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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [4] 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 RAN2#91, the following agreements were made:

	Agreements
1
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

2
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

3
RAN2 agrees as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.
4
A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

5
Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

6
Repetitions pattern in both time and frequency should be determined and specified by RAN1.

7
As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.



RAN1 has agreed on the following in RAN1#82:

	Agreements
1
Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

2
One or more narrowbands can be configured by eNB for paging



A UE monitors a paging occasion in one of the configured narrowbands in the 
subframe based on at least UE ID at least for paging record(s)
3
On indicators for system information update, ETWS, and CMAS:



Option A: Transmit in M-PDCCH 



Option B: Transmit in PDSCH 



FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or 
not



FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

4
The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

Note: the ‘CE level’ can be replaced by a proper terminology later if needed.


In this paper, we address the remaining open issues regarding the paging mechanism for Rel-13 low complexity and/or coverage enhanced UEs (Rel-13 LC/CE UEs) based on the agreements/working assumptions given above.
2 Discussion
2.1 PF/PO and repetition patterns in time and frequency

In the legacy networks, paging frames and occasions are determined using the formulae given in Section 7 in [11]. 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.

Observation 1 For Rel-13 LC/CE UEs, a longer separation between paging occasions may need to be considered to ensure that the repetitions in a paging occasion do not overlap with the next paging occasion.
In [11], subframe patterns are given in section 7.2 where index i_s, which points to the paging occasion, is derived from the following equation:

i_s = floor(UE_ID/N) mod Ns

From the equation above, it can be observed that the minimum separation between the paging occasions can be 1 subframe. 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 (referred as PRB groups in Figure 1) n, n+1, n+2, and n+3. Figure 1 shows how such approach can be used to separate paging occasions for Rel-13 LC/CE UEs. Note that the corresponding PDSCH subframe bundles can also be scheduled to the same/different narrowbands with the M-PDCCH subframe bundles. 
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Figure 1. Separating paging occasions for Rel-13 LC/CE UEs scheduled with downlink common control channel.
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 [11] 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 2 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.
RAN2 agreed on the following in RAN2#91; “Repetitions pattern in both time and frequency should be determined and specified by RAN1.” However based on the observations above, RAN1 should consider limiting the repetition patterns in time and frequency to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
Proposal 1 RAN1 should consider limiting the repetition patterns in time and frequency to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
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


]]
}

[…]
where PCCH-Config is;
[…]
PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












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












oneSixteenthT, oneThirtySecondT}

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





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},


nB








ENUMERATED {












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












oneSixteenthT, oneThirtySecondT},


coverageEnhancementLevel-r13

SEQUENCE {




ce-Level-Zero-r13




INTEGER (0..255)

OPTIONAL
-- Need OR



ce-Level-One-r13




INTEGER (0..255)

OPTIONAL
-- Need OR



ce-Level-Two-r13




INTEGER (0..255)

OPTIONAL
-- Need OR



ce-Level-Three-r13




INTEGER (0..255)

OPTIONAL
-- Need OR


}

OPTIONAL
-- Need OR
}
[…]
Note that the terminology and the number coverage enhancement levels are pending RAN1 and RAN2 confirmation.
Proposal 2 Number of repetitions corresponding to each coverage enhancement level is provided in SIB2.

2.3 Enhanced coverage capability and UE behaviour 
RAN2 discussed the following proposal regarding the enhanced coverage capability and UE behaviour in RAN2#91, however no agreement was made.

“A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …
a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 
b) legacy paging if the NW expects the UE to be in normal coverage

In the scenario above, we consider a “normal complexity” UE, i.e. not a “bandwidth reduced low complexity” UE, capable of operating coverage enhancements. The question is whether such UEs shall monitor paging according to the paging mechanism introduced for Rel-13 LC/CE UEs or to the legacy mechanism when it is in normal coverage on a cell that supports coverage enhancement functionality. Note that RAN2 agreed in RAN2#89bis that Rel-13 “normal complexity” UEs operating coverage enhancements are paged using the same mechanism for paging Rel-13 “bandwidth reduced low complexity” UEs.
What should the network do if it knows that the Rel-13 LC/CE UE was operating coverage enhancements when it was in connected mode last time, i.e. UERadioPagingInformation? If the UE is going to be paged in a cell different than the one it was in connected mode last time, having such paging information may not help much considering that the UE can either be in better or worse coverage compared to earlier. Therefore, it may be better to consider the scenario where the UE is in the same cell first.
If the UE is in the same cell when it was in connected mode last time, the network can expect that it is highly likely that the UE is still operating coverage enhancements. If the UE is indeed operating coverage enhancements, it can expect to be paged via the paging mechanism introduced for Rel-13 LC/CE UEs assuming it recalls that it is now camped in the same cell last time it was in connected mode. However, if the UE is now camped in the same cell, but it has moved to normal coverage in the meantime, it should expect to be paged via the paging mechanism introduced for Rel-13 LC/CE UEs if the proposal above is agreed. That would mean the UE has to monitor paging assuming the mechanism introduced for Rel-13 LC/CE UEs even though it is in normal coverage. The UE may still be able to decode the paging message consuming similar amount of power, but from network standpoint more resources would be used due to unnecessary repetitions.

If the scenario above is considered for the case where the UE was in normal coverage in the same cell but it has started to operate coverage enhancements in the same cell, the network would page the UE using the legacy mechanism regardless of its current status. Note that the UE would not be able to monitor paging assuming the legacy mechanism in that case since it is now operating coverage enhancements. The only benefit of the proposal can be observed if the UE has moved to normal coverage from operating coverage enhancements last time it was in connected mode since the network can avoid paging the UE using the legacy paging mechanism. But considering that it would be more costly to page the UE using the paging mechanism introduced for Rel-13 LC/CE UEs compared to the legacy mechanism we propose the following:
Proposal 3 A non-LC UE capable of operating coverage enhancements shall, when in normal coverage on a cell that supports CE, monitor legacy paging mechanism. 

3 Conclusion

In this contribution we have discussed the paging procedure 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, a longer separation between paging occasions may need to be considered to ensure that the repetitions in a paging occasion do not overlap with the next paging occasion.
Observation 2
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.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN1 should consider limiting the repetition patterns in time and frequency to ensure that repetitions from a paging occasion do not overlap with the repetitions from the following paging occasion.
Proposal 2
Number of repetitions corresponding to each coverage enhancement level is provided in SIB2.
Proposal 3
A non-LC UE capable of operating coverage enhancements shall, when in normal coverage on a cell that supports CE, monitor legacy paging mechanism.
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