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1 Introduction
In RAN1 #74 meeting, agreements and conclusion about PRACH Coverage Enhancement have been achieved as below (refer to [1]):
· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level
· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS”
In this contribution, remaining details of PRACH coverage enhancement are discussed. Some other aspects regarding PRACH coverage enhancement, such as frequency hopping scheme for PRACH, procedures for initial random access are also discussed in this contribution.
2 PRACH Preamble coverage improvement
In LTE system, different preamble format is dimensioned for different cell radius requirement; and the corresponding CP length is also optimized for different cell radius value.  It is preferable that the MTC UEs be able to utilize all the available formats so an optimized format could be chosen based on the deployed cell radius. 
In order to improve PRACH coverage for low cost MTC UEs, two alternatives of improvement can be adopted:

ALT 1 :Repetition of existing preamble format 

ALT 2 :Introducing new preamble format with longer sequence length. 
In RAN1 74, designs of the new PRACH preamble format have been proposed. The main advantage of new preamble format is CP saving, for example, format 5~9 in Table 1, where cyclic prefix, sequence length, guard time of different format are listed. We will analyze these two approaches from the aspect of spec impact, deployment flexibility,  resource utilization and performance improvement.
Table 1: Random access preamble parameters

	Preamble format
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· Specs impacts and deployment flexibility

Repetition of existing format incurs relatively less specs changes. All of the existing formats, whose CP has been optimized for different cell radius scenarios, can be improved through this approach. This flexibility is important as it can adapt to various deployment requirements. However, for ALT2, new preamble format are introduced solely for the purpose of MTC UE coverage improvement. This deviates from legacy preamble design principle. Moreover, in order to keep the same level of deployment flexibility, different lengthened preamble sequence corresponding to each existing CP length should be introduced, otherwise certain deployment which requires preamble format with particular CP length will not support MTC coverage improvement. This greatly increases the standardization complexity. 
· PRACH resource overhead
For ALT2, PRACH resource reduces as less CP and GT are used. However, since PRACH transmission starts on the subframe boundary, there is a minimum 8 sequence repetition length requirement in order to achieve saving for the new preamble format. 
· Performance comparison 
Simulation of PRACH preamble format performance comparison between ALT 1 and ALT2 were given in the Annex A.1. From the simulation result, we can see that the largest gain new preamble format can achieve over repetition of existing format is 0.5 dB (with frequency hopping).  However, if the UE is configured with shorter preamble format (less or equal to 8 slots) than the minimum length requirement for achieving CP saving, frequency hopping cannot be supported with new preamble format. Without hopping, performance of ALT 1 has a 2.5dB gap with ALT 2, as is shown in Annex A.1 (scenario 3/4). We have the following conclusion:
Observation 1:
   Repetition of existing preamble format and new preamble format have similar performance, while the former is more flexible in supporting various PRACH resource allocation than the latter.
Proposal 1: Repetition of existing preamble format should be adopted, and coverage MTC UEs should be able to be configured with repetition of any existing preamble format.
3 Introduction of coverage improvement level 
In RAN1 74 we have the following agreement 

· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS

In the following discussion, further details regarding the above agreement are given.
3.1 Coverage improvement (CI) level  
Various channels, including PBCH, PRACH,(E)PDCCH,PUCCH,PDSCH, and PUSCH, may need coverage improvement for certain MTC UEs. The improvement target for each channel is different so the repetition times for these channels are not the same. Thus it is preferable to use an index, i.e., coverage improvement level, to efficiently indicate repetition time required for each channel with a single token. Otherwise explicit signaling has to be used to convey these information which will introduce unnecessary overhead.  
CI level could be defined based on different granularity. For example in table 2, a 5dB step is used. Repetition number associated with each channel for each CI is pre-defined. No signaling overhead is needed to indicate the repetition number once the CI level is identified for the UE.
Table 2:  CILs configuration
	CIL
	Coverage Improvement Value(CIV)

	0
	0dB <CIV <=5dB

	1
	5dB <CIV<= 10dB

	2
	10dB<CIV<= 15dB


If only single CI level can be defined, then there’s no distinction between the improvement target of each MTC UE. It is evident in this scenario maximum amount of repetition has to be used to ensure the worst UE (that the eNB intends to communicate) could still be served. Obviously this will introduce enormous resource waste in many scenarios. A better approach is to make CI level configurable, then the eNB has the flexibility to configure appropriate CI levels base on various deployment scenario, such as service requirement, UE distribution etc.
Proposal 2: It is preferable to have configurable coverage enhancement level.
3.2 CI level identification
Several alternatives could be employed for CI level identification. 

