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1
Introduction
In [1], it was agreed that additional PRACH time-frequency resource regions will be defined for coverage enhancement UEs. These regions will be separate from the regions for the legacy PRACH configuration and there would be one to one mapping between PRACH repetition level and PRACH resource set [1]

 REF _Ref414540401 \n \h 
[2]. Furthermore, RAN1 has agreed that PRACH is used to identify Rel-13 low complexity UEs. In this contribution, we consider PRACH configuration for Rel-13 low complexity UEs and coverage enhancement UEs.

2
PRACH Configuration
For PRACH, coverage enhancement will be achieved through repetition of existing PRACH formats. From [1]

 REF _Ref414540401 \n \h 
[2], the following selected agreements have been made regarding PRACH in coverage enhancement –
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

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

· Within new region, at least CDM is allowed.

· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”)
· eNB-configurable number of levels (1, 2, 3) up to specified max level.
· 1 attempt = configured number of repetitions.
Furthermore, it was agreed in RAN1#79 that –
· 
Rel-13 low complexity UE can be identified by PRACH.

· 
FFS for detailed indication method, e.g., Preamble and/or resource allocation 

Currently, there are 5 preamble formats which differ in the sequence and CP lengths. The first four formats are intended to address different cell sizes (e.g. preamble format 1 can support cell size up to 14km while preamble format 3 can support cell size up to 100km) and expected maximum path losses, while the fifth format is to be used in the UpPTS region of a TDD subframe.  It has been agreed that PRACH coverage enhancement will be done through repeating the existing preamble formats. However, it is not clear whether all formats will be supported in coverage enhancement. Since various formats have their own use cases and support different deployment scenarios, it should be possible for the network to select any preamble format as appropriate. Therefore, it is proposed that all preamble formats are supported in coverage enhancement.
Proposal 1: Repetition of all preamble formats is supported in coverage enhancement.
For coverage enhancement, CDM/TDM/FDM multiplexing schemes are supported in order to allow the network full control of the PRACH configuration. In addition, it was agreed to define additional time-frequency resource region(s) for coverage enhancement UEs. These regions will be apart from the regions for the legacy PRACH configuration. This means that separate PRACH configurations (e.g. time-frequency resource, preambles, repetition level, starting subframe) for coverage enhancement UEs would be required. Furthermore, since Rel-13 LC-MTC UE can be identified by PRACH, it should be possible to configure separate time-frequency resource region for this type of UE as well. Note that Rel-13 LC-MTC and legacy UEs can still share the same PRACH time-frequency resource if desired by using the same time-frequency configuration. In this case, they will use CDM multiplexing scheme via different preamble sets. Therefore, it is proposed that PRACH resources can be configured separately in M-SIB for Rel-13 LC-MTC UEs and coverage enhancement UEs.
Proposal 2: Up to 4 PRACH configurations can be configured in M-SIB1 for Rel-13 LC-MTC UEs and coverage enhancement UEs – one configuration for Rel-13 LC-MTC UE and one configuration for each coverage enhancement level (up to 3 levels).
An example is shown in Figure 1 where three additional PRACH configurations are shown – one for Rel-13 LC-MTC UE, one for PRACH coverage enhancement level 1, and one for PRACH coverage enhancement level 2. Note that Figure 1 illustrates the FDM multiplexing scheme as an example only, and TDM and CDM can be easily supported as well. For example, to support a pure CDM scheme, all configurations can have the same PRACH time-frequency allocation, but different preamble sets. Using separate configurations, various multiplexing combinations can therefore be supported as desired by the network. 
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Figure 1. Example of PRACH configurations for Rel-13 LC-MTC UEs and coverage enhancement UEs.
Table 1 illustrates possible PRACH configuration parameters. For Rel-13 LC-MTC UE, it is possible to reuse existing PRACH-ConfigSIB information element to define time-frequency allocation and available preambles. For UE in enhanced coverage, some modification or extension will be needed. For instance, instead of using the prach-ConfigIndex table, a more flexible approach for PRACH time (i.e. subframe) allocation can be used. For instance, the PRACH occasion can be provided using two parameters - period which may depend on the number of repetition and offset. This allows the network to have more control over PRACH overhead and latency. Alternately, new prach-ConfigIndex tables could be defined that are more appropriate for coverage enhancement.
Table 1. Example of PRACH configuration parameters.
	PRACH parameter
	Rel-13 LC-MTC UE
	UE in enhanced coverage
(up to 3 levels)

	Time (subframe) allocation
	prach-ConfigIndex
	prach-ConfigIndex or (period, offset)

	Frequency (PRB) allocation
	prach-FreqOffset
	prach-FreqOffset, Hopping pattern 

	Preamble + preamble set
	rootSequenceIndex, zeroCorrelationZoneConfig, preambleInfo
	rootSequenceIndex, zeroCorrelationZoneConfig, preambleInfo 

	High speed support
	highSpeedFlag
	N/A (or always set to FALSE)

