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1 Introduction

Scheduling for RAR and paging was discussed in RAN1#81 where the following was agreed.  

Agreements:
· 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 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR
This contribution considers the above options and working assumptions for scheduling of RAR and paging.

2 RAR and Paging Transmissions
Paging needs to be supported in order to avoid requiring a MTC UE to always have to receive the MTC SIB-1 in each BCCH modification period only for obtaining the value tag to determine if there is a SI update. Therefore, having paging is even more beneficial for MTC UEs than for legacy UEs due to the associated time needed to receive MTC SIB-1 where an MTC UE can also not be scheduled unicast data (due to the narrow-band Rx restriction).
Due to their large numbers and the likelihood to receive paging messages with repetitions, it is practically certain that multiple MTC UEs will have to share the same PO. Then, to keep the message size constant, either an assumption for the minimum number of MTC UEs needs to be made when paging in sent or the message size needs to be variable. In the former case, paging for some MTC UEs will need to be significantly delayed particularly if the paging message addresses only a single UE (to avoid having unnecessary overhead). Given that the eNB will often need to assume the worst CE level for a paging message transmission (as per RAN2 decision that UE may not update the CE level during RRC idle mode and the starting subframe of each PO is the same for all CE levels), delays can also create a stability issue in case of a large number of MTC UEs in a system as paging for some UEs may not be possible prior to the next PO. In the latter case, a DCI format needs to schedule the paging message and inform of its TBS. Given the coding gains from conveying larger message sizes and the compact nature of the DCI format for paging, it is preferable to follow the same functionality for scheduling paging messages as for Rel-12 UEs and confirm the WA for paging. 

The DCI format can be based on DCI format 1C. The size can be further reduced considering that a narrow-band can be indicated for the resource assignment (FFS the need more granularity within the narrow-band) and that 5 bits are not needed for the MCS. Nevertheless, the DCI format needs to trade-off some savings in the MCS bits with new bits to indicate the number of subframes for the repetitions of the PDSCH transmission conveying the paging message. However, this can be viewed/incorporated as part of the MCS where a lower set of MCS can be defined for MTC UEs compared to the legacy ones. An 8-bit CRC length can also be considered given that after accumulation of the repetitions for the DCI format, the SINR per encoded DCI format symbol will not be small and a false CRC check is unlikely (much smaller than 1/256 that requires a 50% BER for encoded DCI format symbols).  

Proposal 1: Confirm the working assumption for paging. Paging messages are scheduled by M-PDCCH. 
For RAR scheduling, the WA differentiates between the case that the RAR addresses a single UE and the case that the RAR addresses multiple UEs where the scheduling becomes the same as for paging. Therefore, for the case of RAR transmission to a single UE, an optimization is made to avoid the overhead associated with the DCI format transmission. However, this optimization comes at a cost of additional specifications complexity, new system behaviour (a data TB is conveyed by a DCI format that will require its own “large” size), and additional network/UE implementation complexity (assuming that the UE already supports ‘Option 1’ for paging). The network can potentially avoid the additional complexity, by always scheduling RAR for more than one UE but there will be a penalty in spectral efficiency when the RAR needs to address a single UE (although this can also be managed by the network through the use of the RAR window – similar to legacy operation). 

The benefits of the optimization by using ‘Option 2’ for single MAC RAR are rather marginal. In terms of UE power consumption, the impact from avoiding reception of a compact DCI format will be negligible as power consumption for reception is a small part of the overall power consumption and as the fraction of time an MTC UE will be operating in an attempt to decode a DCI format scheduling a RAR is also very small. In terms of spectral efficiency, there can be some savings from not having to transmit a DCI format in case of a single MAC RAR but such savings will be small and infrequent and constitute a minor optimization that is difficult to justify the associated increase in system design complexity.  
An FFS aspect is whether the use of ‘Option 2’ should be optional based on network indication. The problem with optional features based on network indication is that the UE typically needs to implement them even when they are never used. 

Proposal 2: The same scheduling method is used for both RAR and paging.  
3 Conclusions

This contribution considered the scheduling for RAR and paging. In particular, the following are proposed.
Proposal 1: Confirm the working assumption for paging. Paging messages are scheduled by M-PDCCH. 
Proposal 2: The same scheduling method is used for both RAR and paging.  
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