ALT1: Implicit CI level indication via PRACH

MTC UE first identify the CI level through measurement of downlink signals, and then the UE  transmit the preamble using the PRACH resource ( TDM/FDM/CDM could be used for resource multiplexing) and repetition times associated with the identified CI level. The eNB acquires the CI level information UE reported after correctly receiving the transmitted preamble. 
ALT2: Explicit signaling CI level indication

In this case, MTC UE transmit preamble with maximum amount of coverage improvement, eNB could detect the required amount of coverage improvement during the preamble reception and indicate this information to UE in Msg2. Alternatives, RRC signaling could be used to convey this CI level information. Of course in this case the maximum amount of coverage improvement should be assumed for all coverage improvement UE before the exchange of this RRC signaling. 
It is evident that ALT2 could introduce unnecessary repetition thus it will waste resources in many scenarios. At the same time, it is not desirable to decide CI level exclusively from UE measurement and reporting. The eNB should be able to adjust and override CI level whenever it is necessary. Therefore, it is preferable to combine the spirit in both alternatives to ensure efficient resource utilization as well as quick and accurate CI level identification.

Proposal 3: For CI identification, both implicate indication via PRACH and explicit signaling indication are supported.
3.3 PRACH resource allocation for CI level
Considering the minimal bandwidth to support is 1.4 MHz and the fact that PRACH resources occupy 6 PRBs in frequency domain, FDM seems not a good choice for resource allocation. To achieve flexible resource multiplexing among different CI levels and with normal MTC UE, it is preferable to adopt CDM based multiplexing schemes. Figure 1 is an example of such scheme.
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Figure 1：Multiple CILs resource allocation
Note either CDM or TDM could be used to differentiate the resource used for normal MTC UE and CI MTC UE.
Proposal 4: CDM should be adopted to support multiplexing PRACH resource for different coverage improvement level
4 Frequency Hopping
For low cost MTC UEs, radio channel fluctuation in time domain is slow. It is relatively easier to aquire frequency domain diversity through frequency hopping, compare with time domain diversity techniques. In [2][3],some initial simulations about frequency hopping gain are given. In this contribution, we show some further simulation result. In figure 2, a hopping gain distribution curve is shown. Details simulation parameter and other result are given in the Annex A.1. 
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Figure 2: Frequency Hopping Gain with Repetition 50 times
From the simulation result we have two finds:
（1） Frequency Hopping Gain Pmiss=1% is larger than gain with Pmiss=10% ;
（2） FH Granularity within  [36,42] PRBs achieve maximum frequency hopping gain;
Based on these simulation results，we have the following FH configuration suggestion
Table 4：Frequency Hopping Granularity for different bandwidth
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100

	 FH Granularity 
	No FH
	Max
	Max
	36PRBs~42PRBs


Proposal5: Frequency hopping scheme should be considered when designing PRACH resource allocation schemes, the hopping granularity could be configured based on UL bandwidth.
5 Initial random access procedure for CI MTC UE
For CI MTC UEs, the corresponding channels involved in the whole random access procedure need to be improved individually. For example, if certain level of repetition is used for Msg1, corresponding repetition shall also be applied to Msg2, Msg3 and Msg4. The number of repetition needed for Msg2, Msg3 and Msg4 could be derived from coverage improvement level, repetition used by Msg1 or explicit signaling. Some details during this procedure, such as RA-RNTI calculation, Msg2 detection window configuration, CI level adjustment etc, should be further studied.
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Figure 3: Initial random access procedure for multiple CILs
Proposal 6: Details ran1 aspects in the RACH procedure, such as RA-RNTI calculation, Msg2 detection window configuration, CI level adjustment etc., should be further studied.
.
6 Conclusions

Observation 1:

   Repetition of existing preamble format and new preamble format have similar performance, while the former is more flexible in supporting various PRACH resource allocation than the latter.

Proposal 1:  Repetition of existing preamble format should be adopted, and coverage MTC UEs should be able to be configured with repetition of any existing preamble format.
Proposal 2: Define multiple PRACH coverage enhancement level

Proposal 3: For CI identification, both implicate indication via PRACH and explicit signaling indication are supported.
Proposal 4: CDM should be adopted to support multiplexing PRACH resource for different coverage improvement level
Proposal5: Frequency hopping scheme should be considered when designing PRACH resource allocation schemes, the hopping granularity could be configured based on UL bandwidth.
Proposal6：Details ran1 aspects in the RACH procedure, such as RA-RNTI calculation, Msg2 detection window configuration, CI level adjustment etc., should be further studied.
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Annex
A.1 Simulation assumption and simulation results of PRACH preamble format selection
Table A.1-1 Basic simulation assumption

	Parameter
	Value

	System bandwidth
	10MHz

	Sampling Frequency(Fs)
	15.36MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	100 Hz 

	Max Round Trip Delay(Max RTD)
	5*(1/Fs)

	Number of  RACH Sequences Per Sector
	64

	RACH Sequence Type
	Format 0，Format 6，Format 8
(described as Table 1 in Section 2.1)

	Frequency Hopping Granularity
	0PRB or 30PRBs

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%


Simulation Scene 1:

Table A.1-2 PRACH Preamble Selection for simulation scene 1

	Case
	Format Index
	Repetition Times
	Occupied Subframe Num
	Frequency Hopping Granularity

	1
	Format 6
	2
	14
	30PRBs

	2
	Format 0
	14
	14
	30PRBs


· Simulation Result
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Case1：Format 6，Repetition 2，14Subframes，FH=30PRBsCase2：Format 0，Repetition 14，14Subframes，FH=30PRBs


