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1 Introduction
At RAN#65, a new Work Item on “Further LTE Physical Layer Enhancements for MTC” was approved [1], with the objective to further reduce complexity of LTE devices for MTC, as well as to improve coverage for reduced complexity UEs and other UEs operating delay tolerant MTC applications. 
In RAN1 LS in [2], RAN1 provided the following agreements on Paging:
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.
RAN1 also asked RAN2 to provide feedback on agreement #3. In this contribution, we will discuss RAN2 aspects for the paging design, and we will also answer the RAN1 questions.
2 Discussion
2.1 eNB knowledge of the Rel-13 low complexity UE for Paging
The benefit of knowing the UE is Rel-13 low complexity is that such a UE cannot receive more than 6 PRBs of the system bandwidth, and eNB needs to know to arrange its scheduling of the Paging message to match that. Otherwise, it would be typically rational to use many PRBs across the system bandwidth to increase frequency diversity in the transmissions. 
In Rel-12 low complexity MTC WI, RAN2/3 agreed the AS/S1 solution for the MME to know the single RX antenna capability of a UE (i.e. implied by the Category 0 indication). In the AS/S1 solution, a Rel-12 low complexity UE reports its Category in UE-RadioPagingInfo in the UE capability report, which will then be included in a RRC container and reported by eNB to MME over S1. By this way, in case a Paging request from MME indicates that the Paging request concerns a single RX antenna UE, the eNB could adjust the PCH transmission power level and/or the amount of user multiplexing appropriately to ensure that the UE could successfully decode the Paging message.

Here, we can enhance the Rel-12 AS/S1 solution for Rel-13 low complexity UEs. The enhancement is quite straightforward, i.e. addition of the Rel-13 low complexity indication into the UE-RadioPagingInfo. The Rel-13 low complexity capability is static, so it will not be changed from time to time, hence there is no efficiency problem to transmit it.

Proposal 1: Adding the Rel-13 low complexity UE capability into the existing field UE-RadioPagingInfo for UE capability report, so that eNB could report this information to MME via the existing RRC container UERadioPagingInformation.
2.2 eNB knowledge of the required amount of coverage enhancement for Paging
The benefit of knowing the required amount of coverage enhancement is that the eNB can then work out how many repetition transmissions are needed to ensure the Paging message can reach the UE with a certain BLER, otherwise a conservative eNB would probably have to assume the UE is at cell edge and use the maximum possible amount of repetitions – potentially very inefficient in resources usage if the UE is not at the cell edge, e.g. it is close to the cell centre.
Unlike the Rel-13 low complexity capability, the required amount of coverage enhancement can be practically stable for some users but changing for some other users. For UEs in enhanced coverage, after the power-on, or once the required amount of coverage enhancement is changed, there are two possible solutions to inform the network of the required amount of coverage enhancement:
· Solution 1: UE reports the required amount of coverage enhancement in the UECapabilityInformation message.
· Solution 2: eNB detects the required amount of coverage enhancement in the random access procedure.
According to TS 23.401, if the UE has changed its radio capabilities, the UE shall request NAS layers to initiate the TAU procedure that would result in the update of UE radio capabilities, i.e. by the UE Radio Capability Match Request, as illustrated in Figure 1. It is obvious that Solution 1 is not efficient, as the whole UE radio capability update procedure will involve several AS/NAS layer messages, and each of them will require several repetitions for the sake of successful transmission and reception. 
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Figure 1: UE Radio Capability Match Request
Solution 2 is more efficient, hence it is preferred. After the successful completion of the random access procedure, the eNB determines the exact amount of coverage enhancement and signals it to the UE, which will then be stored and used by the UE for future Paging reception.
Note that the RRC container for inter-node RRC message is defined in the RAN2 specification and it is transparent to RAN3. For solution 2, we only need to update the RRC container UERadioPagingInformation and no RAN3 specification impacts are required.

