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1 Introduction
In this contribution we will discuss what aspects of the random access procedure and the related messages need to be considered, in order to meet the objectives for the Rel-13 work item “Further LTE Physical Layer Enhancements for MTC” [1]. In particular, the objectives are: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs.
We will first present and overview of the current status of random access procedure for Rel-13 low complexity (LC) and/or coverage enhanced (CE) UEs. We will give an overview how the procedure would work together with possible message repetitions for Rel-13 LC/CE UEs including proposals on some configuration aspects. 
2 Random access procedure
2.1 Preamble transmission
The contention-based random access procedure starts with random access preamble transmission from the UE to eNB. For coverage enhanced UEs the existing preambles formats are repeated in time to achieve different levels of coverage enhancement up to the maximum design target. On the initial preamble transmission over PRACH, RAN1 has agreed on the following [2]:
· There is one to one mapping between the used PRACH resource set and the PRACH repetition level.
· Multiple attempts are allowed for each PRACH repetition level.
· The number of attempts is configurable; the number of attempts per coverage level can be different. 
· Specified maximum number of levels is 3 (this doesn’t include the normal coverage case where the preamble is not explicitly repeated). 
The PRACH preamble transmissions for coverage enhanced UEs should be able to co-exist within the same PRACH physical resources of transmissions of normal coverage and legacy UEs. Additionally, it has been agreed [3] that optionally new time/frequency resources can be allocated for PRACH. It can be assumed that the UE selects the preamble sequence based on some predefined rule.
Additionally, for low complexity UEs, it has been agreed [RAN1#79] that

· Low complexity UEs should be identifiable by the PRACH preamble.
As a consequence, the eNB should be able to detect if the UE is a low complexity UE and/or in coverage enhancement based on PRACH preamble and/or the used physical resources. 
Observation 1 Low complexity UEs in normal coverage and coverage enhanced UEs corresponding to each coverage level are identified from PRACH, from the used preamble sequence and/or the used physical resources. 
RAN1 has not yet decided if power ramping or maximum power is used within each of the repetition levels [2]. The following list includes the aspects which need to be configured or specified for the UE to be able send the PRACH preamble properly: 
(1) PRACH coverage level selection criterion, for example, based on measured RSRP levels or some other alternative [2].

(2) PRACH resource set used for each repetition level and low complexity/normal coverage UEs.

(3) PRACH repetition levels (i.e., number of preamble time repetitions used).

RAN1 has already agreed that maximum number of coverage levels is 3. To account for different possible eNB configurations, the details of coverage level selection, resource set and repetition factor to be used should be configurable and thus signalled in system information for the UE to be able to access the system.
Proposal 1 Introduce the following in system information broadcast for PRACH for Rel-13 LC/CE UEs: 1. PRACH coverage level selection criterion 2. PRACH resource set and 3. PRACH repetition factor per coverage level.
2.2 RAR transmission
The second step in the random access procedure is sending random access response (RAR) message from eNB to UE. 
RAN1 has made the following agreements on RAR reception [2]:

· If UE does not receive a RAR after the allowed number of (preamble transmission) attempts, it moves to the next higher repetition level. 

· FFS: UE behaviour when UE receives RAR, but fails contention resolution.
And [5]:

· RAR 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 message is intended for Rel-13 low-complexity UEs and/or UEs operating in coverage enhancement can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.
After the initial preamble transmission and successful reception by the eNB, the eNB sends the random access response (RAR). The RAR message definition [3] may require some changes to account for Rel-13 low complexity and/or coverage enhanced UEs. RAR is repeated by the eNB, the number of repetitions depends on the configuration.
Currently RAR is indicated on PDCCH using RA-RNTI which is calculated using the time and frequency resources used for the PRACH transmission. Considering that Rel-13 low complexity UEs should be able to operate within any system bandwidth [1], it is not possible to schedule these reduced bandwidth UEs similar to the legacy UEs.

Observation 2  It is not possible to schedule RAR messages for Rel-13 low complexity UEs using legacy RA-RNTI indicated PDCCH.

Rel-13 LC/CE UEs need to know the RAR repetition level and the location of the group of 6 PRBs it is supposed to monitor. 
There are at least four options on which group of 6 PRBs the RAR message is sent: 

(1) Fixed location, e.g., in the center 6 PRBs, 

(2) predefined location, e.g., derived from the used PRACH preamble sequence,
(3) semi-static location, e.g., signalled in the system information or
(4) dynamically scheduled location.