	Coverage enhancement
	N/A
	Number of repetition for preamble, starting subframe,
maximum number of attempts,
number of repetition for control channel,

bundle size or number of repetition for data channel


PRACH configuration for coverage enhancement will also require the number of repetition to be defined. Up to 3 levels may be defined with the number of repetition for each level configurable by the eNB. To minimize decoding complexity at the eNB and avoid potential error cases, the starting subframe for each coverage enhancement level should be defined. In addition, frequency hopping has been agreed as a working assumption and a hopping pattern may need to be provided in the M-SIB as well. As a result, PRACH configuration for coverage enhancement should be studied further.
Proposal 3: PRACH configuration for Rel-13 LC-MTC UE can reuse existing PRACH-ConfigSIB information element. PRACH configuration for UE in enhanced coverage is FFS.
Furthermore, PRACH configuration supports high speed deployment where a restricted set of preambles is used to avoid performance degradation in high speed scenarios. UEs in coverage enhancement, however, are unlikely to be able to connect and receive service in such scenarios due to the long system acquisition and data transmission/reception times. Therefore, it is proposed that UEs in coverage enhancement do not need to support restricted preamble set in high speed scenarios.
Proposal 4: UEs in coverage enhancement do not need to support restricted preamble set in high speed scenarios.

Figure 2 illustrates two possible approaches for PRACH repetition – continuous and discontinous. Discontinous repetition allows for easier reuse of existing PRACH configurations as well as for the configurable number of repetition for each CE level to be supported. This design is also naturally supported in TDD. Continuous repetition allows for UE to transmit the PRACH in a burst, which can mimize the time the UE has to be active and thus provide some battery saving. It can also allow coherent combining of samples, assuming hopping is not used, which may improve performance. Further study is needed to determine which option is beneficial.
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Figure 2. Example of PRACH repetition options.
In RAN1#80, a working assumption was reached that allows PRACH frequency hopping to be configured for Rel-13 low complexity MTC UEs in coverage enhanced mode. Based on PRACH performance results shown in [3] , it was seen that frequency hopping can provide significant gain of up to 4dB at the 1% missed detection probability. At the 10% missed detection probability, up to 2dB gain is possible. This large gain was confirmed by numerous contributions [5]-[7]. Therefore, it is proposed to confirm the working assumption to support frequency hopping for PRACH. Generally, it has been shown that hopping between two regions is sufficient to provide most of the frequency diversity gain. Thus, a simple hopping scheme can be designed using e.g. predefined hopping pattern.
Proposal 5: Confirm the 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.
Furthermore, based on performance results presented in [3]-[7], if the missed detection probability requirement is relaxed from 1% to 10%, it can be seen that this leads to an improvement of about 5-6 dB when frequency hopping is not used. With frequency hopping, the gain is approximately 3-4 dB, which is still substantial. Relaxing the detection probability can lead to more transmissions by the UE but this can be helped by also relaxing the false alarm probability (currently at Pfa=0.1%). This can help lower the detection threshold and provide a balance between false alarm and missed detection. Note that the requirements may be relaxed only for the worst CE level since other levels may not require significant amount of repetitions.
Table 1 provide examples of the number of PRACH repetition that would be required for different target MCLs. Three different coverage enhancement techniques were used, namely, repetition, frequency hopping, and relaxing the missed detection probability. From the table, it can be seen that relaxing the missed detection probability can reduce the number of repetition significantly.
Table 1. Examples of PRACH repetition for various coverage enhancement levels, Pmax = 23 dBm.
	Coverage Enhancement Target
	No of Transmissions Required
	Coverage Enhancement Techniques Used

	145.7 dB MCL

(0-5 dB)
	4 @ 1% Pmiss
	Repetition + 
Frequency hopping + Relaxed Pmiss Requirement

	150.7 dB MCL

(5-10 dB)
	15 @ 1% Pmiss

8 @ 3% Pmiss
	

	155.7 dB MCL

(10-15 dB)
	50 @ 1% Pmiss

20 @ 10% Pmiss
	


Proposal 6: Consider relaxing the missed detection probability requirement at least for large coverage enhancement level as this can reduce the number of repetition significantly.
3
Conclusion
In this contribution, we consider PRACH configuration for Rel-13 low complexity UEs and coverage enhancement UEs. The following proposals are made –

Proposal 1: Repetition of all preamble formats is supported in coverage enhancement.
Proposal 2: Up to 4 PRACH configurations can be configured in M-SIB1 for Rel-13 LC-MTC UEs and coverage enhancement UEs – one configuration for Rel-13 LC-MTC UE and one configuration for each coverage enhancement level (up to 3 levels).

Proposal 3: PRACH configuration for Rel-13 LC-MTC UE can reuse existing PRACH-ConfigSIB information element. PRACH configuration for UE in enhanced coverage is FFS.

Proposal 4: UEs in coverage enhancement do not need to support restricted preamble set in high speed scenarios.

Proposal 5: Confirm the 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.

Proposal 6: Consider relaxing the missed detection probability requirement at least for large coverage enhancement level as this can reduce the number of repetition significantly.
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