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1. Introduction

Enhancement for machine type communication (MTC) has been considered in RAN1 for the work item “Further LTE physical layer enhancement for MTC” [1]. In Rel-13, the study in Rel-12 will be evaluated and further enhancement will also be investigated. Three major objectives of the Rel-13 work item “Further LTE physical layer enhancement for MTC” [1] are:
· Specify a new Rel-13 low complexity MTC UE
· Target a coverage improvement, corresponding to 15 dB for FDD, for the Rel-13 MTC UE
· Provide power consumption reduction for the Rel-13 MTC UE
During the past RAN1 meetings, the work item has been discussed and RAN1 has made some agreement regarding PRACH and RAR. There may have some impact on random access procedure currently specified in MAC specification. In this contribution, we would like to provide some viewpoints on the impact of random access procedure considering coverage improvement and RAN1 agreements.

2. Discussion
2.1   Preamble transmission

RAN1 made agreements [2] for PRACH as below:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported
· Repeating the existing preamble formats for PRACH enhancement
· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.
· Rel-13 low complexity UE can be identified by PRACH. 
· FFS for detailed indication method, e.g., Preamble and/or resource allocation.
RAN1 also made agreement [8] for UE complexity reduction as below:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Preamble selection
The legacy preamble sequences may be separated into two preamble groups, say group A and B. A UE determines from which group to select preamble for random access based on the potential message size and measured pathloss[3]. However, for a UE in coverage hole, i.e. needs coverage improvement, it is quite reasonable that the pathloss of such UE is too large to satisfy the threshold. The PUSCH coverage enhancement evaluation is conducted by several companies [7] and the result shows that more repetition times is needed for transmitting larger TB size to achieve coverage improvement target, which finally consumes more power.  Therefore, the legacy preamble group B is thus not expected to be used for the UE.
Observation 1: Determining preamble group based on potential message size and measured pathloss is not suitable for UEs operating coverage enhancement.
On the other hand, for low complexity UE, eNB needs to identify the capability of a UE for determining whether to transmit RAR via narrow band (E)PDCCH/PDSCH or not before eNB transmits RAR to the UE. Also, for UEs operating coverage enhancement, eNB may need to know estimated coverage enhancement level of the UE for determining the repetition level of RAR before RAR transmission. 
Regarding above possible cases, we observe that the preamble transmission can implicitly carry some necessary information for helping eNB to transmit RAR. And the information may be carried by preamble itself and/or the time/frequency resource used for preamble transmission. Since MAC layer is responsible for random access resource selection, we suggest RAN2 to study what information shall be provided through preamble grouping.
Proposal 1: Using preamble grouping to provide implicit information for UEs operating coverage enhancement and what information shall be provided is FFS.
Preamble transmission counter

In legacy preamble transmission, PREAMBLE_TRANSMISSION_COUNTER increments each time a preamble is considered to be transmitted and upper layer is alarmed when number of preamble transmission reaches a threshold, say preambleTransMax. For UEs operating coverage enhancement, according to the RAN1 agreement, multiple PRACH repetition levels are supported. It seems that preamble transmission will be extended such that the preamble is transmitted with repetitions and each transmission “attempt” consists of configured number of repetitions. However, for the initial random access procedure, there is yet no agreement made for starting repetition level. A UE may select a starting repetition level based on estimated radio condition or latest repetition level(s). 
If repetition is required for preamble transmission under coverage enhancement, the number of preamble transmission will become higher, and the maximum allowed number of preamble transmission may also depend on the required repetition level. Therefore, it may be more appropriate to count the number of preamble transmission in the unit of “attempt” instead of transmission. In other words, the PREAMBLE_TRANSMISSION_COUNTER increments for each preamble transmission attempt. 
Proposal 2: PREAMBLE_TRANSMISSION_COUNTER increments for each preamble transmission attempt.
2.2   Random Access Response

RAN1 made agreements [2] for RAR as below:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs
· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
Random access response size
A simulation result [4] shows that better BLER can be achieved if RAR message size is reduced given the same number of repetitions. Smaller RAR message size leads to less required number of repetitions at the same coverage enhancement level and hence save power consumption. In addition, Msg2 including a single RAR was proposed [5] not only to gain better BLER but also reduce the decoding complexity. In a sense, considering UEs operating coverage enhancement, it is beneficial to reduce RAR size. 
Currently, a MAC RAR CE includes the following fields: UL grant, timing advance command, and temporary C-RNTI. It seems possible to reduce the size of each field:

· UL grant: since coverage enhanced UEs may not need a UL grant with a large TB size, the size of UL Grant field can be reduced and removed, as discussed in [4] and [6], respectively. The actual reduction needs to be discussed in RAN1. 
· Timing advance command: based on the current MAC specification, a UE ignores the timing advance command if random preamble is used and timeAlignmentTimer is running. Therefore, it is possible to reduce time advance command field at least for the UE that still maintains its TA. Moreover, if UE’s TA really needs to be adjusted, it can also be provided later via Timing Advanced Command MAC CE. 
· Temporary C-RNTI: based on the current specifications, temporary C-RNTI is used for addressing Msg3 and promotion to C-RNTI for UEs having no C-RNTI. For UEs already having a valid C-RNTI, if we can design a mechanism to (blindly) decode Msg3, this temporary C-RNTI can be removed since it is only for addressing Msg3. In addition, if random access procedure is triggered by PDCCH order which is carried by DCI format 1A and scrambled by UE’s C-RNTI, the temporary C-RNTI will not be used by the UE. Therefore, the removal of temporary C-RNTI field can also be considered. 
In our view, it is beneficial to design compact RAR format(s) for Rel-13 MTC UE. Therefore, RAN2 is suggested to investigate the content of RAR message and design compact RAR format(s) and applicable scenarios.
Proposal 3: RAN2 is suggested to design compact RAR format(s), e.g reduce TA command and/or Temporary C-RNTI, and applicable scenarios.
3. Conclusion

This contribution provides several considerations on random access procedure for Rel-13 low complexity UEs and UEs operating coverage enhancement. Three proposals are as below:
Observation 1: Determining preamble group based on potential message size and measured pathloss is not suitable for UEs operating coverage enhancement.
Proposal 1: Using preamble grouping to provide implicit information for UEs operating coverage enhancement and what information shall be provided is FFS.
Proposal 2: PREAMBLE_TRANSMISSION_COUNTER increments for each preamble transmission attempt.
Proposal 3: RAN2 is suggested to design compact RAR format(s), e.g. reduce TA command and/or Temporary C-RNTI, and applicable scenarios.
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