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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. 

[bookmark: _Ref416460562]Random access procedure
According to the WI objectives, Rel-13 introduces both low complexity UEs and possibility to use coverage enhancements for both low complexity and “normal” UEs. For Rel-13 UEs having/using either of these features, to achieve commonality, we propose that the random access procedure is the same. Note that for low complexity UEs not requiring coverage enhancements, it might be still necessary to repeat at least some of the messages to account for reduced capabilities such as one reception antenna.

[bookmark: _Toc419130076][bookmark: _Toc419457486][bookmark: _Toc419497489][bookmark: _Toc419506001][bookmark: _Toc419506012][bookmark: _Toc427056205][bookmark: _Toc427246817][bookmark: _Toc427330080][bookmark: _Toc427349483]Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources introduced for Rel-13 low complexity UEs in enhanced coverage.

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],[9]:
· 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).
· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

The PRACH preamble transmissions for coverage enhanced UEs should be able to co-exist within the same PRACH physical time/frequency resources of transmissions of normal coverage and legacy UEs (separation between different UEs is achieved by using different PRACH preamble sequences). Additionally, it has been agreed [3] that optionally new time/frequency resources can be allocated for PRACH. The maximum number of frequency resources used for PRACH in a subframe is not decided yet [9].  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 [7] 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 sequence and/or the used physical resources. Figure 1 shows an example of how the random access procedure could work for low complexity UEs or UEs using coverage enhancements. UE selects the number of PRACH repetitions,  using an agreed mechanism. Based on this, the UE determines the possible PRACH resources and selects one preamble sequence to be transmitted.

[bookmark: _Toc419122850][bookmark: _Toc419126701][bookmark: _Toc419457481][bookmark: _Toc419497483][bookmark: _Toc419505983][bookmark: _Toc427056197][bookmark: _Toc427246809][bookmark: _Toc427330072][bookmark: _Toc427349477]eNB can use the detected PRACH preamble sequence to identify low complexity UEs.
[bookmark: _Toc419122851][bookmark: _Toc419126702][bookmark: _Toc419457482][bookmark: _Toc419497484][bookmark: _Toc419505984][bookmark: _Toc427056198][bookmark: _Toc427246810][bookmark: _Toc427330073][bookmark: _Toc427349478]eNB can identify the enhanced coverage UEs, that is, PRACH repetition level, through the used PRACH resources.

RAN1 has not yet decided if power ramping or maximum power is used within each of the repetition levels []. 
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. 
(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).
(4) Number of attempts for PRACH preamble per coverage level.
RAN2 has agreed on the following so far [RAN2#90]:
· eNB provides in SIB a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage).
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).

Additionally configuration for the repetition level selection criteria (pending RAN4 and RAN1 confirmation, [RAN1#81]) and the maximum number of allowed PRACH transmissions per coverage level should be signalled. 

[bookmark: _Toc427246818][bookmark: _Toc427330081][bookmark: _Toc427349484][bookmark: _Toc416385022][bookmark: _Toc416385405][bookmark: _Toc416385998][bookmark: _Toc416386061][bookmark: _Toc416460541][bookmark: _Toc416460958][bookmark: _Toc416461949][bookmark: _Toc416479583][bookmark: _Toc416479591][bookmark: _Toc419122833][bookmark: _Toc419126706][bookmark: _Toc419130077][bookmark: _Toc419457487][bookmark: _Toc419497490][bookmark: _Toc419506002][bookmark: _Toc419506013][bookmark: _Toc427056206]In addition to PRACH resource sets and corresponding repetition factor, system information for Rel-13 LC/CE UEs should include 1. PRACH coverage level selection criterion and 2. number of maximum preamble transmission attempts per coverage level. 
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[bookmark: _Ref418863967]Figure 1. Example of random access procedure with coverage enhancements. Different repetition levels, , need to be determined via predefined procedures, possibly partly defined using system information. For simplicity there is no separate notation for M-PDCCH repetition factors in this figure.

