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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [2] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs. In this paper, we address the remaining open issues regarding the paging mechanism for Rel-13 bandwidth reduced low complexity UEs or UEs in enhanced coverage.
2 Discussion
2.1 PF/PO and repetition patterns in time and frequency

In legacy networks, paging frames and occasions are determined using the formulae given in Section 7 in [3]. Based on the formulae, one can observe that paging occasions can be in consecutive subframes, i.e. subframes 4 and 5, or 0 and 9. A legacy UE can decode the paging message in the subframe of its paging occasion; therefore paging occasions in consecutive subframes are possible. For Rel-13 LC/CE UEs, longer separation between the paging occasions can be considered to ensure that the repetitions in a paging occasion do not overlap with the next paging occasion.

One possible approach is to transmit the M-PDCCH bundles using different frequency resources, i.e. narrowbands, based on paging occasions to avoid overlap with consecutive paging occasions. For example, paging occasions 0, 4, 5, and 9 can be mapped to narrowbands n, n+1, n+2, and n+3. Note that the corresponding PDSCH subframe bundles can also be scheduled to the same/different narrowbands with the M-PDCCH subframe bundles. A simpler approach can be to configure the DRX parameters provided in system information appropriately to avoid such overlap based on the maximum enhanced coverage level the network supports. For example the minimum separation between the paging occasions can be 1 subframe regardless of the DRX cycle, i.e. 32, 64, 128, or 256, if nB in the formulae in Section 7 in [3] is 4T. If the same parameter, i.e. nB, is set to T/32 instead, the minimum separation between paging occasions can be 320 subframes.

Observation 1 For Rel-13 LC/CE UEs, network can configure the paging related parameters provided in system information appropriately to provide a long enough separation between paging occasions to ensure that the repetitions in a paging occasion do not overlap with the following paging occasion.
Repetition patterns in time and frequency should be limited to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
Observation 2 The repetition patterns in time and frequency should be limited to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
Extending the nB value range with values lower than T/32, would increase the blocking probability of paging messages as more UEs need to monitor the same paging occasion. If nB values are extended, this should not impact the legacy paging mechanism, i.e. eMTC specific nB value in SIB2.
Proposal 1 The value range for nB is not extended for Rel-13 LC/CE UEs.

2.2 Number of M-PDCCH repetitions per CE level 
RAN2 has agreed the following in RAN2#91:

“The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information.”

If a Rel-13 LC/CE UE needs to know the number of repetitions corresponding to each coverage enhancement level, such information can be provided in the system information broadcast information. Considering that paging related information is specified to be broadcasted in SIB2 using the RadioResourceConfigCommonSIB information element; see below, it would be natural provide such information in PCCH-Config.
RadioResourceConfigCommonSIB ::=
SEQUENCE {


rach-ConfigCommon




RACH-ConfigCommon,


bcch-Config 





BCCH-Config,


pcch-Config 





PCCH-Config,


prach-Config





PRACH-ConfigSIB,


pdsch-ConfigCommon




PDSCH-ConfigCommon,


pusch-ConfigCommon




PUSCH-ConfigCommon,


pucch-ConfigCommon




PUCCH-ConfigCommon,


soundingRS-UL-ConfigCommon


SoundingRS-UL-ConfigCommon,


uplinkPowerControlCommon


UplinkPowerControlCommon,


ul-CyclicPrefixLength



UL-CyclicPrefixLength,

...,


[[
uplinkPowerControlCommon-v1020
UplinkPowerControlCommon-v1020

OPTIONAL
-- Need OR


]],


[[
rach-ConfigCommon-v1250


RACH-ConfigCommon-v1250

OPTIONAL
-- Need OR


]],


[[
pcch-Config-v13xy



PCCH-Config-v13xy




OPTIONAL
-- Need OR


]]
}

[…]
Number of repetitions corresponding to each coverage enhancement level can be specified as follows in PCCH-Config:
[…]
PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












fourT, twoT, oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT}

}

PCCH-Config-v13xy ::=



SEQUENCE {


paging-narrowBands-r13


INTEGER (1..maxAvailNarrowBands-r13),


mpdcch-NumRepetition-Paging-r13

ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256}

}
Proposal 2 Maximum number of repetitions for M-PDCCH common search space (CSS) for paging is provided in SIB2.

Proposal 3 In TS 36.304, capture the text proposal in Appendix A which describes UE behaviour when monitoring M-PDCCH repetitions.

2.3 Paging information 
In RAN2#89bis meeting we had the following agreement: “Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.”

The eNB forwards the coverage level to the MME; however it is FFS how the eNB would know UE’s enhanced coverage level. If the intention is to provide such information to the same eNB or make use of it only if it happens to be the same eNB (out of those that receive the paging request from the MME), this may be up to network implementation. Otherwise there is a need to specify the details, e.g. whether such information should be derived based on the coverage enhancement level the UE was in during random access or based on the closest supported CE level in the serving cell when the UE is released from connected to idle mode. There may also be a need to know whether dB or CE level, i.e. 0, 1, 2, or 3, is provided.
Proposal 4 How to derive the coverage enhancement level related information to be provided from eNB to MME is up to network implementation.  

