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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.
The WID suggests that the PRACH coverage improvement should be realized through one or more of the following approaches:

· Repetition

· PSD boosting

· Relaxed misdetection probability
Agreements made during RAN1#74bis and RAN1#75:
· Multiple PRACH repetition levels will be supported 

· At least after the initial random access procedure, for physical channels using repetition, the repetition level is up to the network.

· Repetition of existing PRACH formats will be used (no new PRACH formats)

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.

· FFS: Power ramping is supported

· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. backoff etc).
2 Discussion
In contribution [2] we discussed the required link budget improvement for each physical signal/channel in FDD. For PRACH, the required improvement was found to be 14 dB compared to PRACH format 2.

In contribution [3] we presented simulation results indicating that 14 dB coverage enhancement can be achieved by allowing 10% instead of 1% misdetection probability and a relatively modest number of repetitions – perhaps as low as 10 repetitions. There does not seem to be a need to consider PSD boosting to reach the coverage target.
Observation:
· In challenging scenarios, sufficient coverage can be achieved with a modest number of PRACH repetitions without PSD boosting by tolerating an increased (e.g. 10% instead of 1%) misdetection probability for the affected users.
Proposals:
· Define a repetition mechanism allowing up to [10] repetitions of existing PRACH formats.
New PRACH resource configurations need to be defined, detailing the time-frequency resource allocation. The TR [4] states that the number of repetitions as well as the starting subframe should be predefined or configured by higher layer signalling.

Frequency hopping could help increase the frequency diversity and thereby reduce the number of required repetitions. However, since the baseline PRACH resource configuration for enhanced coverage users will probably be to code multiplexed with the legacy PRACH resource configuration, which does not allow for frequency hopping, our current view is that frequency hopping looks like an optimization for a special case with relatively low priority in Rel-12.
Proposals:
· Agree whether the starting subframe for each PRACH repetition should be predefined (with respect to the SFN and the PRACH configuration index) or configured by higher layer signaling.
· PRACH frequency hopping is not introduced in Rel-12.
We propose to confirm the working assumption on up to 3 configurable PRACH repetition levels. It has been discussed how the UE should select the starting level. We want to avoid that the UE starts at a too high PRACH repetition level, and based on this we have the following comments:

· If it can be shown that sufficient DL measurement accuracy can be achieved within a reasonable DL measurement time, then we may be fine with the UE selecting the PRACH starting level based on DL measurements.

· But if it is not clear that the above can be achieved, we would prefer to always start at the lowest configured PRACH repetition level.

· However, we may in this case be open to consider leaving the starting point selection to the UE implementation as long as it can be guaranteed that the UE does not select a too high starting point more than X% of the PRACH attempts. RAN4 would need to check whether such a requirement can be considered feasible.
· Another possibility could be to let the UE remember what PRACH repetition level was used the last time and use this information when setting the starting point for the next access. However, it may not be straightforward for the UE to remember this information; the feasibility would need to be checked e.g. by RAN2.

Observations:
· The PRACH starting repetition level should only be based on DL measurements if it can be shown that this is feasible with reasonable measurement accuracy and reasonable measurement time.
· The PRACH starting repetition level should only be based on DL measurements if it can be guaranteed that the probability of choosing too high level is sufficiently low.
· The feasibility of basing the PRACH starting repetition level on remembering the previous repetition level is FFS.
Proposals:
· Confirm the working assumption on up to 3 configurable PRACH repetition levels.
· Agree as a working assumption to always start at the lowest configured PRACH repetition level.
Different physical channels require different number of repetitions.
Proposals:
· During initial random access procedure, for physical channels using repetition, the repetition level is up the network (similarly as has already been agreed for after initial random access).
· The repetition levels for RACH message 1 and 2 are indicated in SIB signalling.
· How to indicate repetition levels for RACH messages 3 and 4 is FFS (e.g. in SIB signalling or in RACH message 2).

3 Conclusions

Proposals:
· Define a repetition mechanism allowing up to [10] repetitions of existing PRACH formats.
· Agree whether the starting subframe for each PRACH repetition should be predefined (with respect to the SFN and the PRACH configuration index) or configured by higher layer signaling.
· PRACH frequency hopping is not introduced in Rel-12.
· Confirm the working assumption on up to 3 configurable PRACH repetition levels.
· Agree as a working assumption to always start at the lowest configured PRACH repetition level.
· During initial random access procedure, for physical channels using repetition, the repetition level is up the network (similarly as has already been agreed for after initial random access).
· The repetition levels for RACH message 1 and 2 are indicated in SIB signalling.
· How to indicate repetition levels for RACH messages 3 and 4 is FFS (e.g. in SIB signalling or in RACH message 2).
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