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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) relative 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.

RAN1 has discussed and made the following agreements on paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE) (included in LS from RAN1 to RAN2 [1]):
1. Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.
2. Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

3. For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.

In this paper, we discuss the paging procedure for Rel-13 low complexity and/or coverage enhanced UEs.  
2 Discussion
RAN1 has agreed that paging messages for Rel-13 low complexity UEs and/or UEs in enhanced coverage are transmitted separately from paging messages for legacy UEs. Since Rel-13 low complexity UEs have a reduced bandwidth of 1.4 MHz and they should be able to operate within any system bandwidth [4], it is not possible to schedule these UEs similar to legacy UEs unless the system bandwidth is limited to 1.4MHz, e.g. such UEs will not be able to receive PDCCH in a system with a bandwidth larger than 1.4MHz.
Observation 1 It is not possible to schedule paging messages for Rel-13 low complexity UEs similar to legacy UEs.
Proposal 1 Paging messages for Rel-13 low complexity UEs are transmitted using separate time/frequency resources. 

PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels has to be supported by paging messages for both Rel-13 low complexity UEs in enhanced coverage and normal complexity UEs in enhanced coverage. Considering that we need to address how to transmit paging messages not only for Rel-13 “normal” UEs in enhanced coverage but also for Rel-13 “low complexity” UEs in enhanced coverage, this would require both “new” and “legacy” paging messages to support PDSCH subframe bundling/repetition since separate time/frequency resources are allocated to page Rel-13 low complexity UEs. Instead of introducing separate mechanisms to support bundling/repetition, it would be easier if one mechanism is used to page all UEs in enhanced coverage. Note that that the WID [1] stipulates that we should strive for commonality in the following two ways: “When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.” and “The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.” 
Proposal 2 Rel-13 “normal” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs in enhanced coverage. 

If paging messages for Rel-13 low complexity UEs are transmitted using separate time/frequency resources as proposed above, this would mean a new paging message format, e.g. smaller in size, may be introduced for Rel-13 low complexity UEs and “normal” UEs in enhanced coverage, if needed.
Observation 2 A new paging message format may be introduced, if needed, for Rel-13 “normal” UEs in enhanced coverage and Rel-13 “low complexity” UEs in both normal and enhanced coverage.

2.1 Paging mechanism
Paging is a mechanism for the network to initiate setting up a connection with a UE when it is in RRC_IDLE state. The UE monitors the L1/L2 control signalling to receive the downlink scheduling assignments related to paging. Upon receiving the paging message from the MME, the eNB calculates the applicable paging occasions, waits the next paging occasion and sends a Paging RRC message, indicated by a downlink resource assignment addressed to P-RNTI on the PDCCH, to the UE in the subframe corresponding to the paging occasion.
The paging message can contain maximum 16 UE identities due to the constraint value “maxPageRec” [3]. Paging message includes a PagingRecordList which is composed of ue-Identity, and cn-Domain. cn-Domain is 1 bit, whereas ue-Identity contains either S-TMSI, which is 40 bits [32 bits (m-TMSI) + 8 bits (MMEC)], or IMSI, which is a sequence of IMSI-Digit of size that can range from 6 to 21. IMSI-Digit is an integer from 0 to 9, so it is 4 bits. Therefore the size of IMSI can range from 24 bits to 84 bits. However in [5] we have the following text in section 2.3:
“The number of digits in IMSI shall not exceed 15.”

Therefore we can say the following: If S-TMSI is used then ue-Identity is 40 bits, otherwise (when IMSI is used) it can range from 24 to 60 (= 15*4) bits. That would make the size for the paging message range from 25 to 61 bits (including the cn-Domain). Considering that it is possible to construct a new paging message format for Rel-13 low complexity UEs, one can also consider removing some of the fields from the legacy paging message contents to reduce the message before adopting it.
Paging message
-- ASN1START

Paging ::=




SEQUENCE {


pagingRecordList



PagingRecordList 




OPTIONAL,
-- Need ON


systemInfoModification


ENUMERATED {true}




OPTIONAL,
-- Need ON

etws-Indication




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension


Paging-v890-IEs





OPTIONAL

}

Paging-v890-IEs ::=


SEQUENCE {


lateNonCriticalExtension

OCTET STRING






OPTIONAL,


nonCriticalExtension


Paging-v920-IEs






OPTIONAL

}

Paging-v920-IEs ::=


SEQUENCE {


cmas-Indication-r9



ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



Paging-v1130-IEs



OPTIONAL

}

Paging-v1130-IEs ::=


SEQUENCE {


eab-ParamModification-r11

ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


cn-Domain






ENUMERATED
{ps, cs},


...

