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1 Introduction
In Rel-13 eMTC WI, BS PRACH performance has been specified in RAN4#79. Following the agreement in [1], the requirements are defined for both frequency hopping ON case and frequency hopping OFF case. It is noted that some of the frequency hopping parameters are missing in the test case, which may cause inter-operability issue during the test. This was offline discussed during RAN4#82bis.    
On the other hand, in current specification, only a single set of requirements is defined as applicable for all system BWs from 3MHz to 20MHz. However, when frequency hopping is ON, the performance is different depending on the system BW, due to the different diversity gain achievable in the frequency domain. 
In this paper, we will address the issue of missing parameters in the frequency hopping ON test cases. We will also study the impact of system BW on the performance via simulations, and provide our views on the potential update of the requirements.  
2 Discussion
For eMTC, the PRB location of PRACH transmission when frequency hopping in enabled is determined by two higher layer parameters:
· prach-FreqOffset-r13, the CE level specific PRB offset 
· prach-HoppingOffset-r13, the UE level hopping offset between different subframes
UE and BS can calculate the exact PRB locations in each PRACH subframe following the hopping pattern defined in 36.211 and the above two parameters. As the two parameters are unspecified in the current test case, it will be impossible for UE (the test equipment) and BS to achieve common understanding about the PRB locations of the PRACH transmission, thus making the test execution very difficult. 

We understand some “offline” agreement could be reached between a pair of a BS vendor and a TE vendor regarding the missed parameters, but we do not think this is a good way forward. On one hand, the exact test parameters could be different for different BS vendors, which is not good from fairness point of view; on the other hand, a BS/TE vendor may have to implement multiple test models in order to test with multiple TE/BS vendors, thus increasing the cost of the test. Therefore, our preference is to specify the related parameters in RAN4 spec.
Regarding the exact values for the PRB offset and frequency hopping offset, our view is that they should be defined such that the PRACH transmissions hop between the two edges of the system BWs. This will enable the largest frequency diversity gain, and is thus a very meaningful setup when frequency hopping is used. Alternatively, one PRB could be left spare at both edges considering it is the typical PUCCH configuration in realistic network. 
Proposal 1: Specify the frequency offset and hopping offset values in the RAN4 PRACH performance test as 
· prach-FreqOffset-r13 = 0 or 1

· prach-HoppingOffset-r13 = (nNumPRB – 6) or (nNumPRB – 8)
Another issue with PRACH performance test with frequency hopping ON is that there is only one set of requirements applicable to all system BWs from 3MHz to 20MHz. In our previous study, we have compared the performance between 24PRB and 40PRB, and observed an up to 0.5dB difference. Since the difference is not very large, our understanding at that time was that there is no need for BW specific requirements. 

As we are now proposing to specify the frequency hopping related parameters to reflect the largest gain for the corresponding BW, we conducted more comprehensive simulation studies to understand the impact of system BW on the link level performance. The simulation assumption listed in Table 1 is same as what RAN4 agreed in [2] and in addition with the hopping parameters as in Proposal 1. In Table 2, the simulation results are shown in terms of the relative performance loss of a given system BW, compared to the largest BW 20MHz, and to the closest larger BW (e.g. for 10MHz, the closet larger BW is 15MHz).  
Table 1: Simulation assumptions

	Parameters
	Values
	Comments

	PRACH format
	Format 0, Format 1, Format 2, Format 3
	

	Propagation conditions
	AWGN, EPA1
	Due to the low mobility of Cat-M UEs, using EPA1 as in RLM requirements

	Number of TX antennas
	1
	

	Number of RX antennas
	2
	

	Antenna correlation
	Low
	

	Noise model
	AWGN
	

	Timing offset
	50% of the timing range plus random value in the range of [0~1]us.
	As defined in 36.141

	Repetition level
	Basline:

Format 0 and Format 1: {8,32}

Format 2 and Format 3: {4,16}

Other options are not precluded
	May not need to simulate all levels of {1,2,4, 8,16,32,64,128}

	Number of signatures reserved for Cat-M UEs
	16
	The size of preamble pool has impact on detection performance

	Frequency offset
	0Hz for AWGN, [270]Hz for EPA1
	More discussion may be needed for frequency offset

	Frequency hopping
	ON
	

	PRB offset
	1
	Value of prach-FreqOffset-r13

	Frequency hopping offset
	nNumPRB - 8
	Value of prach-HoppingOffset-r13


Table 2: Simulation results

	Propagation conditions and

correlation matrix (Annex B)
	System BW (MHz)
	Number of Repetitions
	Relative loss compared to 20MHz
	Relative loss compared to the closest larger BW

