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1. Introduction
In 3GPP RAN1#81 and #82 meeting, different working assumptions are obtained

· 3GPP RAN1 #81 meeting[1]
· 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 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.
· 3GPP RAN1 #82 meeting[2]
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled
This paper discusses RAR content optimization and transmission, and gives our design proposals.    
2. Discussion
2.1 RAR content modification and transmission

To reduce power consumption and the resource overhead, some content within a RAR message should be modified or some new information should be introduced considering the characteristics of LC/CE UEs. The following discussion gives the analysis in detail:
· Resource allocation within UL grant

In legacy MAC RAR PDU, resource allocation (RA) field is fixed as 10 bits regardless of UL bandwidth. However, based on the study results in another companion paper [3], a RA indication varies with the system bandwidth assuming any one of multiple narrow-bands can be used for RAR transmission. For LC/CE UEs, resource allocation is simpler and the size can be reduced as {5, 6, 7, 8, 9} bits assuming type 2 is reused with the different system bandwidth. Since UEs knows UL bandwidth, no additional indication is introduced for UEs to determine MAC RAR PDU size when size of RA filed varies. 

· Repetition number for Msg 3

To transmit Msg3 repeatedly, the corresponding repetition number should be known to the UE and eNB. One possible solution is repetition number for Msg3 is derived from the CE level by preamble transmission and Msg3 payload size. However, the relationship is not linear between the coding rate and repetition number, and it’s quite difficult to predefine such mapping rule. Alternatively, the repetition number for Msg 3 can be carried in RAR as a part of Msg3 scheduling information.  One possible solution is to reuse TPC command field for repetition number indication in CE mode, by keeping a same MAC RAR payload size under normal coverage and enhanced coverage 
· Backoff Indicator (BI) value 

A larger time interval between two preamble transmissions is expected in CE mode with repeated transmission. Then, some larger BI values should be applied in CE mode. 

In legacy system, BI is transmitted within MAC RAR header carried by PDSCH. For LC/CE UEs, some design options for BI transmission are proposed for discussion. One option is to configure a BI value by higher layer semi-statically without dynamic transmission. Another option is to transmit BI within M-PDCCH for RAR or RAR optionally. That means BI can be transmitted within DCI if there is no RAR transmission, and is transmitted within PDSCH if there is MAC RAR message for transmission. Such design will be beneficial for power consumption and resource overhead in case eNB can’t detect any RACH preamble transmission correctly, i.e.,  no MAC RAR message for transmission carried in PDSCH. 
· PUCCH resource initialization 

Considering PUCCH resource initialization problem analyzed in [4], RAR should carry the information of PUCCH resource initialization to support ACK/NACK feedback of MSG4, e.g. an explicit PUCCH resource at least for the repeated transmission should be included. In addition, the information of PUCCH repetition number may also need to be carried in RAR.

Proposal #1: Consider to modify RAR content to support LC/CE operation.
Proposal #2: Consider to transmit BI within M-PDCCH for RAR in case of no MAC RAR message for transmission. 
2.2 Design for M-PDCCH Scheduled RAR transmission

One consideration for DCI format design and DCI size for RAR is whether a same DCI format and size should be designed in normal coverage and enhanced coverage. Based on current DCI format, possible DCI design consideration for RAR under normal coverage and enhanced coverage are summarized in Table 1, wherein possible DCI format filed and corresponding size are given, and total DCI size under different system bandwidth are summarized. 
In this table, the resource allocation field indicates a narrow band for RAR and also gives detail resource allocation within the indicated narrow band. Here, a bitmap method with 6 bits for indication of each PRB with a narrow-band is assumed for resource allocation within an indicated narrow band. Further, a 3-bit indication for repetition number is assumed. Considering a various RAR payload size, resource allocation within a narrow band is still needed to improve resource efficiency. Moreover, QPSK is assumed for RAR transmission to guarantee a robust transmission for such broadcast/multi-cast data without HARQ, regardless of CE level. From the comparison, it can be found that the DCI size difference is 3 bits at most. If a 16-bit CRC is reused, there is no much difference on the performance due to the smaller relative difference. From this perspective, a same DCI size can be applied for normal coverage and enhanced coverage. 
Table 1   DCI format for RAR

	
	Normal Coverage
	Enhanced coverage

	MCS
	4 bits based on QPSK
	4 bits based on QPSK

	Resource allocation
	ceil (
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	Repetition number for RAR
	__
	3 bits

	Total (bits)
	{10, 11, 12, 13, 14, 14}
	{13, 14, 15, 16, 17, 17}


Considering scheduling gain is quite limited in case of large CE level, frequency hopping is likely to be applied. If so, the indication of the narrow band in DCI may not be necessary in case of CE. On the other hand, indication of the narrow band can be used to point out the starting narrow-band for frequency hopping in case of CE to avoid possible resource confliction between UEs.  

Observation #1: There is no much size difference for RAR DCI under normal coverage and enhanced coverage. 
Proposal #3: It’s recommended to apply a same DCI format/size for RAR scheduling in normal coverage and enhanced coverage. 
Based on discussion in previous section, BI is carried within DCI for congestion control when there is no MAC RAR message. Then, one bit flag will be needed to indicate the presence of MAC RAR message. Then, the BI is included in DCI for standalone BI transmission without any associated PDSCH transmission. Alternatively, the presence of MAC RAR message can be indicated by set a special value in some filed. For example, resource allocation within a narrow band is set to zero to indicate that only BI is included without any PDSCH for MAC RAR transmission. In this case, it can try to keep the same DCI size.
Observation #2: BI transmission within M-PDCCH can be supported by reusing DCI fields or introducing a new field. 
3. Conclusion
In this paper, we gives some detail design for RAR message for Rel-13 LC MTC UEs and compares possible DCI formats/sizes under normal coverage and enhanced coverage. Further, some considerations to support BI transmission within M-PDCCH are discussed. Based on the analysis, some observations are obtained as
Observation #1: There is no much size difference for RAR DCI under normal coverage and enhanced coverage. 
Observation #2: BI transmission within M-PDCCH can be supported by reusing DCI fields or introducing a new field. 
And the proposals are drawn as

Proposal #1: Consider to modify RAR content to support LC/CE operation.
Proposal #2: Consider to transmit BI within M-PDCCH for RAR in case of no MAC RAR message for transmission. 
Proposal #3: It’s recommended to apply a same DCI format/size for RAR scheduling in normal coverage and enhanced coverage. 
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