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1 Introduction
 In RAN1#80 [1], followings are agreed regarding PRACH transmission for MTC UE:
 Agreements:
· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
· Prepare draft LS to RAN4 (cc: RAN2) until Thursday to inform above agreements and ask questions about measurement – Matthew (Huawei) and Johan (Ericsson)

· Question: RAN1is considering several approaches for selecting PRACH repetition level. One approach is based on RSRP measurement, and another approach is based on RSRP measuemrent and PSS/SSS detection time.  RAN1 requests RAN4 to feedback on the possibility of distinction of non-coverage enh. and coverage enh. of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enh.), for example, using RSRP measurement depending on coverage level. 

Working assumption:
· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode
· Details FFS
This contribution continues to discuss issues on PRACH transmission in details including RACH procedure/configuration, frequency hopping, power ramping, and backoff delay. 
2 RACH procedure
During RACH procedure, subsequent transmission of four messages is performed between UE and eNB: PRACH as first transmission (UE to eNB), RAR as second transmission (eNB to UE), Msg3 as third transmission (UE to eNB), and Msg4 as fourth transmission (eNB to UE). 
For Rel-13 MTC UE, it needs to carefully decide whether indication field for RAR CE level presents in DCI associated with RAR or not, and how to allocate resources for RAR transmission. First of all, to utilize multiple CE levels for RAR transmission, it can be considered that the CE level of RAR can be determined by PRACH transmission by using CE level used for the relevant PRACH transmission. If control channel is used for RAR transmission, the repetition level used for RAR can be indicated by DCI. Another approach is to implicitly map the coverage enhancement level of PRACH to the repetition level of RAR. It can be considered that RAR resource including RA-RNTI can be determined by PRACH CE level and/or resources. 
Proposal 1: Coverage enhancement level used for PRACH transmission is used for determination of RAR resource including RA-RNTI. 

After RAR successful reception, UE is supposed to transmit Msg3 to eNB. In case of Msg3, it seems natural to link the CE level of Msg3 to PRACH CE level. If necessary, it can be considered to introduce RAR indication for the CE level of Msg3. For Msg4, if control channel is used for Msg 4, repetition level can be indicated by DCI. Or, repetition level used for PRACH can be used to determine the repetition level of Msg 4. 
Proposal 2: Repetition level of Msg 3 is implicitly determined by PRACH repetition level. If needed, dynamic indication from RAR can be considered. 
After RAR detection, UE can apply backoff delay for PRACH retransmission. The value of backoff delay is initially set to 0, and RAR can update the value of maximum backoff delay (indicated by Backoff Parameter Value) for the subsequent PRACH retransmission. Based on the backoff parameter in the UE, UE selects a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value. However, range of current Backoff Parameter Value and step of random backoff time would not be effective to avoid collisions between different PRACH preambles due to the large number of repetition. Therefore, it is necessary to consider repetition level or the number of repetitions for one PRACH transmission to choose random backoff time. For example, simply, randomly chosen value for backoff time can be adjusted by multiplying predefined value depending on repetition level. 
Proposal 3: Backoff delay can be determined based on repetition level or the number of repetitions for one PRACH transmission. 
3 PRACH repetition configuration

In the last meeting, it was agreed to allow the case where multiple trials or attempts occur per each CE level. In this case, the remaining issue is how to define the number of attempts per each CE level. One approach is that the number of attempts per each CE level is set to prefixed value. This approach could be beneficial in terms of eNB complexity and signaling overhead. The other approach is to allow configurability on the number of attempts per each CE level. In this case, it would be possible to optimize the number of attempts based on the configured number of PRACH repetition in the expense of signaling overhead. Given that possibly extensive configuration parameters for RACH procedure (e.g., resource set for each repetition level, resource configuration for RAR, etc.) could be needed, further investigation on trade between signaling overhead and potential benefits would be necessary. 
Proposal 4: It is necessary to further investigate on configurability of the number of attempts per each CE level. 
Even though UE successes RAR reception within RAR window, PRACH can be retransmitted when the UE fails to receive Msg4 or the contention resolution process is failed. In this case, unlike PRACH retransmission due to RAR reception failure, it can be expected that the CE level of the recently transmitted PRACH is high enough. In that point of view, it can be considered to differentiate the UE behavior of these kinds of PRACH retransmission from the case where PRACH is retransmitted after RAR reception failure within RAR window. For instance, it can be considered to preserve the CE level for PRACH retransmission if UE successes to the corresponding RAR reception even if the PRACH is (re)transmitted more than the configured number of attempts per CE level for PRACH transmission. 

Proposal 5: It can be considered to differentiate the UE behavior for the CE level of PRACH retransmission between due to RAR reception failure and due to contention resolution failure. The detailed behavior is FFS. 
If a UE changes center frequency within the overall system bandwidth, it is necessary to consider retuning process/time. In other words, frequency hopping within PRACH repetition can cause large number of retuning processes which can result in large latency, additional power consumption for retuning process, and/or degradation on spectral efficiency for PRACH repetition depending on the required frequency retuning time. Regarding simulation results in [2], the performance difference between subframe-level and frame-level frequency hopping for PRACH repetition is marginal. In general, since the received power of each PRACH transmission for enhanced coverage UEs would be small, it could be better to accumulate multiple PRACH repetition transmitted in the same frequency to average thermal noise. In those points of view, even if frequency hopping is introduced for PRACH repetition, it can be considered that the unit of hopping pattern for PRACH repetition is multiple subframes rather than single subframe. 
Proposal 6: If frequency hopping is applied, it is necessary to define the unit of frequency hopping for PRACH repetition to be multiple preamble transmissions rather than single preamble transmission. 
Lastly, regarding power ramping, moving to the next repetition level without intermediate power ramping i.e., use UE maximum power for each PRACH can increase total PRACH power from repeated PRACH transmissions suddenly from one level to another. With multiple attempts per repetition level, power ramping can be considered to gradually increase the total power from the repeated PRACH transmission. 
Proposal 7: Power ramping for PRACH retransmission can be considered to gradually increase the total power across different CE levels for PRACH transmission when multiple attempts per repetition level is configured. 
4 Conclusions

This contribution discussed PRACH design for Rel-13 MTC UEs. The followings are the proposals. 

Proposal 1: Coverage enhancement level used for PRACH transmission is used for determination of RAR resource including RA-RNTI. 

Proposal 2: Repetition level of Msg 3 is implicitly determined by PRACH repetition level. If needed, dynamic indication from RAR can be considered. 
Proposal 3: Backoff delay can be determined based on repetition level or the number of repetitions for one PRACH transmission. 
Proposal 4: It is necessary to further investigate on configurability of the number of attempts per each CE level. 
Proposal 5: It can be considered to differentiate the UE behavior for the CE level of PRACH retransmission between due to RAR reception failure and due to contention resolution failure. The detailed behavior is FFS. 
Proposal 6: If frequency hopping is applied, it is necessary to define the unit of frequency hopping for PRACH repetition to be multiple preamble transmissions rather than single preamble transmission. 
Proposal 7: Power ramping for PRACH retransmission can be considered to gradually increase the total power across different CE levels for PRACH transmission when multiple attempts per repetition level is configured. 
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