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1 Introduction
In RAN1#81, the following agreements were made with respect to RAR scheduling for Rel-13 low cost UEs.

Agreement:

· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH

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 transmission and contents of the RAR, and the transmission of Msg3 and Msg4 for Rel-13 low cost UEs. The scheduling of the RAR and paging according to one or more of the above 3 options is discussed in [1]. 
2 RAR Contents 
Based on previous evaluations for the RAR BLER (e.g. [2-4]), even a single RAR message cannot be supported with 10% BLER over 6 PRBs (EPA, 1Hz) at -4 dB SINR without using repetitions. Therefore, RAR repetitions are necessary. However, previous evaluations considered a legacy RAR message size where several of the individual contents are unnecessary for coverage enhanced (CE) operation - similar observations apply for the design of a compact UL DCI format scheduling a PUSCH transmission with repetitions [5].  
In particular, if frequency hopping (FH) is supported in a particular cell (indication can be in a SIB), FH can be default for Msg3 transmission and a respective flag does not need to be included in the RAR. For the RB assignment, Msg3 with repetitions can be assumed to be transmitted in 1 PRB pair. 
The narrow-band (NB) of an Msg3 transmission can be indicated by a SIB for each CE level or can be determined by the NB of the RA preamble transmission. Then, the PRB pair for the first repetition of an Msg3 transmission can be indicated by enumeration (3 bits). 

The MCS of an Msg3 transmission can be indicated with a reduced number of bits, such as 3 bits, from a set of MCS associated with a corresponding CE level as determined by the associated RA preamble transmission.

As near-far effects are not applicable for Msg3 transmission, the UE can transmit Msg3 with repetitions using the maximum transmission power and there is no practical need to fine-tune the transmission power using a TPC command.

At least for UEs operating with medium/large coverage enhancement, a useful CSI measurement cannot be provided and, in general, there is no benefit in multiplexing aperiodic CSI with a Msg3 that is transmitted with repetitions.

TC-RNTI is not needed for non-contention based random access. For contention based random access, TC-RNTIs can be associated with RA preambles for a respective CE level and an explicit indication can also be avoided. Alternatively, a shortened TC-RNTI can apply for Rel-13 low cost UEs operating with CE.
The TA size can be reduced to significantly less than 11 bits. This is because in practically all deployment scenarios, support of extremely large cell sizes (e.g. above 50 Km) is unlikely. Cell sizes above a certain size are also precluded based on the RA preamble format where, for example, RA preamble formats 0, 1, 2, and 3 are respectively associated with maximum cell sizes of ~14 Km, ~77 Km, ~29 Km, and ~100 Km. Therefore, if RA preamble format 0/2 is used, the TA can be limited to 8/9 bits, respectively. In practice, the cell size can be significantly smaller than 14 Km and, for example, for a cell size of 0.6 Km, the TA can be limited to 3 bits. A SIB can indicate the number of TA bits. The RAR message size will be variable but this is already the case when a RAR addresses multiple UEs and is also not an issue if an M-PDCCH is used to convey a single RAR.
Observation 1: The size of a RAR message for a UE transmitting Msg3 with repetitions can be significantly reduced resulting to material reductions in the number of repetitions required for transmitting one or more RAR messages.  

With the above simplifications, the number of repetitions to convey RAR to one or multiple UEs is significantly reduced [6]. 
Proposal 1: A RAR message for a Rel-13 low cost UE transmitting Msg3 with repetitions does not contain an FH field, a CSI request field, and a TPC command field. The size for each of the MCS field, the resource allocation field, and the TA field is reduced relative to Rel-12 UEs. A TC-RNTI is either not included or is reduced in size. 
2.1 RAR/Msg3/Msg4 Transmission
An M-PDCCH scheduling a RAR (or conveying a RAR if this is supported for a single RAR message) can be transmitted with a number of M repetitions derived from the number of repetitions of the associated RA preamble. A SIB can provide the link between number of N repetitions for a RA preamble and number of M repetitions for an M-PDCCH scheduling a respective RAR. A single link can apply even if the M-PDCCH contents can have different sizes depending on whether or not the M-PDCCH conveys RAR for a single UE (if supported) or schedules RAR for multiple UEs. For example, the link can be relative to the number of repetitions when the M-PDCCH conveys a DCI format scheduling RAR and the number of repetitions when the M-PDCCH conveys the RAR can be derived based on the payload difference for a single RAR message and the DCI format – no additional signaling is needed in the SIB. 

Proposal 2: A SIB provides a mapping between a number of RA preamble repetitions and a number of repetitions for an M-PDCCH scheduling/conveying a respective RAR. 

The narrow-bands (NBs) for the M-PDCCH transmission can be signaled in a SIB for each CE level. Given that different CE levels are associated with different number of repetitions for the RA preamble transmission and for the M-PDCCH conveying/scheduling the RAR, it is possible that the same NBs are used for all CE levels. The granularity of the RAR window for a CE level can be in a respective multiple of M subframes, instead of a single subframe as in case of normal coverage. Therefore, for a CE level, a ra-ResponseWindowSize value indicates a number of M subframes where an M-PDCCH scheduling/conveying a RAR can be transmitted. The starting subframe for an M-PDCCH transmission can be the first unicast DL subframe that is at least 3 subframes after the last subframe of a respective RA preamble repetition. 
Proposal 3: A SIB provides a mapping between a number of RA preamble repetitions and NB(s) for repetitions of an M-PDCCH scheduling/conveying a respective RAR. 
Proposal 4: A ra-ResponseWindowSize value indicates a number of M subframes where an M-PDCCH scheduling/conveying a RAR can be transmitted. 

Msg3 transmission parameters are scheduled by the UL DCI format functionality in the RAR message. As the UE selects the RA preamble (from ‘Group A’ or ‘Group B’) depending on the Msg3 size [7], a SIB can provide a link for the number of repetitions for Msg3 transmission according to whether the RA preamble is from ‘Group A’ or from ‘Group B’. Msg4 can be scheduled as a unicast message.
Proposal 5: A SIB provides a mapping between a number of RA preamble repetitions and a number of respective Msg3 repetitions. 
3 Conclusions

This contribution considered aspects for the transmission of RAR, Msg3, and Msg4 for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: A RAR message for a Rel-13 low cost UE transmitting Msg3 with repetitions does not contain an FH field, a CSI request field, and a TPC command field. The size for each of the MCS field, the resource allocation field, and the TA field is reduced relative to Rel-12 UEs. A TC-RNTI is either not included or is reduced in size. 
Proposal 2: A SIB provides a mapping between a number of RA preamble repetitions and a number of repetitions for an M-PDCCH scheduling/conveying a respective RAR. 
Proposal 3: A SIB provides a mapping between a number of RA preamble repetitions and NB(s) for repetitions of an M-PDCCH scheduling/conveying a respective RAR. 
Proposal 4: A ra-ResponseWindowSize value indicates a number of M subframes where an M-PDCCH scheduling/conveying a RAR can be transmitted. 

Proposal 5: A SIB provides a mapping between a number of RA preamble repetitions and a number of respective Msg3 repetitions. 
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