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1. Introduction
In the RAN1#80 meeting, the follow agreements were achieved regarding PRACH or RAR for Rel-13 low complexity UEs and/or UEs in enhanced coverage [1]:

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
In this contribution, we share our views on potential impacts on RAR transmission/reception caused by preamble repetition from MTC UEs.
2. Discussion
Starting from the agreements achieved in the previous RAN1 meeting, preamble and RAR repetition and multiple PRACH repetition levels are supported in Rel.13 to facilitate the initial random access and coverage level identification.
In the current LTE specification, a UE expects to receive the random access response (RAR) during a time window after transmitting a preamble. When a preamble with repetition is transmitted by the UE, based on the current specification, the legacy RAR could be transmitted by the eNB. In this case, the UE needs to monitor for a possible legacy RAR during every possible time window after transmitting a preamble. UE monitoring behavior is also related to the preamble repetition interval, which may be decided by the specific PRACH resource configuration. If the coverage enhancement level is high, which means the number of repetitions is also high, the UE indeed needs to constantly monitor for legacy RAR during quite a long period. It should be noted that this resulting behavior is significantly power consuming, which is inconsistent with the spirit of Rel.13 MTC WI. On the other hand, it’s beneficial if the UE could monitor multiple windows for RAR with repetition, however, the corresponding impact on UE behavior need further evaluation.

To further illustrate the potential schemes of PRACH and RAR transmission, we give three examples:

In example 1 the MTC UE transmits all the preamble attempts in a row, and the eNB detects PRACH with possible combinations of previously received multiple preamble attempts. In each of the possible receiving windows, the UE will detect if there exists an expected RAR with RA-RNTI which is calculated based on the time/frequency resource of the last preamble attempt, or a preamble indicated explicitly/implicitly by the eNB.
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Figure 1 Continuous Multiple preamble and multiple RAR transmission
In example 2 the MTC UE transmits a preamble and waits for the RAR, and repeats until successful reception of the RAR. The eNB could combine the received multiple preamble attempts. It’s basically same as legacy system, but with a combination operation at the eNB side.
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Figure 2 Discontinuous Multiple preamble and multiple RAR transmission
In example 3 the MTC UE transmits multiple preamble attempts in a row, however, UE only detects in one receiving window to check if there are expected RAR with RA-RNTI which is calculated based on the time/frequency resource of the last preamble attempt, or the indicated preamble explicitly/implicitly by the eNB.
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Figure 3 multiple preamble and one RAR transmission
Therefore based on the above analysis,
Proposal 1: The details of RAR transmission and reception, in particular with respect to coexistence with legacy behaviors, should be further studied and the different options evaluated.
As we explained in previous examples, RA-RNTI calculation will be more complicated, when introducing preamble repetition, even with frequency hopping. The resource used for different preamble transmission will be different, which could result in different RA-RNTI if we stick on the principle of legacy design, which will consume a lot of power at the MTC UE side. In order to utilize PRACH combining gain and save MTC UE’s power, it’s necessary to define new RA-RNTI calculation. For example, in the figures above-mentioned, the RA-RNTI could be defined based on the time/frequency resource of the last preamble attempt, or the indicated preamble explicitly/implicitly by the eNB.
Proposal 2: The RA-RNTI calculation should be redefined to accommodate multiple preamble attempts with frequency hopping.
3. Conclusion
In this contribution, we share our general views on potential impacts on RAR caused by preamble repetition. Based on the analysis, we have the following proposals:
Proposal 1: The details of RAR transmission and reception, in particular with respect to coexistence with legacy behaviors, should be further studied and the different options evaluated
Proposal 2: The RA-RNTI calculation should be redefined to accommodate multiple preamble attempts with frequency hopping.
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