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1. Introduction

RAN2 discussed Random Access for eMTC during RAN2#91 and reached the following agreements [1]:
	Agreements
1
Rel-13 “normal complexity” UEs in enhanced coverage use the same random access resources as a Rel-13 low complexity UEs in the same enhanced coverage level.

2
In addition to PRACH resource sets and corresponding PRACH repetition factor (PRACH repetition number), system information for Rel-13 LC/CE UEs should include…
1. Selection criterion (measurement threshold, pending RAN1/4 confirmation) for determining the initial PRACH coverage level, and
2. Number of maximum preamble transmission attempts per coverage level.

3
Confirm the following RAN1 agreement: RAR time/frequency resource and repetition factor (either for PDSCH or M-PDCCH) are derived from the used PRACH resources.

4
For Rel-13 UEs in extended coverage, RA response window duration is extended based on the RAR repetition factor.

6
Uplink grant in RAR is used for the initial HARQ transmission of Msg3 for Rel-13 low complexity and coverage enhanced UEs.

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

FFS whether the repetition factor is also in the RAR or provided/derived by other means




In this contribution, we address some of the open issues remaining for Random Access for low-cost and extended coverage eMTC, namely:
1. Details on how the repetition factor for the RAR is determined;

2. How the repetition factor for Msg3 is provided
3. Handling of the number of PRACH attempts in Random Access problem indication 
In this contribution we discuss the impacts of the Rel13 MTC enhancements on the Random Access procedure. 

2. Discussion

2.1. Coverage enhancement for Random Access 
The Random Access procedure for Rel13 MTC will require coverage enhancements at least for:

1. PRACH transmission on uplink

2. RAR reception on downlink
3. Msg3 transmission on uplink (for contention-based Random Access)
As per RAN1 agreements, multiple CE levels will be supported for PRACH and RAR. This enables the system to operate in more resource efficient manner, e.g, by selection of a suitable repetition level according to the UE’s radio condition or performance/delay target.

In addition, also per RAN1 agreements [2], PRACH reception robustness will be further increased by moving to a higher repetition level if previous attempts at a lower repetition level were unsuccessful.  However it is not sufficient to only increase the repetition level of PRACH, as an unsuccessful PRACH attempt could also be due to DL coverage limitation for RAR reception.  

Observation 1: Successful PRACH attempt requires both PRACH and RAR reception to be successful.  

Multiple approaches are being considered in RAN1 for selecting the starting PRACH CE level, e.g, based on RSRP, PSS/SSS detection delay, etc.  Regardless of the mechanism for PRACH CE, the mechanism for selecting the RAR CE level has to be considered in light of Observation 1. 

RAN1 has already agreed that the RAR is scheduled by M-PDCCH. Hence we interpret agreement (3) to mean that the PRACH resources are used to indicate the repetition level of the control portion (M-PDCCH) of the RAR. Hence, when selecting the PRACH time/frequency/preamble UE shall take into account the desired repetition level for M-PDCCH. One simple approach is for the UE to select an appropriate PRACH preamble to indicate its DL coverage situation to the eNB. 
Another aspect of the RAN1 agreement is that it enables UEs requiring the same RAR repetition level to monitor the same M-PDCCH time/frequency resources. Generally, RAR resource sharing is a desirable feature as it allows the radio resources to be more efficiently managed when multiple UEs perform Random Access simultaneously.

Proposal 1: The M-PDCCH resources for RAR should be configured in such a way to as to enable UEs performing Random Access to share the same M-PDCCH resources when requiring the same DL CE level.

Proposal 2: Discuss how the repetition level for the M-PDCCH is indicated to the eNB during Random Access:

Alt1) Via PRACH preamble selection
Alt2) A combination of time/frequency PRACH resources configured by the eNB
In light of observation 1, we propose:
Proposal 3: When increasing the PRACH repetition level due to unsuccessful PRACH attempt, the M-PDCCH RAR repetition level is also increased.  
The RAR carries the UL grant for Msg3. Since at the time of PRACH reception the eNB is expected to obtain a reasonable estimate of the UL radio quality of the UE, it is natural that the repetition level for Msg3 is included in the RAR.
Proposal 4: The repetition level for Msg3 is indicated in the RAR.
Finally, for Msg4 (which is UE-specific) we see no need to introduce additional signalling for coverage enhancements. 

Proposal 5: For the control (M-PDCCH) portion of Msg4, the CE level is the same as the M-PDCCH for RAR.

Proposal 6: For the data portion of Msg4, the CE level is indicated in the corresponding M-PDCCH.
2.2. Number of PRACH attempts
Regarding the number of PRACH attempts, RAN1 has made the following agreements:
· 1 attempt = configured number of repetitions.
· 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 levels
From the MAC layer perspective, the number of attempts has impact on (a) PRACH Power Ramping; (b) Random Access problem indication. The first being addressed in RAN1, while the latter should be addressed in RAN2. 

In the current Random Access procedure, the UE declares Random Access problem when the allowed maximum number of PRACH transmission attempts is exceeded. In Rel. 13 MTC, however, the UE may move to a higher PRACH CE level, effectively starting a new Random Access procedure at the new level. Therefore it should not declare Random Access failure until the maximum allowed PRACH CE level is attempted. 
Proposal 7: When moving to a higher PRACH CE level during a Random Access procedure, the number of attempts at the previous PRACH CE level are not counted towards Random Access problem indication. 

3. Conclusion

In this contribution, we discussed enhancements to support Random Access under coverage enhancements for Rel 13 MTC. We made the following proposals: 
Proposal 1: The M-PDCCH resources for RAR should be configured in such a way to as to enable UEs performing Random Access to share the same M-PDCCH resources when requiring the same DL CE level.

Proposal 2: Discuss how the repetition level for the M-PDCCH is indicated to the eNB during Random Access:

Option 1: Via the PRACH preamble

Option 2: A combination of time/frequency PRACH resources

Proposal 3: When increasing the PRACH repetition level due to unsuccessful PRACH attempt, the M-PDCCH RAR repetition level is also increased.  
Proposal 4: The repetition level for Msg3 is indicated in the RAR.
Proposal 5: For the control (M-PDCCH) portion of Msg4, the CE level is the same as the M-PDCCH for RAR.

Proposal 6: For the data portion of Msg4, the CE level is indicated in the corresponding M-PDCCH.

Proposal 7: When moving to a higher PRACH CE level during a Random Access procedure, the number of attempts at the previous PRACH CE level are not counted towards Random Access problem indication. 
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