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1 Introduction

In RAN#66, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  
This contribution discusses the following aspects of the RACH procedure for the Low Cost & Enhanced Coverage MTC UEs:
· PRACH Transmission Power Ramping & PRACH Failure
· RACH Procedure Msg3 Timers
2 Discussions
2.1 M-PDCCH for RAR
In the RAN1#81 meeting, the agreements below were made creating a M-PDCCH to support RAR and PAGING:

	· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR


Observation #1:   As agreed by RAN1, Rel-13 low complexity UEs and UEs operating coverage enhancement, will have the option of RAR being supported by either:
1.  M-PDCCH-scheduled PDSCH message carrying multiple MAC RARs
2.  M-PDCCH DCI carrying the single MAC RAR message 
2.2 RACH Procedure Considerations
2.2.1 Power ramping in the CE region
In existing preamble transmission, the power ramping mechanism is used to mitigate the initial pathloss measurement error and changing radio condition so that the preamble can be transmitted to the eNB successfully in one of the preamble retransmissions. In the enhanced coverage region, a LC UE in the CE region is basically out of normal coverage, which technically means that the maximum transmission power from the LC UE cannot reach the eNB without any enhancement.  To resolve this, RAN 1 has agreed on 3 PRACH repetition levels for devices operating in the CE region.  
In addition to these repetition levels, the option of adding power ramping in order to combat potential near-far scenarios has been discussed most recently in RAN1#81, but as yet no conclusion has been arrived at.  Currently we do not support the addition of power ramping as an option for the CE region preamble transmission for the following reasons:
1. The near-far scenario can be considered as a corner case, as it relies on 2 devices with very different path-loss transmitting preambles in the same narrowband at the same time.
2. The accuracy of RSRP measurements in the CE region is unlikely to be high enough to guarantee that the near-far effect will be effectively mitigated.

3. Adding power ramping will add increase the complexity of the eNB/specifications by adding an extra dimension (in addition to the CE level number of repetitions) to consider when determining the repetition level of the subsequent RAR.
On the other hand, LC UE with no CE (i.e. in normal coverage) can follow the same power ramping procedure as normal UE.
Proposal#1: No power ramping is used for PRACH transmission in the CE region.  Rel-13 LC/CE devices operating in the CE region that select a non-zero repetition level, will always use the maximum UE transmission power for each PRACH preamble transmission.
2.2.2 PRACH failure at highest repetition level

The first PRACH transmission may not lead to a successful RAR, which may be due to collision or radio condition i.e., the coverage level is poorer than that supported by the repetition level.  In this case, it has been agreed in RAN 1 that: 

· 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
Failure to obtain a valid RAR response can be due to poor SNR or collision.  

If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, then we can consider that the RACH access has failed. In existing behaviour, the UE MAC reports the RACH failure to RRC but continues with the RACH procedure. 
For the coverage enhancement case, if after the maximum number of attempts at the highest repetition level there is no successful RACH access, then it is proposed that the UE stops attempting further PRACH access and reports to the higher layer (RRC).
Proposal#2: If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop attempting at the highest PRACH repetition level and report to the higher layer (RRC). The behaviour at the RRC layer is as per legacy behaviour. For the lower repetition levels, if the UE does not receive a RAR after the maximum number of attempts for that level, it moves to the next higher level of repetition.
2.2.3 Msg3 Contention Resolution
Once the first RRC Connection Request message (Message 3) is sent, the CE/LC device starts 2 timers, the mac-ContentionResolutionTimer and the RRC layer T300 timer. 
(a)  mac-ContentionResolutionTimer {sf8,...,sf64} 

How long the UE waits after sending the most recent RRC Connection Request (msg3), before retransmitting another preamble attempt.  
(b)  RRC T300 timer {100ms...2000ms} 

How long the UE waits after sending the first RRC Connection Request (msg3) attempt, before signalling to higher layers that the RRC Connection Establishment has failed.

The values and ranges of this timers applied by LC/CE devices in enhanced coverage scenarios, now need to be revised to accommodate the additional repetitions required for msg3 and msg4 in enhanced coverage scenarios:

Options for revising these timers include:

Option 1:  Using a single worse case timers for all coverage levels

This option will unnecessarily slow down PRACH reattempts at better coverage levels.

Option 2:  Defining explicitly different timers for each coverage level

This option will require more SIB2 bits to be defined and broadcast to indicate different timer values for each coverage level.  Also with this option, each time the number of repetitions and or reattempts, per a given coverage level is modified, so should the corresponding timer creating a new maintenance issue.

Option 3:  For a given coverage level, the timers applied by the CE-LC UE is a function of a nominal value (e.g. that optimised for normal coverage) and the current coverage level characteristics (e.g. the current coverage level and the number of repetitions).

This option keeps the number bits broadcast of T300 to a minimum and maintains the optimal T300 even when the coverage level characteristics (e.g. repetitions) are independently modified.

Proposal#3:   The UE shall be able to derive different values of the MAC contention resolution and the RRC T300 timers for different coverage levels.  These coverage level specific timer values, shall be derived using a pre-defined function, that uses the coverage level characteristics and nominal values of the timers broadcast by the network.
3 Conclusion

In this contribution we discuss some considerations for the RAR preamble transmission and Msg3 contention resolution.  Based on that discussion we have the following observations and proposals:
Observation #1:   As agreed by RAN1, Rel-13 low complexity UEs and UEs operating coverage enhancement, will have the option of RAR being supported by either:

1.  M-PDCCH-scheduled PDSCH message carrying multiple MAC RARs
2.  M-PDCCH DCI carrying the single MAC RAR message 
Proposal#1: No power ramping is used for PRACH transmission in the CE region.  Rel-13 LC/CE devices operating in the CE region that select a non-zero repetition level, will always use the maximum UE transmission power for each PRACH preamble transmission.
Proposal#2: If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop attempting at the highest PRACH repetition level and report to the higher layer (RRC). The behaviour at the RRC layer is as per legacy behaviour. The behaviour at the RRC layer is as per legacy behaviour. For the lower repetition levels, if the UE does not receive a RAR after the maximum number of attempts for that level, it moves to the next higher level of repetition.
Proposal#3:   The UE shall be able to derive different values of the MAC contention resolution and the RRC T300 timers for different coverage levels.  These coverage level specific timer values, shall be derived using a pre-defined function, that uses the coverage level characteristics and nominal values of the timers broadcast by the network.
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