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1 Introduction
In this contribution, we discuss further PRACH related issues. We show simulation results for PRACH repletion and discuss resource allocation for PRACH and how to multiplex UEs with different repetition levels.

This contribution is an update of R1-151224 including additional results for ETU 1Hz.
2 Simulation Results
In [1], we showed simulation results for PRACH repetitions. Here we present further result. The simulation assumptions are shown in the annex.
2.1 Coherent combining
Firstly, we investigate the gains of using coherent combining of preambles at the receiver. The results are shown in Figure 1.
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Figure 1: PRACH link-level simulation results for EPA and ETU 1 Hz. The (x,y) in the legend indicate, x transmissions of the preamble with coherent combining over y preambles.

The results indicate that due to the 100 Hz residual frequency error, coherent combining should be limited to two preambles that are transmitted in adjacent subframes and any further combining should be non-coherent. The PRACH resource allocation should allow for such combining.
Observation

· PRACH resource allocations should allow coherent combining of pairs of preambles.
2.2 Number of repetitions
Figure 2 shows the simulation results for varying number of preamble transmissions. For the cases with more than 2 repetitions, coherent combining is performed for two and two premables with non-coherent for various pairs. 
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Figure 2: PRACH link-level simulation results for EPA and ETU 1 Hz for different repetition levels.
From the results we can see that a 15 dB can be achieved with a combination of relaxing the missed detection probability and a number of repetitions.
2.3 Frequency hopping

Finally, we show results with frequency hopping. The hopping is performed after half the repetitions .
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Figure 3: PRACH link-level simulation results for EPA and ETU 1 Hz for different repetition levels including frequency hopping(dotted lines).

We can clearly see that the gains from frequency hopping and frequency hopping can help reducing the number of repetitions needed.
Proposal

· Confirm working assumption that PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

3 PRACH resource allocations and multiplexing
3.1 PRACH resource configurations
The PRACH resource configurations defined in Rel-8 already covers a wide range of PRACH capacity. For FDD, it is straight forward to allocate additional PRACH resources using the existing configurations and SIB signalling at one or more additional frequency offsets beside the legacy resources. For TDD, multiple frequencies are already used in some PRACH configurations, but   Since coverage enhancements will require significant additional resources, the additional resource configurations can be limited to the subset of the existing allocations containing the most PRACH occasions. 
Proposal:
· Additional PRACH resources can be configured using system information using the existing PRACH resources configuration, or possibly a subset of these, at one or more additional frequency offsets. 
As shown in section 2.1, coherent combining of preambles in adjacent subframes gives performance benefits. This requires resource allocations covering multiple subframes, but such already exists for the longer preamble formats. 

3.2 PRACH repetition starting point
Once the repetition level has been established, the starting point for the repetitions should be defined. 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.
3.3 PRACH multiplexing

How to multiplex legacy UEs, UEs with no coverage enhancements, UEs with coverage enhancements and when frequency hopping need to be decided for both cases when only legacy PRACH resources are available and when additional PRACH resources have been configured striving to minimize the additional resources needed.
Figure 4and Figure 5 shows different multiplexing strategies.
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Figure 4: Multiplexing with frequency hopping between legacy and new PRACH resources 
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Figure 5: Multiplexing with different coverage enhancement levels in difference PRACH resources
How to multiplex the different groups of UEs can to a large extent be left up to network implementation which requires flexible signalling in allocating the groups to different UEs.
4 Conclusions

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

· PRACH resource allocations should allow coherent combining of pairs of preambles.
Proposal

· Confirm working assumption that PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode
· Additional PRACH resources can be configured using system information using the existing PRACH resources configuration, or possibly a subset of these, at one or more additional frequency offsets. 
· 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.
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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
	EPA, ETU

	Doppler spread
	1 Hz

	Number of UL RBs
	6

	PRACH format
	0

	Frequency tracking error
	100 Hz

	Performance target
	Pmiss 1%, Pfa 0.1%

	Number of repetitions
	1, 2, 4, 8, 16 and 32

	Combining method
	Coherent accumulation over 2 repetitions (consecutive sub-frames) per antenna
Non-coherent accumulation over additional repetitions and antennas

	Number of subframes
	10000

	Frequency hopping
	Hopping distance 40 PRBs after half of repetitions
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