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1 Introduction
In RAN1#82bis, the following were agreed for RAR/Msg3 scheduling.

Agreement:

· Confirm working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· For PDSCH carrying MAC RAR (Msg2)

· The narrowband is indicated in the associated DCI

· For initial PUSCH carrying Msg3

· The narrowband is explicitly indicated in UL grant in RAR

This contribution considers the contents of the RAR, Msg3, and Msg4 for Rel-13 low cost UEs. The UL grant for RAR is considered in [1] while the M-PDCCH search space for RAR/Msg3/Msg4 is considered in [2].
2 RAR/Msg3/Msg4 
2.1 RAR Contents 
The RAR message structure/contents for a Rel-12 are shown in Figure 1 [3].
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Figure 1: MAC RAR Contents

Depending on the CE level of the associated RA preamble (i.e. similar to Mode A or Mode B), the UL grant can be associated with DCI M0A or DCI M0B. In the latter case, the UL grant size can be 12 bits and one octet (e.g. Oct 4) can be saved [1].

TC-RNTI is not needed for non-contention based RA. For contention based RA a TC-RNTI can be associated with a respective RA preamble. Explicit TC-RNTI indication is not necessary and the specifications can provide a 1-to-1 mapping between a RA preamble and a TC-RNTI. At most 64 TC-RNTIs need to be reserved. TC-RNTIs can be shared for different CE levels and do not reduce the number of available C-RNTIs. Therefore, the RAR message does not need to provide TC-RNTI and two octets (e.g. Oct 5 and Oct 6) can be saved.

The TA command does not need to be 11 bits as coverage for 100 Km cell size is not always necessary and/or feasible. For example, for typical cell sizes in the order of 0.5-1.5 Km as considered in most LTE evaluations, a 4-bit TA is expected to suffice. Then, the maximum TA value is 15, the maximum time alignment is NTA = 15 x 16Ts= 15 x 16/30720000 sec = 7.813 μs, and the maximum supported cell size is (3 x 108 x 7.813 x 10-6)/2 = ~1.2 Km. A cell can indicate whether the TA is 4 bits (reserved bit ‘R’ is removed) or 11 bits using 1 bit in a SIBbis. 
With the above simplifications to the RAR message, Figure 2 shows the reduced RAR message sizes. By removing fields that are not necessary to signal or by reducing their sizes, the RAR message size is reduced by 50% to 67% relative to the Rel-12 one. Without affecting any supported functionalities, this enables significant reductions in number of required repetitions for the PDSCH transmission conveying RAR MAC PDU, particularly considering that not even a single RAR message can be supported with 1% BLER for low cost UEs [4].  
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Figure 2: Reduced MAC RAR contents for no/small CE and for large CE
Proposal 1: A RAR message for a low cost UE does not include a TC-RNTI. Specify 1-to-1 mappings among RA preambles and TC-RNTIs.
Proposal 2: One bit in a SIBbis indicates whether the size of the TA field in the RAR message is 4 bits or 11 bits.

2.2 Msg3 Retransmissions
Scheduling aspects for Msg3 transmission and CSS for Msg3 retransmissions are considered in [1] and [2], respectively. One important remaining aspect is the CSS congestion for Msg3 retransmissions as a RAR MAC PDU can address multiple low cost UEs and several of them can require Msg3 retransmissions. Considering synchronous UL HARQ and absence of PHICH, multiple M-PDCCH transmissions to schedule Msg3 retransmissions in the same CSS (which may also be needed for Msg4 scheduling) may not be possible and then RA for some low cost UEs can fail. Even though different CSS (narrowbands) can be associated with different CE levels for respective RA preambles, considering the existence of legacy UEs and the existence of RRC configured DL resources (e.g. for SPS PDSCH or EPDCCH) a solution cannot rely on the availability of multiple narrowbands in a DL system bandwidth.

