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1 Introduction
During the work with Rel-12 [1], RAN1 made many agreements on PRACH:

RAN1#74bis agreements:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
· Working assumptions: Repeating the existing preamble formats for PRACH enhancement 

· Relaxing PRACH requirement is FFS

· Frequency hopping is FFS
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
RAN1#75 agreements:

· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· 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).
In our view most of the Rel-12 agreements still make sense in the light of the new Rel-13 WID and in this contribution we discuss some of the unresolved issues for PRACH.
2 Discussions
2.1 Preamble partitioning 
Regarding PRACH preamble partitioning, we note that that it is unlikely that the bandwidth reduced UE will be able to read legacy RAR transmissions [2], meaning that bandwidth reduced UEs will need separate PRACH resources (e.g. a PRACH preamble sequence group) in order for the eNB to be able to identify which UEs need enhanced RAR. On top of this, each PRACH repetition level should have its own PRACH resources (e.g. a PRACH preamble sequence group).

Observations:

· Separate PRACH resources are needed for legacy UEs, bandwidth reduced UEs, and each PRACH repetition level, i.e. 5 sets in total assuming 3 repetition levels.
2.2 PRACH repetition levels
In [3] we showed simulation results for PRACH repetitions. These are repeated below. The simulation assumptions can be found in the appendix.
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Figure 1: PRACH link-level simulation results for AWGN (left) and EPA 1 Hz (right)
The simulation results in indicate that 14 dB coverage enhancement can be achieved by allowing 10% instead of 1% misdetection probability and a relatively modest number of repetitions. There does not seem to be a need to consider PSD boosting to reach the coverage target. However, it may be worthwhile In Rel-13 to consider frequency hopping as a mean to increase the frequency diversity and thereby reduce the number of required repetitions if possible with reasonable impacts.

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.

· Consider introducing a frequency hopping scheme for the new PRACH repetitions in Rel-13.
2.3 Additional time/frequency resource regions
It was agreed for Rel-12 that separate PRACH resource configurations for “enhanced coverage” UEs need to be defined, and the time-frequency resource allocations need to be specified. Already in the study item it was agreed to that the number of repetitions as well as the starting subframe should be predefined or configured by higher layer signalling.
Proposal:
· 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.
2.4 PRACH repetition levels
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

In this contribution we further discussed PRACH coverage enhancements and make the following proposals and observations:
Proposals:

1. Define a repetition mechanism allowing up to [10] repetitions of existing PRACH formats.

2. Consider introducing a frequency hopping scheme for the new PRACH repetitions in Rel-13

3. 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.

4. Confirm the working assumption on up to 3 configurable PRACH repetition levels.

5. Agree as a working assumption to always start at the lowest configured PRACH repetition level.

6. 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).

Observations:
1. Separate PRACH resources are needed for legacy UEs, bandwidth reduced UEs, and each PRACH repetition level, i.e. 5 sets in total assuming 3 repetition levels.

2. 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.

3. 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.

4. 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.

5. The feasibility of basing the PRACH starting repetition level on remembering the previous repetition level is FFS.
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Annex: Link-level simulations assumptions

Table 1: Link-level simulation assumptions for PRACH
	Parameter
	Value

	System bandwidth
	20 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	AWGN, EPA

	Doppler spread
	1 Hz for EPA

	Number of UL RBs
	6

	PRACH format
	0

	Frequency tracking error
	100 Hz

	Performance target
	Pmiss 1%, Pfa 0.1%

	Number of repetitions
	1, 10

	Combining method
	Non-coherent accumulation over repetitions and antennas

	Minimum required SINR
	Around -24 dB (see e.g. [4])

	Number of subframes
	10000
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