[bookmark: _Ref416267312]RAR transmission
The second step in the random access procedure is sending random access response (RAR) message from eNB to UE. 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.

RAN1 has made the following agreements on RAR reception [2], [8], [9]:
· RAR messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR messages for other UEs.
· RAR message 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.
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· When UE receives RAR but fails contention resolution the UE uses its current PRACH preamble repetition level until it reaches the maximum number of PRACH preamble attempts for that level.
· If UE does not receive a RAR after the allowed number of (PRACH preamble transmission) attempts, it moves to the next higher PRACH preamble repetition level. 
[bookmark: _Toc415584569][bookmark: _Toc415584582][bookmark: _Toc415584869][bookmark: _Toc415585841]
The following options have been discussed in RAN1 for scheduling RAR: 
(1) M-PDCCH scheduled PDSCH which carries the RAR message.
(2) M-PDCCH DCI carrying the RAR message.
(3) M-PDCCH-less PDSCH carrying the RAR message.

Using separate M-PDCCH and PDSCH transmissions with repetitions for RAR would result in higher total radio resource consumption compared to either M-PDCCH carrying RAR or M-PDCCH-less operations. Both options (2) and (3) can be further configured using similar method, e.g., deriving the used resources for these transmissions through the used preamble transmission resources. 
The current RAN1 working assumptions [RAN1#81] use M-PDCCH for either carrying (single MAC RAR) or scheduling a PDSCH (multiple MAC RARs) RAR transmission. In this case, a further RAN1 agreement says that UE can derive the starting location and frequency resources used for the M-PDCCH through the used PRACH resources. 

[bookmark: _Toc427056200][bookmark: _Toc427246811][bookmark: _Toc427330074][bookmark: _Toc427349479]Working assumption: M-PDCCH is used for carrying or scheduling RAR transmission.
[bookmark: _Toc427056201][bookmark: _Toc427246812][bookmark: _Toc427330075][bookmark: _Toc427349480]Working assumption: M-PDCCH repetition factor is based on the latest PRACH preamble. 
[bookmark: _Toc427056202][bookmark: _Toc427246813][bookmark: _Toc427330076][bookmark: _Toc427349481]M-PDCCH starting time is based on the most recent PRACH resource set.


[bookmark: _Toc419122836][bookmark: _Toc419126709][bookmark: _Toc419130080][bookmark: _Toc419457490][bookmark: _Toc419497493][bookmark: _Toc419506005][bookmark: _Toc419506016][bookmark: _Toc427056209][bookmark: _Toc427246819][bookmark: _Toc427330082][bookmark: _Toc427349485]Confirm the following RAN1 agreement: RAR location and repetition factor (either using PDSCH or M-PDCCH) are derived through the used PRACH resources.

The timing of the RAR transmission can be similar to legacy, that is, the UE monitors for RAR during RA response window which starts at the end of preamble transmission plus 3 subframes and lasts for  RAR transmission opportunities. Today the UE monitors RAR over the ra-ResponseWindowSize subframes. The response window duration will stretch beyond the current maximum of 10 subframes for UEs in enhanced coverage. The size of the window could depend on the number of repetitions used, e.g., for RAR repetition factor  the duration of the window should be  subframes. Then a UE would monitor for RAR during the window, where possible opportunities for RAR repetitions would occur every R subframes.
 
[bookmark: _Toc419457493][bookmark: _Toc419497495][bookmark: _Toc419506007][bookmark: _Toc419506018][bookmark: _Toc427056210][bookmark: _Toc427246820][bookmark: _Toc427330083][bookmark: _Toc427349486]RA response window duration is extended for Rel-13 UEs using coverage enhancements based on the RAR repetition factor.

Lower layers maps the MAC RAR to the used physical channels. Thus from RAN2 point of view the legacy MAC RAR format can be used, if RAN2 sees no need to update the structure.