2.4 Paging occasion at SF #0
For BW <= 3MHz, the narrowbands will collide/overlap with the central 72 subcarriers where PBCH/PSS/SSS resides. Please see the illustration for 3MHz below. When there is no additional PBCH repetition for Rel-13 LC/CE UEs, PBCH/PSS/SSS takes 6 OFDM symbols in SF#0. Figures 1 and 2  below illustrate the case of FDD + normal CP and TDD + normal CP, respectively. When there is PBCH repetition, PBCH/PSS/SSS take all OFDM symbols except legacy control region in SF#0.

Observation 3 For BW <=3 MHz, paging occasion at SF #0 is no longer valid.
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Figure 1. FDD + normal CP
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Figure 2. TDD + normal CP
The following conclusions can be made based on the observation above:
For 1.4 MHZ FDD; the highlighted subframes in the table given below from section “7.2 Subframe Patterns” in [11] need to be replaced with subframe #5. Note that subframes #9 and #4 can only be used in some radio frames due to PBCH and SIB1-BR transmissions respectively, e.g. when RSIB1bis = 4; subframe#4 can be used in odd radio frames when PCID is even or vice versa. Considering that this would make things unnecessarily complicated, it would better if only subframe#5 is used instead. 
FDD:
	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


Proposal 5 For 1.4 MHZ FDD; only paging occasion at subframe#5 is valid for Rel-13 LC/CE UEs. Capture the text proposal in Appendix B in TS 36.304.
For 1.4 MHz TDD; a similar discussion also applies to the TDD case. The highlighted subframes in the table given below from section “7.2 Subframe Patterns” in [11] need to be replaced with subframes #1 or #6:
TDD (all UL/DL configurations):
Table
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Proposal 6 For 1.4 MHz TDD; only paging occasions at subframe#1 and subframe#6 are valid for Rel-13 LC/CE UEs. Capture the text proposal in Appendix B in TS 36.304.
3 Conclusion

In this contribution we have discussed the remaining open issues of the paging mechanism for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:

Observation 1
For Rel-13 LC/CE UEs, network can configure the paging related parameters provided in system information appropriately to provide a long enough separation between paging occasions to ensure that the repetitions in a paging occasion do not overlap with the following paging occasion.
Observation 2
The repetition patterns in time and frequency should be limited to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
Observation 3
For BW <=3 MHz, paging occasion at SF #0 is no longer valid.


Based on the discussion in section 2 we propose the following:
Proposal 1
The value range for nB is not extended for Rel-13 LC/CE UEs.
Proposal 2
Maximum number of repetitions for M-PDCCH common search space (CSS) for paging is provided in SIB2.
Proposal 3
In TS 36.304, capture the text proposal in Appendix A which describes UE behaviour when monitoring M-PDCCH repetitions.
Proposal 4
How to derive the coverage enhancement level related information to be provided from eNB to MME is up to network implementation.
Proposal 5
For 1.4 MHZ FDD; only paging occasion at subframe#5 is valid for Rel-13 LC/CE UEs. Capture the text proposal in Appendix B in TS 36.304.
Proposal 6
For 1.4 MHz TDD; only paging occasions at subframe#1 and subframe#6 are valid for Rel-13 LC/CE UEs. Capture the text proposal in Appendix B in TS 36.304.
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4.1 Appendix A
In TS 36.304;
7
Paging

7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. For bandwidth reduced low complexity UEs or UEs in enhanced coverage, P-RNTI may be transmitted on M-PDCCH addressing the paging message. In this case, PO refers to the starting subframe of M-PDCCH repetitions, and the UE monitors up to K successive valid M-PDCCH subframes where K is set to mpdcch-NumRepetition-Paging.
4.2 Appendix B

In TS 36.304;
7.2
Subframe Patterns

FDD, except bandwidth reduced low complexity UE or a UE in enhanced coverage in 1.4MHz bandwidth
	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


FDD, bandwidth reduced low complexity UE or UE in enhanced coverage in 1.4MHz bandwidth:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	5
	N/A
	N/A
	N/A

	2
	N/A
	N/A
	N/A
	N/A

	4
	N/A
	N/A
	N/A
	N/A


TDD (all UL/DL configurations), except bandwidth reduced low complexity UE or UE in enhanced coverage in 1.4MHz bandwidth:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


TDD (all UL/DL configurations), bandwidth reduced low complexity UE or UE in enhanced coverage in 1.4MHz bandwidth:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	1
	N/A
	N/A
	N/A

	2
	1
	6
	N/A
	N/A

	4
	N/A
	N/A
	N/A
	N/A



1/7