}

PagingUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


imsi







IMSI,


...

}

IMSI ::=






SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=





INTEGER (0..9)

-- ASN1STOP

S-TMSI information element
-- ASN1START

S-TMSI ::=






SEQUENCE {


mmec







MMEC,


m-TMSI







BIT STRING (SIZE (32))

}

-- ASN1STOP

2.1.1 Transport block size and paging message
If ue-Identity contains IMSI, for each UE the size of PagingRecordListcan can range from 25 bits (= 24 + 1) to 61 bits (= 60 + 1). If maximum transport block size for broadcast signaling is reduced to ~1000 bits similar to unicast [7] for Rel-13 low complexity UEs, this would make 40 UEs (~1000 / 25) or 16 UEs (~1000 / 61) respectively. It would be 24 UEs (~1000 / (40+1)) if ue-Identity contains S-TMSI. Considering that the paging message can contain up to 16 UE identities, transport block size limitation (~1000bit) for Rel-13 low complexity UEs does not have any impact on maximum number of UE identities that a paging message can contain.
Observation 3 Transport block size limitation, i.e. maximum size of ~1000 bits, for Rel-13 low complexity UEs does not have any impact on the maximum number of UE identities that a paging message can contain.
2.1.2 Transmission bandwidth and paging message
The paging message can contain maximum 16 UE identities. If we have the largest possible paging message, we may need the full transmission bandwidth on a 20 MHz system to provide good coverage especially at the cell edge. For example, when the transmission bandwidth is limited to 1.4 MHz, the network can transmit ~1440 coded bits (~ 120 REs * 2 (QPSK) * 6 PRBs) using the QPSK modulation scheme for coverage purposes. If we assume a code rate of 1/17, that would make ~84 payload bits (=> 1440 coded bits * 1/17). In such a scenario one to three paging identities can be transmitted in a paging message if ue-Identity contains IMSI, whereas two paging identities can be transmitted if ue-Identity contains S-TMSI for Rel-13 low complexity UEs. An alternative option would be to assume a lower code rate with an increased number of repetitions. Paging capacity can also be increased with e.g. frequency multiplexing.
Observation 4 When the network schedules the paging transmission within 1.4 MHz, the number of paging identities that can be transmitted in a paging message may be reduced for coverage purposes.
Proposal 3 The number of paging identities that can be transmitted simultaneously for Rel-13 low complexity UEs is up to the network.
2.1.3 Scheduling the paging message
A Rel-13 low complexity UE has to know the frequency location of the up to 6 PRBs that it is supposed to monitor for paging request messages at the paging occasions, i.e. the UE needs both a paging occasion and a “paging location”. The following options are potential scheduling methods for paging messages:
· E-PDCCH-based scheduling:

· E-PDCCH is transmitted in a fixed location, e.g. in the center 6 PRBs, or
· E-PDCCH is transmitted in a predefined location, e.g. given by the UE ID, or

· E-PDCCH is transmitted in a semi-static location indicated via e.g. SIB.

In all the above cases, either the E-PDCCH indicates the PRB location for the PDSCH for RAR, or the PDSCH for RAR is simply transmitted in the same 6 PRBs as the E-PDCCH.

· E-PDCCH-less scheduling:

· PDSCH for RAR is transmitted in a fixed location, e.g. in the center 6 PRBs, or
· PDSCH for RAR is transmitted in a predefined location, e.g. given by the UE ID, or