	
	
	
	BF0
	BF1
	BF2
	BF3
	BF0
	BF1
	BF2
	BF3

	EPA1 Low 270Hz
	3
	4
	-
	-
	3.90
	4.00
	-
	-
	3.20
	3.20

	
	
	8
	4.20
	3.60
	-
	-
	3.70
	3.10
	-
	-

	
	
	16
	-
	-
	3.40
	3.20
	-
	-
	2.50
	2.30

	
	
	32
	2.70
	2.70
	-
	-
	1.90
	1.80
	-
	-

	EPA1 Low 270Hz
	5
	4
	-
	-
	0.70
	0.80
	-
	-
	0.40
	0.40

	
	
	8
	0.50
	0.50
	-
	-
	0.10
	0.40
	-
	-

	
	
	16
	-
	-
	0.90
	0.90
	-
	-
	0.50
	0.40

	
	
	32
	0.80
	0.90
	-
	-
	0.50
	0.40
	-
	-

	EPA1 Low 270Hz
	10
	4
	-
	-
	0.30
	0.40
	-
	-
	0.30
	0.40

	
	
	8
	0.40
	0.10
	-
	-
	0.00
	0.20
	-
	-

	
	
	16
	-
	-
	0.40
	0.50
	-
	-
	0.20
	0.30

	
	
	32
	0.30
	0.50
	-
	-
	0.10
	0.30
	-
	-

	EPA1 Low 270Hz
	15
	4
	-
	-
	0.00
	0.00
	-
	-
	0.00
	0.00

	
	
	8
	0.40
	-0.10
	-
	-
	0.40
	-0.10
	-
	-

	
	
	16
	-
	-
	0.20
	0.20
	-
	-
	0.20
	0.20

	
	
	32
	0.20
	0.20
	-
	-
	0.20
	0.20
	-
	-


From Table 2, it can be observed that 
1) There is clear issue with 3MHz, where the gap compared to next BW (5MHz) up to 3.7dB

2) For 5MHz, the gap compared to the next BW (10MHz) is smaller, but can still be up to 0.5dB. Similar gaps are observed for 10MHz (compared to 15MHz) and 15MHz (compared to 20MHz). 

The second observation is consistent with what we observed last year, but now based on the full results of all system BWs, our understanding is that the system BW has a systematic impact on the performance due to different diversity gains from hopping, so the difference cannot be included in the implementation margin or test tolerance.   

Our suggestion is to define system BW specific performance requirements for PRACH. The reason is that with lower BW the performance cannot meet the requirements derived based on a larger BW, and on the other hand, requirement derived based on lower BW will not reflect the higher diversity gain with higher BW. 
We do understand RAN4 may not have time to reopen the requirements since the performance part of the WI is already closed. Based on the observations that 3MHz has a clear gap compared to other BWs and that the gap between 5MHz and 20MHz is 0.75dB, an alternative option to go is to remove the test for 3MHz and define a single set of requirements that can be met by all BWs from 5MHz to 20MHz. This can be done via a relaxation of the current requirement by XdB, e.g. X=0.5. 
Proposal 2: RAN4 to consider following two options for the PRACH requirements with frequency hopping ON.

· Option 1: Define system BW specific requirements 

· Option 2: Remove the test for 3MHz and define a single set of requirements that can be met by all BWs from 5MHz to 20MHz, e.g. by relaxing the current requirement by XdB.   
3 Conclusions 

In this paper, we addressed two issues for PRACH performance test for eMTC and provided our views. One issue is the missed parameters for frequency hopping, which may make the test execution difficult. The other issue is the dependency of performance requirements on the system BW.
Specifically, we have the following proposals.

Proposal 1: Specify the frequency offset and hopping offset values in the RAN4 PRACH performance test as 

· prach-FreqOffset-r13 = 0 or 1

· prach-HoppingOffset-r13 = (nNumPRB – 6) or (nNumPRB – 8)

Proposal 2: RAN4 to consider following two options for the PRACH requirements with frequency hopping ON.

· Option 1: Define system BW specific requirements 

· Option 2: Remove the test for 3MHz and define a single set of requirements that can be met by all BWs from 5MHz to 20MHz, e.g. by relaxing the current requirement by XdB.   
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