There are multiple ways to address the CSS congestion for Msg3 retransmissions. For low cost UEs requiring no/small CE, which are expected to be more numerous, may be delay sensitive, and due to mobility support may require more frequency RA, the UL delay field in the RAR UL grant should be maintained to serve the same purpose as in Rel-12 (its need is likely higher for low cost UEs). Assuming that the number of repetitions for an Msg3 transmission is indicated in the RAR UL grant, the eNB can avoid assigning same number of repetitions in case of multiple RAR messages in the RAR MAC PDU in order to avoid CSS congestion for Msg3 retransmissions (potentially, for some suboptimal UL resource utilization which should not be a problem as Msg3 transmissions are not frequent). 

Proposal 3: The UL delay field is maintained in the RAR UL grant associated with no/small CE. 

As implementation-based approaches have limitations, specification support can be provided. As a RAR MAC PDU essentially performs UE-group scheduling, HARQ-ACK can be provided for the group of UEs through a DCI format with same size as the DCI M1A or DCI M1B (depending on the CE level for the associated RA preamble). The location of the HARQ-ACK information in the DCI format is determined by the location of the respective RAR message in the RAR MAC PDU. It is of course up to the eNB implementation whether to perform adaptive or non-adaptive Msg3 retransmissions (i.e. whether to use a DCI conveying HARQ-ACK). The only UE complexity is an additional RNTI check. Specification support can also be provided by allowing ECCE aggregation levels smaller than 24 ECCEs to be used. Then, multiple timelines can be supported for the repetitions of the M-PDCCH transmission scheduling Msg3 retransmission and this can help alleviate CSS congestion. Nevertheless, this approach introduces more UE complexity than the use of a DCI format to provide HARQ-ACK for non-adaptive Msg3 retransmissions.
Proposal 4: Support transmission of a DCI format providing HARQ-ACK information to a group of UEs for respective Msg3 transmissions.  

2.3 HARQ-ACK Transmission for Msg4
A PUCCH resource for HARQ-ACK transmission in response to Msg4 and, considering the delay associated with application of RRC signalling at a UE, also in response to a PDSCH providing RRCConnectionSetup (if different than Msg4) can be determined either by signaling in RAR or by signaling is a SIBbis. Signaling is RAR is not beneficial due to the associated overhead in every RAR message (TBD, but likely to be several bits) given that dynamic adaptations to respective PUCCH resources are not necessary. 
In principle, there is no reason to signal the PUCCH resource with the RAR message. Similar to other PUCCH transmissions, a SIBbis can provide a narrowband and a starting offset for each PUCCH repetition number. The PUCCH repetition numbers have (at a minimum) a 1-to-1 association with the RA preamble repetition numbers. To save signaling overhead, the narrowband can be same for all PUCCH repetition numbers but the offsets are configured separately per repetition number (according to the RAN1#82 agreement). As it is not practically possible to multiplex in the same PRB pair HARQ-ACK transmissions from UEs requiring substantially different coverage enhancements (e.g. ~5 dB or more) in order to avoid near-far effect associated with timing errors, the resource offsets can be in units of PRBs. This can reduce SIBbis signaling overhead associated with PUCCH Format 1a configuration by up to 20 bits [5].  
Proposal 5: The same method applies for a UE to determine the PUCCH Format 1a resource in response to Msg4, PDSCH with RRCConnectionSetup, or PDSCH with data information after RRCConnectionSetup.  

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 low cost UE does not include a TC-RNTI. Specify 1-to-1 mappings among RA preambles and TC-RNTIs.
Proposal 2: One bit in a SIBbis indicates whether the size of the TA field in the RAR message is 4 bits or 11 bits.

Proposal 3: The UL delay field is maintained in the RAR UL grant associated with no/small CE. 

Proposal 4: Support transmission of a DCI format providing HARQ-ACK information to a group of UEs for respective Msg3 transmissions.  

Proposal 5: The same method applies for a UE to determine the PUCCH Format 1a resource in response to Msg4, PDSCH with RRCConnectionSetup, or PDSCH with data information after RRCConnectionSetup.  
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