[bookmark: _Toc427056211][bookmark: _Toc427246821][bookmark: _Toc427330084][bookmark: _Toc427349487]Legacy MAC RAR format is used for Rel-13 LC and CE UEs. 


[bookmark: _Ref415583293]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 etc. HARQ is used for Msg3 and subsequent messages, and we have not seen any reason to deviate from this scheme. The current agreement from RAN1 says that the data channel repetition factor is signalled in DCI and selected from a set of repetition factors configured by upper layers [RAN1#81]. However, the repetition factors for Msg3 and Msg4 cannot rely on dedicated RRC configuration as it would not be available yet. A nonadaptive option would be to fix these factors in the specifications. 
The uplink grant for Msg3 is currently included in RAR. A similar scheme can be envisioned for the Rel-13 LC/CE UEs, where the uplink grant for Msg3 could additionally include the repetition factor. This factor could also be derived from the used PRACH resource set and repetition level. See Figure 1. The exact contents of Msg3 grant are up to RAN1 to decide. 
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 and controlling the number of used repetitions. Thus, to maintain similarity with the existing behaviour, we prefer to signal the repetition factor for Msg3 transmission, in the UL grant included in RAR. 

[bookmark: _Toc415584571][bookmark: _Toc415584584][bookmark: _Toc415584872][bookmark: _Toc415585843][bookmark: _Toc416173961][bookmark: _Toc416267707][bookmark: _Toc416377586][bookmark: _Toc416378416][bookmark: _Toc416385026][bookmark: _Toc416385409][bookmark: _Toc416386002][bookmark: _Toc416386065][bookmark: _Toc416460546][bookmark: _Toc416460963][bookmark: _Toc416461954][bookmark: _Toc416479588][bookmark: _Toc416479596][bookmark: _Toc419122839][bookmark: _Toc419126712][bookmark: _Toc419130083][bookmark: _Toc419457494][bookmark: _Toc419497496][bookmark: _Toc419506008][bookmark: _Toc419506019][bookmark: _Toc427056212][bookmark: _Toc427246822][bookmark: _Toc427330085][bookmark: _Toc427349488]Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

[bookmark: _Toc415584572][bookmark: _Toc415584585][bookmark: _Toc415584873][bookmark: _Toc415585844][bookmark: _Toc416173962][bookmark: _Toc416267708][bookmark: _Toc416377587][bookmark: _Toc416378417][bookmark: _Toc416385027][bookmark: _Toc416385410][bookmark: _Toc416386003][bookmark: _Toc416386066][bookmark: _Toc416460547][bookmark: _Toc416460964][bookmark: _Toc416461955][bookmark: _Toc416479589][bookmark: _Toc416479597][bookmark: _Toc419122840][bookmark: _Toc419126713][bookmark: _Toc419130084][bookmark: _Toc419457495][bookmark: _Toc419497497][bookmark: _Toc419506009][bookmark: _Toc419506020][bookmark: _Toc427056213][bookmark: _Toc427246823][bookmark: _Toc427330086][bookmark: _Toc427349489]Support HARQ with repetitions for all unicast transmissions after RAR. 

Additionally the M-PDCCH repetition factor needs to be configured in order to receive the possible feedback for the Msg3 transmission. The same options listed above for actual Msg3 repetition factor are possible, i.e., 1) Signal in UL grant (in RAR) 2) derive from PRACH or RAR repetition factor 3) broadcast in SI or 4) fix in the specifications. 

[bookmark: _Toc427246815][bookmark: _Toc427330078][bookmark: _Toc427349482]M-PDCCH repetition factor for Msg3 retransmissions could be defined using the same method as Msg3 repetition factor. 