PDCCH will not be received by the Rel-13 LC/CE UEs, thus RAR needs to be scheduled using a physical downlink control channel for LC/CE UEs (such as EPDCCH) or without using a physical control channel at all. Scheduling RAR with a physical control channel would add control signalling overhead, exact amount depending on amount of repetitions required for the coverage enhancement. Further, using a control channel would increase the UE power consumption and lead to additional delay in the random access procedure.  
As shown in [4], with the more static configuration options the blocking probability will be higher. Similarly for a possible control channel: If a physical control channel is used to schedule RAR, it should be dynamically allocated between the PRB groups to avoid blocking. Instead of defining a selection criterion for the control channel location, the location of RAR itself should be directly derived in a way making a physical control channel unnecessary for RAR transmission. For example, the location of RAR and the number of repetitions used could be derived from the used preamble sequence. The parameters of such mapping should be signalled in system information. 
The timing of the RAR transmission can be similar to legacy, that is, the UE listens for the start of RAR during RA response window which starts at the end of preamble transmission plus three subframes. Today the UE monitors RAR over the ra-ResponseWindowSize subframes. However, it can be expected that for LC/CE UEs, receptions takes longer than the window size.
Proposal 2 RAR location and repetition factor is derived through the used PRACH preamble sequence.

Proposal 3 No physical control channel, such as EPDCCH, is used to transmit/receive RAR message.

Proposal 4 RAR repetition factor related information is provided in system information broadcast. 
Proposal 5 RAR repetitions are started during the RA response window defined in [3] but may last longer.

2.3 Msg3 and Msg4
After RAR, UEs, which have successfully received the RAR, transmit Msg3 containing the UE identity used for contention resolution and layer 2/ 3 signalling message, such as RRC connection request, tracking area update etc. The uplink grant for Msg3 is currently included in RAR. A similar scheme can be envisioned for the Rel-13 low complexity and coverage enhanced operation as well, where the uplink grant for Msg3 could additionally include the repetition factor. This factor could be derived from the RAR repetition factor or used initial preamble sequence. However, it is not certain at the moment if the repetition factor will be included in the DCI for uplink grants or downlink allocations. One goal is to keep DCI small to have as robust control signalling as possible. Thus, the exact contents of the RAR message require further study.
Another alternative would be to define repetition factor in system information, but that would increase the size of system information and reduce the flexibility of the scheduling. HARQ is used for Msg3 and subsequent messages, and we have not seen reasons to deviate from this scheme. 
Observation 3 Exact contents and size of RAR for Rel-13 LC/CE UEs should be studied further. The repetition factor for Msg3/Msg4 and related physical control channel(s) could be included in RAR. 

Proposal 6 As a working assumption, uplink grant in RAR is used for Msg3 for Rel-13 low complexity and coverage enhanced UEs.

Proposal 7 Support HARQ with repetitions for all unicast transmissions after RAR. 

After Msg3, the eNB replies with Msg4, which is the final message in the initial random access procedure resolving possible contention. Msg4 is a unicast transmission, currently scheduled by giving a downlink allocation on a control channel, thus it is expected that a physical downlink control channel will be used for cross-subframe scheduling of Msg4 for UEs using repetitions for coverage enhancement.  Similar to Msg3, the following options could be used to signal the repetition factor for Msg4 (and further):
· Downlink allocation on physical control channel.
· Derive from Msg3 or RAR repetition factor.
· Include repetition factor in RAR.
Observation 4 Repetition level for subsequent messages after Msg3 could be included in the downlink or uplink control information, in RAR, or derived from repetition factors of earlier messages.

Proposal 8 Repetition levels after Msg3 are not broadcasted in system information.

3 Conclusion

In this contribution we have looked at how the random access procedure is going to work for Rel-13 low complexity and/or coverage enhanced UEs. 
In section 2 we made the following observations:
Observation 1
Low complexity UEs in normal coverage and coverage enhanced UEs corresponding to each coverage level are identified from PRACH, from the used preamble sequence and/or the used physical resources.
Observation 2
It is not possible to schedule RAR messages for Rel-13 low complexity UEs using legacy RA-RNTI indicated PDCCH.
Observation 3
Exact contents and size of RAR for Rel-13 LC/CE UEs should be studied further. The repetition factor for Msg3/Msg4 and related physical control channel(s) could be included in RAR.
Observation 4
Repetition level for subsequent messages after Msg3 could be included in the downlink or uplink control information, in RAR, or derived from repetition factors of earlier messages.


Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce the following in system information broadcast for PRACH for Rel-13 LC/CE UEs: 1. PRACH coverage level selection criterion 2. PRACH resource set and 3. PRACH repetition factor per coverage level.
Proposal 2
RAR location and repetition factor is derived through the used PRACH preamble sequence.
Proposal 3
No physical control channel, such as EPDCCH, is used to transmit/receive RAR message.
Proposal 4
RAR repetition factor related information is provided in system information broadcast.
Proposal 5
RAR repetitions are started during the RA response window defined in [3] but may last longer.
Proposal 6
As a working assumption, uplink grant in RAR is used for Msg3 for Rel-13 low complexity and coverage enhanced UEs.
Proposal 7
Support HARQ with repetitions for all unicast transmissions after RAR.
Proposal 8
Repetition levels after Msg3 are not broadcasted in system information.
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