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1 Introduction

The random access process for a Rel-13 low cost UE was discussed in RAN1#80 with focus mostly placed on the RA preamble transmission. This contribution considers the remaining messages of the random access process, including the transmission method and contents of the RAR, and the transmission of Msg3 and Msg4. 

2 RAR/Msg3/Msg4 
Alternatives for the determination of resources for RAR and Msg4 transmissions include scheduling in a CSS using an M-PDCCH with a RA-RNTI and a TC-RNTI respectively or other means relying on some implicit information or some information in a SIB for RAR transmission and possibly some additional information in the RAR for Msg4 transmission. Whether RAR and Msg4 transmissions are scheduled to a low cost UE is discussed in [1] and is not further considered in this contribution that instead considers whether RAR transmission is based on Rel-12 method allowing a single PDSCH to convey RAR to multiple UEs or whether the RAR is made UE-specific for Rel-13 low cost UEs, on the contents of the RAR, and on aspects related to Msg3 and Msg4 transmissions.   
2.1 RAR

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, not being able to convey UE-common control signaling with a single transmission within 6 PRBs to a low cost UE with a single Rx antenna experiencing a flat channel and SINR of -4 dB is a common issue for all UE-common control signaling. Moreover, as a RAR message is expected to have a much smaller size than a SIB message, a respective number of repetitions can be significantly smaller than the one for the SIB. Further, even for a RAR message to a single UE, repetitions are needed.
In [2] it is proposed that, unlike for Rel-12 UEs, RAR transmissions to Rel-13 low cost UEs are made UE-specific in order to reduce the total RAR message size. However, blocking of RAR transmissions can then frequently occur leading to increased UE power consumption and more complex UE/network operation as the UE will attempt to decode M-PDCCH or RAR (if RAR is transmitted without an associated M-PDCCH) multiple times, over multiple subframes per time due to repetitions, and may even have to retransmit the RA preamble if a RAR transmission is blocked within a RAR window. In addition, simultaneous use of multiple groups of 6 PRBs for RAR transmissions may not always be possible due to spectrum availability and existence of latency-sensitive applications. Spectral efficiency may also be reduced due to the requirement to include CRC in multiple UE-specific RAR messages, instead of a single UE-common RAR message, and due to less efficient coding of small messages (e.g. [5]). 
Observation: It is preferable to maintain the Rel-12 mechanism where a PDSCH conveys RAR messages to a group of UEs.

To improve coverage and reduce a number of required repetitions for a RAR message transmission, and therefore improve UE power consumption and network spectral efficiency, a RAR message size for a Rel-13 low cost UE can be reduced relative to the RAR message size a Rel-12 UE as the requirement to improve coverage and reduce UE power consumption results to several fields in a RAR message to the Rel-13 low cost UE being either unnecessary or having an unnecessarily large range. 
Table 1 summarizes fields of an individual RAR message (other than the 8-bit MAC sub-header) for Rel-12 UEs and potential reductions for coverage limited Rel-13 low cost UEs that receive a RAR transmission with repetitions. 
Table 1: RAR Message Fields

	RAR message field
	Rel-12 UE
	Rel-13 LC UE
	Comment for field with reduced/eliminated range

	Hopping flag
	1 bit
	0 bit
	Frequency hopping is default

	RB Assignment
	10 bits
	0-3 bits
	Enumeration of 6 PRBs or implicitly determined PRB               (if block of 6 PRBs is implicitly determined from RA preamble)

	MCS
	4 bits
	0-3 bits
	Reduced MCS range or default MCS

	TPC command
	3 bits
	0 bits
	Msg3 Tx power derived from RA preamble Tx power

	UL delay
	1 bit
	0 bit
	No UL delay

	CSI-request
	1 bit
	0 bit
	No CSI multiplexing in Msg3

	TC-RNTI
	16 bits
	 0 or 16 bits 
	No TC-RNTI if no dynamic scheduling

	TA advance
	11 bits
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11 bits
	If 100 Km cells are not supported for Rel-13 low cost UEs  (considering 20 dBm PA or coverage enhanced operation)

