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1 Introduction
In connected mode the UE is allowed to read paging in any paging occasions. The UE may take advantage of on duration period to monitor paging occasions in order to not affect the DRX and battery consumption of the UE [1]. On the other hand, the UE is required to read paging at least once every defaultPagingCycle to check whether ETWS or CMAS  notification is present or not. Therefore the UE may have to wake up from DRX to meet the above requirement. This paper investigates into impacts of subframe patterns to paging access with DRX configuration.
2 Discussion
Monitor paging during on duration period in restricted subframes
In order to ensure reliable paging detection in HetNet environment, the UE should find a paging occasion which is in restricted subframes. There are sufficient number of such occasions to satisfy ETWS and CMAS monitoring requirement if the UE is allowed to wake up from the DRX to read paging. From UE battery life perspectives, waking up from DRX should be avoided as much as possible. This paper at first checks if it is possible to limit access to the paging channel only during on duration periods which are protected by restricted subframes while meeting the ETWS and CMAS monitoring requirement. 
Table 1 shows the starting subframe of on duration periods, the nearest and second nearest paging occasions from the on duration periods, and the corresponding 1/8 subframe pattern which covers each of the first subframe of the on duration periods and the two paging occasions. In the table, long DRX cycle, DRX Start offset, on duration period and nB in PCCH configuration are set to 256 (28) ms, 1 subframe, 4 subframes and same as the default paging cycle, respectively. A 1/8 subframe pattern [2] is distinguished by the position of restricted subframe which is an integer 0 to 7. 
The paging occasions which are both in on duration period and are protected by the restricted subframes of the pattern 1 are highlighted in green. The interval between the adjacent green subframes is 1280 ms. If the default paging cycle is set to 640 ms, reading just green frames does not meet ETWS and CMAS monitoring requirement. In case the default paging cycle is set to 1280 ms, the requirement is met. However, if the UE fails to decode once then the UE needs to wake up from the DRX and read another paging occasion.
Table 1:  On duration period and paging occasions
	On Duration
start in SF
	position of
restricted SF 
(On duration)
	PO nearest
to on duration
	position of
restricted SF 
(First PO)
	PO 2nd nearest 
to on duration
	position of
restricted SF
(Second PO)

	1
	1
	9
	1
	19
	3

	257
	1
	259
	3
	269
	5

	513
	1
	519
	7
	529
	1

	769
	1
	769
	1
	779
	3

	1025
	1
	1029
	5
	1039
	7

	1281
	1
	1289
	1
	1299
	3

	1537
	1
	1539
	3
	1549
	5

	1793
	1
	1799
	7
	1809
	1

	2049
	1
	2049
	1
	2059
	3

	2305
	1
	2309
	5
	2319
	7

	2561
	1
	2569
	1
	2579
	3

	2817
	1
	2819
	3
	2829
	5

	3073
	1
	3079
	7
	3089
	1

	3329
	1
	3329
	1
	3339
	3

	3585
	1
	3589
	5
	3599
	7

	3841
	1
	3849
	1
	3859
	3

	4097
	1
	4099
	3
	4109
	5

	4353
	1
	4359
	7
	4369
	1

	4609
	1
	4609
	1
	4619
	3

	4865
	1
	4869
	5
	4879
	7


Observation: with a certain combination of PCCH config, DRX config and a subframe pattern, ETWS and CMAS monitoring requirement is not met if the UE is limited to read paging occasions only in on duration periods which are in restricted subframes.
Monitor paging in active time
If the ETWS and CMAS monitoring requirement is not satisfied, the UE needs to wake up and read more paging occasions which are protected by the subframe pattern. From the perspective of UE battery saving, the frequency of such wake ups should be kept as minimum.
Subframes highlighted in water color in the table 1 are paging occasions protected by the same subframe pattern 1 and near the on duration period. For example, the subframe 1289 is just 5 subframes after the end of the on duration period (subframe1281 - 1284). If any new data is arrived during the on duration period, the subframe 1289 will be in active time due to the inactivity timer and the UE can read the paging occasion during the active time. The subframe 1809 is 16 subframe after the subframe 1793. If there is a downlink assignment in subframe 1793 and the decoding of the assignment fails two times, the subframe 1809 will be in active time waiting for retransmission. 
The interval between the subframe 769 and 1289, 1289 and 1809, 1809 and 2049 are 520, 520 and 240 ms, respectively. All of the intervals are less than the default paging cycle (620ms). Therefore if the UE attempts to read paging in active time, frequency of wake ups will be reduced.
Proposal 1: the UE attempts to read paging occasions in restricted subframes during active time.
Network based alternatives

With the UE based proposal 1, the UE needs to estimate how many paging occasions would be in restricted subframes and in active time during next default paging cycles. The UE could maintain and use the average length of the active time for the estimation. However, the estimation would not be perfect since the active time depends on data arrival in the future.
Alternatively, a specific configuration of DRX parameters would alleviate the problem. For example, setting the long DRX cycle length to 320 (5 * 26) ms and DRX start offset to 9, every on duration period coincide with a paging occasion which is protected by a restricted subframe, as shown in Table 2. In this case, the interval between the two paging occasions to read is 320 ms, which meets the ETWS and CMAS monitoring requirement (default paging cycle of 640 ms in the section 2.1). With a specific setting of DRX Configuration (long DRX cycle length set to 5*2n and DRX start offset to align on duration periods to paging occasions which are protected by restricted subframes), the UE will be able to avoid extra wake up from the DRX and implementing estimation of active time duration.
Table 2:  Aligned On duration to paging occasions protected by a restricted subframe
	On Duration
and PO
	position of
restricted SF

	9
	1

	329
	1

	649
	1

	969
	1

	1289
	1

	1609
	1


Proposal 2: the network should configure the long DRX cycle to 5*2n and DRX start offset to align on duration periods to paging occasions which are protected by restricted subframes in PCell.
3 Conclusion
We request RAN2 to discuss the issue and the two alternative proposals presented above, and clarify the specifications according to one of the proposals.
Proposal 1: the UE attempts to read paging occasions in restricted subframes during active time.
Proposal 2: the network should configure the long DRX cycle to 5*2n and DRX start offset to align on duration periods to paging occasions which are protected by restricted subframes in PCell.
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