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1
Introduction
In Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1], random access procedure for coverage enhanced UEs has been discussed for several RAN1 and RAN2 meetings with following agreements reached so far.
For initial random access, RAN1#80 meeting agreed that:

· There is one to one mapping between PRACH repetition level and PRACH resource set

· 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 level

· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 
· FFS: Power ramping or always max power used within each repetition level

· FFS UE behavior when UE receives RAR, but fails contention resolution

RAN1#81bis discussed the last FFS issue and agreed that:

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

For PRACH CE starting level, RAN1#81 meeting made following agreements:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)

· NOTE: RAN1 will re-visit after RAN4 conclusion: if a UE operating CE selects based on DL measurement a starting PRACH repetition level 

RAN2#90 meeting also made similar agreements:
· In SIB the eNB provides 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).

RAN2 #91bis agreed to discuss the UE random access behaviour when UE detects a change in CE level in the future meetings. In this contribution, we further discuss the issue of CE level and PRACH resource selection during random access procedure.
2
Discussion 
In general, for contention-based RA procedure, RA success depends on correct UL and DL reception as well as successful contention resolution. For coverage enhanced UEs in low SNR region, UL and DL reception is enhanced by applying a number of repetitions. According to current RA agreements, initial CE level is determined based on RSRP measurement. If UE is relatively static, it is likely that RA can succeed within the allowed maximum number of attempts for the CE level based on RSRP measurement. If UE is moving in the direction to the cell edge so that CE level has changed to a deeper one, the configured repetition number for the current CE level may be not adequate for correct UL and DL reception no matter how many RA attempts UE has made. In that case, moving to the next higher CE level with corresponding larger repetition number will help to improve the data reception.  
If UE is moving fast during RA procedure, radio conditions may change fast and therefore require different level of repetition number. In that case, staying on the current CE level with the current repetition number and continuing all the rest of configured RA attempts till reaching the maximum number before moving to the next higher CE level may not be able to catch up with the radio’s fast change. This will not only cause extra latency to the RA procedure but also waste RA resources undesirably. Although the exact number of attempts for each CE level has not been agreed, it could be a large value if following existing PreambleTransMax definition.

PreambleTransMax ::=
ENUMERATED {n3, n4, n5, n6, n7,
n8, n10, n20, n50, n100, n200}

Observation 1: when CE level is detected to change to a deeper one during RA procedure which requires large number of repetitions, continuing all the rest of configured RA attempts for the current CE level will not help to improve RA’s success, but rather introduce extra latency and waste RA resources. 
According to current specification, whenever RAR is not received within the RAR window or contention resolution fails, UE will always start a new RA attempt until reaching the maximum attempt number. When selecting PRACH resources for the new RA attempt, UE should take CE level change into account. That is, if CE level has been detected to a deeper level, UE should select PRACH resources according to the new level, similarly as it does for the initial RA procedure.  
Proposal 1: confirm the agreement of “initial CE level is determined based on RSRP measurement” applies to whenever UE starts a new RA attempt, i.e. it checks CE level upon each PRACH selection and selects PRACH resources according to the new CE level for the new RA attempt.
The RAR window and contention resolution timer are derived on CE level decided when selecting the PRACH resource, and the UE should not adjust RAR window length and contention resolution timer within a RA attempt, as the eNB would not be aware of such change after preamble reception. Therefore, upon detection of deeper CE level during one RA attempt, UE cannot adjust the window and timer accordingly, unless it aborts from current ongoing RA attempt and restarts a new one with PRACH resource, timer and window associated with the new CE level. In addition, as current RA attempt will unlikely succeed due to poorer coverage, restarting a new RA attempt with suitable CE level therefore could reduce the latency of RA and avoid the risk of parameters misalignment between UE and eNB. 
Proposal 2: when UE detects a deeper CE level change during one RA attempt, it shall stop current attempt and restart a new one.
The parameters during RA procedure are associated with the CE level, e.g. the PRACH resource set and repetition factor (either for PDSCH or M-PDCCH) of RAR. In addition, the CE level also has impact to the resource applied for paging reception; therefore the accurate CE level determination would be expected. 

Observation 2: it would be beneficial to have reliable CE level estimation to improve the system performance.

Besides, there might be the case that the radio link condition gets worse temporarily due to instantaneous interference, and may be recovered afterwards. UE may apply the higher CE level unnecessarily which would decrease the resource utilization efficiency.  In order to provide more accurate CE level calculation and prevent unwanted rapid CE level update, some amount of hysteresis may be used to filter the measurement result. Besides, additional “TTT” type of functionality may be introduced therefore the evaluation could reacts less rapidly than it would otherwise.  For example, the UE would consider a CE level change only if the measured RSRP fulfils preconfigured threshold plus the hysteresis value during the configured time interval.
Proposal 3: The hysteresis and evaluation time interval are defined for detecting the CE level change.

3
Conclusion
This contribution analyzes the issue of CE level and PRACH resource selection during RA procedure and the following proposal is made. 

Proposal 1: confirm the agreement of “initial CE level is determined based on RSRP measurement” applies to whenever UE starts a new RA attempt, i.e. it checks CE level upon each PRACH selection and selects PRACH resources according to the new CE level for the new RA attempt.
Proposal 2: when UE detects a deeper CE level change during one RA attempt, it shall stop current attempt and restart a new one. 
Proposal 3: The hysteresis and evaluation time interval are defined for detecting the CE level change.
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