occasions if the paging occasions are not aligned with the configured subframe pattern for PCell in order to detect paging more reliably.
Proposal 2: the eNB should configure nB in PCCH configuration to 2T or 4T in a victim pico cell
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