Note that if HARQ is used for Msg3 transmission, then possible repetition factor for retransmissions may be the same as the initial transmission or derived from that, or it can be signalled in some other way, such as in DCI on M-PDCCH retransmission grant. 
After Msg3, the eNB replies with Msg4, the final message in the initial random access procedure, resolving possible contention. Msg4 is a unicast transmission, currently scheduled with PDCCH. Similarly as for Msg3, the repetition factors for M-PDCCH and PDSCH should be made available to the UE without using dedicated RRC configuration. 
The same options as for Msg3 could be used to signal the repetition factor for M-PDCCH and Msg4. Moreover, M-PDCCHs related to Msg3 and Msg4 could have the same repetition factor and frequency location.
 
[bookmark: _Toc416377580][bookmark: _Toc416378410][bookmark: _Toc416385020][bookmark: _Toc416386059][bookmark: _Toc416460539][bookmark: _Toc416460956][bookmark: _Toc416461947][bookmark: _Toc416479562][bookmark: _Toc416479566][bookmark: _Toc419122853][bookmark: _Toc419126704][bookmark: _Toc419457484][bookmark: _Toc419497487][bookmark: _Toc419505986][bookmark: _Toc427056203][bookmark: _Toc427246814][bookmark: _Toc427330077][bookmark: _Toc427349490]The repetition factor and location for Msg3 and related M-PDCCH are signalled in the UL grant in RAR.
[bookmark: _Toc427349491]M-PDCCHs related to Msg3 and Msg4 use the same repetition factor and frequency location. 
Msg4 repetition factor and location is signalled in DCI in M-PDCCH. 

After sending Msg3, the UE starts a contention resolution timer which is reset on every HARQ retransmission. As with the RA response window duration, also when handling mac-ContentionResolutionTimer [3] the extra latency caused by the possible repetitions needs to be taken into account. Currently the maximum value of mac-ContentionResolutionTimer is 64 subframes [5], which may not be enough for higher repetition levels. 

[bookmark: _Toc419497499][bookmark: _Toc419506011][bookmark: _Toc419506022][bookmark: _Toc427056215][bookmark: _Toc427246824][bookmark: _Toc427330087][bookmark: _Toc427349492]Repetitions are taken into account in handling of mac-ContentionResolutionTimer.

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	eNB can use the detected PRACH preamble sequence to identify low complexity UEs.
Observation 2	eNB can identify the enhanced coverage UEs, that is, PRACH repetition level, through the used PRACH resources.
Observation 3	Working assumption: M-PDCCH is used for carrying or scheduling RAR transmission.
Observation 4	Working assumption: M-PDCCH repetition factor is based on the latest PRACH preamble.
Observation 5	M-PDCCH starting time is based on the most recent PRACH resource set.
Observation 6	M-PDCCH repetition factor for Msg3 retransmissions could be defined using the same method as Msg3 repetition factor.

Based on the discussion in section 2 we propose the following:

Proposal 1	Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources introduced for Rel-13 low complexity UEs in enhanced coverage.
Proposal 2	In addition to PRACH resource sets and corresponding repetition factor, system information for Rel-13 LC/CE UEs should include 1. PRACH coverage level selection criterion and 2. number of maximum preamble transmission attempts per coverage level.
Proposal 3	Confirm the following RAN1 agreement: RAR location and repetition factor (either using PDSCH or M-PDCCH) are derived through the used PRACH resources.
Proposal 4	RA response window duration is extended for Rel-13 UEs using coverage enhancements based on the RAR repetition factor.
Proposal 5	Legacy MAC RAR format is used for Rel-13 LC and CE UEs.
Proposal 6	Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.
Proposal 7	Support HARQ with repetitions for all unicast transmissions after RAR.
Proposal 8	The repetition factor and location for Msg3/Msg4 and related physical control channel(s) are signalled in the UL grant in RAR.
Proposal 9	M-PDCCHs related to Msg3 and Msg4 use the same repetition factor and frequency location.
Proposal 10	Repetitions are taken into account in handling of mac-ContentionResolutionTimer.
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