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1 Introduction
In RAN2#90 it was agreed that 

1
In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage). 

2
UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).

In RAN1 #81, the following has been agreed for RAR transmission for MTC UE [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

2 Discussion
2.1 PRACH 
Two options have been discussed for PRACH transmission power allocation in a CE mode such as 

· Always transmit at maximum UE power 

· Transmit power determined based on pathloss estimation. 

Assuming that a new UE power class is used for Rel-13 low complexity UE such as 20dBm, the required maximum coverage enhancement level is approximately 17dB. Furthermore, RAN1 has also agreed to support up to 3 CE levels for PRACH coverage enhancement. From the agreements, the coverage enhancement level granularity could be 5dB or larger if less than 3 CE levels are configured. 
Considering that the downlink measurement accuracy could be reasonably good especially in lower CE level, the option of always transmitting at maximum power doesn’t seem to be an energy efficient way as it can waste more than 5dB.  This may result in unnecessary UE power consumption as well as near-far impact within the same CE level. Moreover, the subsequent RACH msg3 transmissions will be also based on the coverage level detected from the RACH msg1, thus the waste may not be limited to only PRACH preamble transmission. Therefore, in order to minimize unnecessary UE power consumption and avoid near-far impact within the same CE level, the power control should be used for PRACH preamble transmission at least for a low CE level.

Proposal 1 Power control should be used for PRACH preamble transmission at least for a lower CE level 
Assuming that the power control is used for a CE mode, the existing PRACH power ramping UE behaviour can be simply reused if a UE doesn’t receive the corresponding RAR within the RAR window after a PRACH preamble transmission until it reaches to the maximum number of preamble transmissions for a certain CE level. 

Proposal 2 Power ramping is used within the maximum number of preamble transmissions configured for a CE level.

The PRACH resource set, its associated number of repetitions, and maximum number of attempts are configured per CE level. Given that the PRACH preambles are transmitted with repetitions over multiple subframes in CE mode, the starting subframe of the repetitions should be known to UE for each CE level (e.g., provided in SIB).
Proposal 3 Starting subframe of PRACH repetition for each CE level should be known to UE and provided in SIB.

2.2 RAR
RAN1 has agreed that in one of the allowed options, multiple UEs can be multiplexed in a single RAR message.  

It should be noted that the MAC RAR message per UE can take up to 56 bits.  That means that with a maximum size of 1000bits, up to 17 UEs can be multiplexed in one RAR message.   We think that this number can be acceptable.   

However, if this is not considered sufficient or if some optimizations on the content of the RAR are required (to reduce overhead), then given that the RAR for Rel-13 MTC UE won’t be multiplexed with the RAR for other UEs, a new RAR format could be used without any backward compatibility issue. 

If deemed necessary, a compact RAR may be used for Rel-13 MTC UE by removing unnecessary RAR field or downsizing some RAR fields based on the limited capability of the Rel-13 MTC UE. For example, the RAR message field includes uplink resource allocation such as RB assignment and MCS which may be optimized as the resource allocation will be limited to a contiguous 6 PRBs and the restricted modulation order and TBS could be used as well. 

Proposal 4 RAR contents could be optimized for MTC UE
The UE uses the UL grant received in the RAR to determine the transmission parameters of msg3.  In addition, to the usual transmission parameters, the UE also needs to determine the repetition level to use for msg3.  This can either be statically configured in the system information for each CE level, or it may be provided to the UE as part of the UL grant information in the RAR.  We think that the network should have the flexibility to control the repetition level of the UE in a more dynamic manner by including it in the RAR.

Proposal 5 The repetition level to be used for msg3 should be included in the UL grant in the RAR.  

If the associated DL control channels for two or more RARs for multiple CE levels configured are transmitted in the same time/frequency location, a different RA-RNTI may need to be used for each CE level. The RA-RNTI for CE levels may be determined based on the time/frequency location of the PRACH resource associated with CE level. Since the repetition is used for PRACH preamble transmission, the first subframe within the PRACH repetition window may be used to determine the RA-RNTI.  
Proposal 6 RA-RNTI is determined based on the first subframe of the PRACH repetition window and a different RA-RNTI is used for each CE level

Given that the repetitions are used for RAR transmission for a UE in enhanced coverage, the RAR window should be longer as the maximum RAR window is 10 subframes with existing configuration. The configured RAR window can be simply extended based on the number of repetitions so that a UE may receive the coverage enhanced RAR within the extended window.   
Proposal 7 RAR window length is extended based on the number of repetitions in a CE level
Similar to the RAR window length the contention resolution timer should also take into account the number of repetitions. 

Proposal 8 ContentionResolutionTimer is extended based on the number of repetitions in a CE level

3 Conclusion

Proposal 9 Power control should be used for PRACH preamble transmission at least for a lower CE level 
Proposal 10 Power ramping is used within the maximum number of preamble transmissions configured for a CE level.

Proposal 11 Starting subframe of PRACH repetition for each CE level should be known to UE and provided in SIB.

Proposal 12 RAR contents could be optimized for MTC UE
Proposal 13 The repetition level to be used for msg3 should be included in the UL grant in the RAR.  

Proposal 14 RA-RNTI is determined based on the first subframe of the PRACH repetition window and a different RA-RNTI is used for each CE level

Proposal 15 RAR window length is extended based on the number of repetitions in a CE level

Proposal 16 ContentionResolutionTimer is extended based on the number of repetitions in a CE level
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