Figure A.1-1 Simulation result of Simulation Scene 1

Simulation Scene 2:

Table A.1-3 PRACH Preamble Selection for simulation scene 2

	Case
	Format Index
	Repetition Times
	Occupied Subframe Num
	Frequency Hopping Granularity

	1
	Format 6
	4
	28
	30PRBs

	2
	Format 0
	26
	28
	30PRBs


· Simulation Result
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Case1：Format 6，Repetition 4，28Subframes，FH=30PRBs Case2：Format 0，Repetition 28，28Subframes，FH=30PRBs 


Figure A.1-2 Simulation result of Simulation Scene 2
Simulation Scene 3:

Table A.1-4 PRACH Preamble Selection for simulation scene 3
	Case
	Format Index
	Repetition Times
	Occupied Subframe Num
	Frequency Hopping Granularity

	1
	Format 6
	1
	7
	0PRB

	2
	Format 0
	7
	7
	30PRBs

	3
	Format 0
	7
	7
	30PRBs


· Simulation Result
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Case 1：Format 6，Repetition 1，7Subframe，NoFHCase 2：Format 0，Repetition 7，7Subframe，NoFHCase 3：Format 0，Repetition 7，7Subframe，FH=30PRBs


Figure A.1- 3 Simulation result of Simulation Scene 3

Simulation Scene 4:

Table A.1-5 PRACH Preamble Selection for simulation scene 4
	Case
	Format Index
	Repetition Times
	Occupied Subframe Num
	Frequency Hopping Granularity

	1
	Format 8
	1
	26
	0PRB

	2
	Format 0
	26
	26
	30PRBs

	3
	Format 0
	26
	26
	30PRBs


· Simulation Result
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Case1：Format 8，Repetition 1，26Subframes，NoFHCase2：Format 0，Repetition 26，26Subframes，NoFHCase3：Format 0，Repetition 26，26Subframes，FH=30PRBs


Figure A.1- 4 Simulation result of Simulation Scene 3
A.2 Simulation assumption and simulation results of PRACH Frequency Hopping
Table A.2-1 Simulation assumption
	Parameter
	Value

	System bandwidth
	20MHz

	Sampling Frequency(Fs)
	30.72MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	100 Hz 

	Max Round Trip Delay(Max RTD)
	5*(1/Fs)

	Number of  RACH Sequences Per Sector
	64

	RACH Sequence Type
	RACH Format 0

	Sequence Repetition Times
	2，10，50

	Resource Distribution
	Successive Subframe

	Frequency Hopping Granularity
	0PRB~90PRBs

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%

	Miss Detection Probability
	1%，10%


· Frequency Hopping for 2 repetition 

· Frequency Hopping Pattern 
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Figure A.2- 1 Frequency Hopping Pattern for Repetition 2 times

· Simulation Result
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Figure A.2- 2 Frequency Hopping Gain with Repetition 2 times

Table A.2- 2 Frequency Hopping Gain with Repetition 2 times
	Rep2，Detection Gain
	FH=0PRB
	FH=12PRB
	FH=24PRB
	FH=36PRB
	FH=48PRB
	FH=60PRB
	FH=72PRB
	FH=84PRB
	FH=90PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.52
	1.11
	1.56
	1.5
	1.09
	0.67
	0.34
	0.36

	Pmiss=1%，Pfa=0.1%
	0
	1.61
	3.03
	3.59
	3.39
	2.96
	1.84
	1.39
	1.29


· Frequency Hopping for 10 repetition 

· Frequency Hopping Pattern
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Figure A.2- 3 Frequency Hopping Pattern for Repetition 10 times

· Simulation Result
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Figure A.2- 4 Frequency Hopping Gain with 2 time repetition 

Table A.2- 3 Frequency Hopping Gain with 2 Repetition 
	Rep10，Detection Gain
	FH=0PRB
	FH=12PRB
	FH=24PRB
	FH=36PRB
	FH=48PRB
	FH=60PRB
	FH=72PRB
	FH=84PRB
	FH=90PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.64
	1.38
	1.7
	1.71
	1.31
	0.76
	0.38
	0.41

	Pmiss=1%，Pfa=0.1%
	0
	1.38
	2.89
	3.43
	3.55
	3.05
	2.1
	1.53
	1.52


· Frequency Hopping for 50 repetition 

· Frequency Hopping Pattern
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Figure A.2- 5 Frequency Hopping Pattern for Repetition 2 times

· Simulation Result
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Figure A.2- 6 Frequency Hopping Gain with Repetition 2 times

Table A.2- 4 Frequency Hopping Gain with Repetition 2 times

	Rep50，Detection Gain
	FH=0PRB
	FH=12PRB
	FH=24PRB
	FH=36PRB
	FH=48PRB
	FH=60PRB
	FH=72PRB
	FH=84PRB
	FH=90PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.56
	1.38
	1.74
	1.77
	1.36
	0.74
	0.45
	0.34

	Pmiss=1%，Pfa=0.1%
	0
	1.6
	3.01
	3.7
	3.63
	3.01
	1.99
	1.46
	1.33
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