	Reserved Bit
	1 bit
	0 bit
	Remove unnecessary bits for RAR

	Total
	48 bits
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11 – 33 bits
	30% - 
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77% size reduction


Figure 1 provides the BLER for 1 RAR message and for 4 RAR messages, for the Rel-12 RAR message size and for a compact RAR message size for Rel-13 low cost UEs, with and without repetitions. Turbo coding gains for larger TBS and use of single CRC result to a link gain of about 2 dB. Also, the inefficiency of turbo coding for small message sizes (convolutional coding can significantly outperform turbo coding for payloads less than 80 bits [6]) limits the gain for a single RAR message with compact size relative to the Rel-12 RAR size (0.4 dB less gain is achieved than if both message sizes were sufficiently large – convolutional coding would be preferable). It is also observed that 16 repetitions, combined with frequency hopping, are sufficient to achieve a 1% BLER for 4 RAR messages each with a compact message size of 38 bits (3 symbols per subframe were assumed for PDCCH – CRS was not boosted and inter-subframe CRS interpolation was not used for channel estimation – with CRS interpolation and/or boosting, 8 repetitions are expected to suffice).
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Figure 1: RAR BLER for legacy (56 bits) and compact (38 bits) message sizes.
Therefore, similar to reducing the DCI format size to reduce the associated number of required repetitions and UE power consumption, a RAR message to low cost UE operating with coverage enhancements (receiving repetitions of a RAR transmission) should not contain unnecessary field or fields with unnecessarily large number of bits.
Proposal 1: A RAR message for a Rel-13 low cost UE contains only information that is necessary for the Rel-13 low cost UE to transmit Msg3 with repetitions.
2.2 RAR/Msg3/Msg4 Repetition Level
Even if RAR is scheduled by M-PDCCH transmission in a CSS, there is no need to dynamically indicate the RAR repetition level as, assuming the M-PDCCH schedules RAR to a group of UEs having the same coverage enhancement level, the M-PDCCH repetition level would also need to be configured which is not possible. Therefore, it is sufficient to link the RAR repetition level for a group of UEs through a mapping in the SIB from the repetition level of the associated RA preamble.

Msg3 transmission parameters are scheduled by the UL DCI format functionality in the RAR message. One issue is whether the RAR message also conveys the repetition level for Msg3. In principle, although the two repetition levels can be different due to the different coverage enhancement required for the RA preamble and the Msg3, it is sufficient to link the repetition level for the Msg3 transmission to the repetition level of the associated RA preamble transmission. Although increasing the SIB contents should generally be avoided, it seems preferable in terms of total overhead to provide this link through a SIB rather than in each RAR transmission. In general, it is preferable to not fix by specifications the number of Msg3 repetitions (or RAR repetitions) based on the number of RA preamble repetitions in order to provide flexibility to a network in detecting at least the RA preamble (e.g. setting the false alarm probability, number of Tx/Rx antennas at eNB, etc.). Similar to RAR and to Msg3, the repetition level for Msg4 can be determined by the repetition level of the RAR (no signaling is needed in the RAR for Msg3 and/or Msg4 repetition level) which is in turn determined by the repetition level of the RA preamble.
Proposal 2: The repetition level for RAR, or Msg3 or Msg4 is determined from the repetition level of the associated RA preamble through a mapping provided in a SIB.
If contention resolution fails, the Rel-13 low cost UE can behave as a legacy UE and re-start the random access process by transmitting a new RA preamble. In case of operation with coverage enhancements, the back-off unit can be the number of subframes used to transmit the RA preamble for the respective coverage level. 

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 contains only information that is necessary for the Rel-13 low cost UE to transmit Msg3 with repetitions.
Proposal 2: The repetition level for RAR, or Msg3 or Msg4 is determined from the repetition level of the associated RA preamble through a mapping provided in a SIB.
Additionally, the following is observed.

Observation: It is preferable to maintain the Rel-12 mechanism where a PDSCH conveys RAR messages to a group of UEs.
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