Proposal 2: For UEs in enhanced coverage, eNB detects the required amount of coverage enhancement in the random access procedure and then reports to the MME via the existing RRC container UERadioPagingInformation.
Proposal 3: The eNB signals the amount of coverage enhancement to the UE, which will then be stored and used by the UE for future Paging reception.
2.3 Different Paging opportunities for different coverage enhancement levels
In the current specification, one Paging Occasion is a subframe where there may be P-RNTI transmitted on PDCCH addressing the Paging message, and one Paging Frame is one radio frame, which may contain one or multiple Paging Occasion(s). UE’s paging opportunities (e.g. Paging Frame plus Paging Occasion) are determined by the formula described in TS36.304 using the PCCH parameters provided in System Information.
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Figure 2: Paging opportunities for normal UEs not in coverage enhancement

For Rel-13 low complexity UEs and UEs in enhanced coverage, Paging transmissions need to be repeated several times in the time domain in order to accumulate the energy, which means one Paging opportunity will span across multiple frames and subframes. RAN1 already agreed that Paging messages for Rel-13 low complexity UEs and UEs operating coverage enhancements are transmitted separately from the Paging messages for other UEs. RAN1 also agreed that Paging messages intended for Rel-13 low complexity UE and UE operating coverage enhancements can be supported with multiple repetition levels. Therefore, different coverage enhancement levels shall have different Paging opportunities, which could be separated in the time domain and/or the frequency domain, as shown in Figure 3.
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Figure 3: Different Paging opportunities for Rel-13 low complexity UEs and UEs in enhanced coverage

For Rel-13 low complexity UEs and UEs in enhanced coverage, depending on the amount of coverage enhancements (e.g. 0db, 5db, 10db or 15db) signaled by the eNB in the latest RRC connection establishment, UE needs to monitor the Paging messages in the corresponding Paging opportunities. For the Paging message for SIB update, it is obvious that eNB needs to transmit the Paging message in all the possible Paging opportunities.
Proposal 4: The paging opportunities are different for different coverage enhancement levels, and could be separated in the time domain and/or the frequency domain.
2.4 Scheduling of Paging messages
In RAN2#89, RAN2 agreed that the scheduling information (i.e. time, frequency and MCS/TBS) for the acquisition of MTC-SIB1 could be provided in MIB, hence dynamic scheduling information in PDCCH is not needed. RAN2 also agreed that the MTC-SIB1 could contain scheduling information for the acquisition of subsequent MTC-SIBs without reading PDCCH. Such a DPCCH less mechanism could also be applied to the Paging message, since the overhead caused by the repetitions of PDCCH is considerable. Moreover, to meet the coverage enhancement target, it is very likely that every Paging message transmission will occupy all the 6 PRBs and the modulation scheme will be fixed to QPSK, and the extra flexibility provided by PDCCH is quite limited. In this case, the scheduling information (i.e. time, frequency and MCS/TBS) for the Paging messages for different coverage enhancement levels are provided in system information.
The Paging message consists of the paging records for multiple UEs, and the size of the Paging message may vary from time to time depending on e.g. the system paging load and the PCCH configurations. Subject to the eNB implementation, the system information may configure a moderate TBS for the Paging message. If the actual size of the Paging message is smaller than the configured TBS, then padding could be added. If the actual size of the Paging message is larger than the configured TBS, the eNB could choose to postpone the paging for some of the UEs to the subsequent paging opportunities, which is acceptable for UEs operating delay tolerant MTC applications. Moreover, the eNB may slowly update the system information and adjust the configured TBS according to the system paging load.
Proposal 5: The scheduling information (i.e. time, frequency and MCS/TBS) for the Paging messages for different coverage enhancement levels are provided in system information, hence Rel-13 low complexity UEs can receive the Paging messages without PDCCH. 
3 Conclusion

In this contribution, we discussed the Paging for Rel-13 low complexity UEs and UEs in enhanced coverage, and we have the following proposals: 
Proposal 1: Adding the Rel-13 low complexity UE capability into the existing field UE-RadioPagingInfo for UE capability report, so that eNB could report this information to MME via the existing RRC container UERadioPagingInformation.
Proposal 2: For UEs in enhanced coverage, eNB detects the required amount of coverage enhancement in the random access procedure and then reports to the MME via the existing RRC container UERadioPagingInformation.
Proposal 3: The eNB signals the amount of coverage enhancement to the UE, which will then be stored and used by the UE for future Paging reception.
Proposal 4: The paging opportunities are different for different coverage enhancement levels, and could be separated in the time domain and/or the frequency domain.
Proposal 5: The scheduling information (i.e. time, frequency and MCS/TBS) for the Paging messages for different coverage enhancement levels are provided in system information, hence Rel-13 low complexity UEs can receive the Paging messages without PDCCH. 
The draft reply LS to [2] is provided in [3].
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