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1 Introduction
RAN2 discussed the Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#89bis, and the following agreements were made:

Agreements at RAN2#89bis:
· Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

· For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 

· Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

· For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

· Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

· IDLE UE does not inform the network when it changes the extended coverage level

Moreover, the following agreements on Paging for Rel-13 low complexity UEs and UEs in enhanced coverage were made at RAN1#81:

Agreements at RAN1#81:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement: 

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s) 

· Option 2: M-PDCCH DCI carrying the message 

· Option 3: M-PDCCH-less PDSCH carrying the message 

· Agree the following as working assumptions for Paging: 

· Support Option 1 for the case of a single Paging record in a narrowband 

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

In this contribution, we will continue the discussion on remain open issues on Paging from RAN2 perspective.
2 Discussion
2.1 Multiple narrowbands for Paging transmission
A narrowband is defined in RAN1#81 as a set of contiguous PRBs, as Rel-13 low complexity UEs can only support PDSCH reception on 6 contiguous PRBs within a wideband system. For Rel-13 low complexity UEs and UEs in enhanced coverage, RAN2 agreed that the PF/PO will be determined according to the current mechanism, which means the Paging capacity will be kept unchanged from time domain perspective. Given that the Paging transmission may need to be repeated hundreds of times to meet the coverage enhancement target and only few Paging record can be accommodated in a Paging message, if there is only one narrowband for Paging transmission in the system, the Paging capacity will be severely restricted. 
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Figure 1: Multiple narrowbands for Paging
To increase the Paging capacity and correspondingly reduce the Paging blocking probability, it is desirable to support multiple narrowbands across the system bandwidth for Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage, as shown in Figure 1. The number of Paging narrowband is configurable by the eNB, according to e.g. the system bandwidth and the Paging load. Note that if M-PDCCH-scheduled solution (i.e. Option 1 and Option 2) is adopted by RAN1, Paging narrowband means 6 contiguous PRBs for M-PDCCH transmission, but if M-PDCCH-less solution (Option 3) is adopted by RAN1, Paging narrowband means 6 contiguous PRBs for PDSCH transmission.
Proposal 1: Support of multiple Paging narrowbands across system bandwidth for the Paging transmission for Rel-13 MTC, and the number of Paging narrowband is configurable by the eNB.
2.2 Relationship between Paging narrowband and coverage enhancement level
As agreed in RAN2#89bis, an Idle mode UE in enhanced coverage does not inform the network when it changes the extended coverage level. This means, sometimes the network and the UE may have unsynchronized information about UE’s coverage enhancement level. To avoid the failed Paging message reception as much as possible, RAN2 agreed to decouple the starting subframe of a Paging Occasion and the UE’s coverage enhancement level, and by this way the UE can still successfully receive the Paging message in case the network assumes a high coverage enhancement level (e.g. 10dB) while the UE requires a low coverage enhancement level (e.g. 5dB). For the case where the network assumes a low coverage enhancement level (e.g. 5dB) while the UE requires a high coverage enhancement level (e.g. 10dB), it is very likely the UE will miss the first Paging transmission. Nevertheless, with the assistance of the “Paging attempt number” from the MME to the eNB, the eNB can increase the number of repetitions for the second Paging transmission so that the UE can still be reached.
Following the current spirit of design, it seems quite straightforward to agree that the UE’s Paging narrowband (i.e. the narrowband on which the UE performs the Paging message reception) is determined irrespective of the UE’s coverage extension level. By this way, the failed Paging reception will be avoided as much as possible even if the network and the UE have unsynchronized information about UE’s coverage enhancement level.
Proposal 2: For CN initiated Paging, the UE’s Paging narrowband is determined irrespective of the UE’s coverage enhancement level.
2.3 Determination of UE’s Paging narrowband
For UEs in enhancement coverage, if multiple Paging narrowbands are configured in the system, one straightforward way is that the UE’s Paging narrowband is determined by the UE ID. The advantage is that in case multiple UEs with different coverage enhancement level are Paged by the network simultaneously and they are monitoring the same PO, the Paging messages for them may potentially be separated in different Paging narrowband, which will avoid the inefficient Paging transmission, as shown in Figure 2. 
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Figure 2: Paging narrowband selection by UE ID
When the Paging load is high or if the system bandwidth is narrow, UEs with different coverage enhancement level might be difficult to be separated in different Paging narrowband. In this case, the eNB may choose to multiplex the Paging for multiple UEs into one Paging message, or choose to postpone the Paging for some of the UEs to the subsequent paging occasions. Anyway, this is up to the eNB implementation, and the number of Paging record included in one Paging message should be flexible (i.e. between 1 and 16 as today).  

Proposal 3: For CN initiated Paging, the UE’s Paging narrowband is determined by the UE ID.
Proposal 4: The number of Paging record included in one Paging message is flexible.

3 Conclusion

In this contribution, we discussed remain open issues on MTC Paging transmission, and we have the following proposals: 
Proposal 1: Support of multiple Paging narrowbands across system bandwidth for the Paging transmission for Rel-13 MTC, and the number of Paging narrowband is configurable by the eNB.
Proposal 2: For CN initiated Paging, the UE’s Paging narrowband is determined irrespective of the UE’s coverage enhancement level.
Proposal 3: For CN initiated Paging, the UE’s Paging narrowband is determined by the UE ID.

Proposal 4: The number of Paging record included in one Paging message is flexible.
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