· PDSCH for RAR is transmitted in a semi-static location indicated via e.g. SIB.
It has been observed that the number of paging identities in a paging message that can be transmitted robustly with sufficient coverage within one subframe is very limited (when target FER is 10%) assuming that all 6 PRBs are utilized for the transmission of a paging message for Rel-13 low complexity UEs in “normal coverage” [6] [2]. Since some of the central PRBs would probably be needed for other messages such as MIB, uplink scheduling etc., it may not be feasible to schedule the paging messages for Rel-13 low complexity UEs within the central 6 PRBs.
Observation 5 It may not be feasible to schedule the paging messages for Rel-13 low complexity UEs within the central 6 PRBs.
2.1.4 eNB knowledge and paging request repetition levels
In Rel-12, RAN2 introduced an extension to the S1AP paging request signaling to allow the MME to assist the eNB by providing information on whether the paging request is intended for a Cat-0 UE. The current radio paging solution couples the radio paging message with category 0 UEs only. The network cannot know whether the UE is a Rel-13 low complexity UE prior to sending the paging message unless it is notified in some way. Considering that it is not possible for Rel-13 low complexity UEs to receive the paging message if the network schedules it using PDCCH in a system with a bandwidth larger than 1.4MHz, it is essential that the MME informs the eNB if the paging request is for a Rel-13 low complexity UE.
Observation 6 eNB needs to know if the UE is a Rel-13 low complexity UE to transmit the paging message.
Proposal 4 Extend UE-RadioPagingInfo container to provide information on whether the paging request is for a Rel-13 low complexity UE.

It would be beneficial from downlink resource consumption standpoint if the eNB would not always have to apply the worst case paging request repetition level, corresponding to e.g. 15 dB, even if the UE is in a better coverage. One potential solution is that the MME provides the eNB information on whether the UE was in enhanced coverage last time it was in connected mode. Another one can be to provide a suggested UE-specific paging message repetition level, e.g. based on the enhanced coverage history of the UE. The latter can be more beneficial assuming that many of the UEs in enhanced coverage are expected to be immobile, e.g. smart meters in the basements, and the channel conditions to stay the same. 
Observation 7 It would be beneficial if the eNB would not always have to apply the worst case paging request repetition level.
This can be addressed with a mechanism similar to what we have in Rel-12 for Category 0 UEs. The difference is that instead of providing the information once when the UE is attached to the network, the eNB would need to pass the information every time the UE is released from connected to idle mode. The eNB can report to the MME e.g. whether the UE was in enhanced coverage last time it was in connected mode or suggest a UE-specific paging message repetition level based on the coverage enhancement level before the UE is released to idle mode.
Proposal 5 MME can inform the eNB if the paging request is for a UE that may be in enhanced coverage.
Proposal 6 Discuss whether it would be beneficial if the eNB knows the UE-specific paging request repetition level when paging a UE that may be in enhanced coverage.
Proposal 7 Inform RAN1, RAN3, SA2, and CT1 about the discussion above. 

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
It is not possible to schedule paging messages for Rel-13 low complexity UEs similar to legacy UEs.

Observation 2
IA new paging message format may be introduced, if needed, for Rel-13 “normal” UEs in enhanced coverage and Rel-13 “low complexity” UEs in both normal and enhanced coverage.
Observation 3
Transport block size limitation, i.e. maximum size of ~1000 bits, for Rel-13 low complexity UEs does not have any impact on the maximum number of UE identities that a paging message can contain.
Observation 4
When the network schedules the paging transmission within 1.4 MHz, the number of paging identities that can be transmitted in a paging message may be reduced for coverage purposes.
Observation 5
It may not be feasible to schedule the paging messages for Rel-13 low complexity UEs within the central 6 PRBs.
Observation 6
eNB needs to know if the UE is a Rel-13 low complexity UE to transmit the paging message.
Observation 7
It would be beneficial if the eNB would not always have to apply the worst case paging request repetition level.


Based on the discussion in section 2 we propose the following:
Proposal 1
Paging messages for Rel-13 low complexity UEs are transmitted using separate time/frequency resources.
Proposal 2
Rel-13 “normal” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs in enhanced coverage.
Proposal 3
The number of paging identities that can be transmitted simultaneously for Rel-13 low complexity UEs is up to the network.
Proposal 4
Extend UE-RadioPagingInfo container to provide information on whether the paging request is for a Rel-13 low complexity UE.
Proposal 5
MME can inform the eNB if the paging request is for a UE that may be in enhanced coverage.
Proposal 6
Discuss whether it would be beneficial if the eNB knows the UE-specific paging request repetition level when paging a UE that may be in enhanced coverage.
Proposal 7
Inform RAN1, RAN3, SA2, and CT1 about the discussion above.
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