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1. Introduction
For MTC application, one of the main characteristics is the dramatically increased number of UEs compared to H2H users. In some use case, e.g, smart metering, large amount of MTC devices need to access to the network simultaneously or within a limited period of time which obviously makes a challenge to the RACH capacity of current systems. Regardless of the exact expected RACH intensity in different use cases, in different cities, it makes sense to evaluate the RACH capacity for the current systems so that we can have a clear understanding whether the RACH capacity makes a bottleneck or not for a specific use case. 
In previous meetings, the RACH capacity for LTE and WCDMA were analyzed and the relevant evaluation results have been captured in [1].  Since the RACH procedure, i.e. the random access procedure for 1.28Mcps TDD is different from that for LTE and WCDMA, e.g. the different signature scheme, the different MAC layer operation and etc., the RACH capacity could also be different. In this contribution, we aim to make some analysis on the RACH capacity for 1.28Mcps TDD.
2. Discussion
2.1. Random Access Procedure

In pre-release8, the legacy random access procedure is performed by the UE as below:

Step 1: MAC receives the RACH transmission control parameters including maximum number of synchronisation attempts Mmax and a set of Access Service Class (ASC) parameters: an identification of a PRACH partition and a persistence value Pi (transmission probability).
Step 2: When there is data to be transmitted, MAC selects the ASC from the available set of ASCs, which consists of an identifier i of a certain PRACH partition and an associated persistence value Pi. Based on the persistence value Pi, MAC decides whether to start the L1 PRACH procedure in the present transmission time interval or not. If transmission is allowed, the PRACH transmission procedure (see from step 3 to step 5) is initiated. If transmission is not allowed, a new persistency check is performed in the next transmission time interval. 

Step 3: The physical layer randomly selects one SYNC_UL codes respectively from the available ones and sends this signature at UpPCH.
Step 4: After sending a signature, listen to the relevant FPACH for the next WT sub-frames to get the network acknowledgement. 
Step 5: In case no valid answer is detected in the due time: Increase the Signature transmission power by P0 = Power Ramp Step [dB], decrease the Signature Re-transmission counter by one and if it is still greater than 0, then repeat the random access procedure from step 1; else report a random access failure to the MAC sub-layer.

Step 6:
In case a valid answer is detected in the due time, send the RACH message on the relevant PRACH. 
Note: If MAC receives from the PHY of the random access failure, if the maximum number of synchronisation attempts permitted, Mmax, has not been exceeded, then MAC commences a new persistency test sequence in the next transmission time interval. If the maximum number of synchronisation attempts is exceeded then MAC abandons the RACH procedure.
In release 8, the enhance CELL_FACH feature was introduced and the enhanced initial random access procedure can be acted as below:
Step 1) ~ step 5) are omitted here because they are the same as the legacy procedure mentioned in the paragraphs above.
Step 6:
In case a valid answer is detected in the due time, send the SI (scheduling Information: including the buffer status) on the relevant E-RUCCH.
Step 7: Monitoring the E-AGCH for grant and if the E-AGCH is received, the UE send the RACH message via E-PUCH.
Comparing the legacy random access procedure and the enhanced procedure, step 6) and the additional step7) of the enhanced procedure, i.e. sending SI on E-RUCCH and monitoring the E-AGCH are different.
2.2. Simulation

This simulation aims to search the margin of the RACH capacity for 1.28Mcps TDD as the basis for further evaluation, regardless of the multiple transmissions for RACH message. As mentioned in section 2.1, step 1~step 5 for both the legacy random access procedure and the enhanced procedure are the same, so the RACH capacity for these two procedures should be the same if the multiple transmission for RACH message is not considered. 
To achieve the “best” RACH capacity, the number of the FPACH/PRACH pairs configured for the cell, i.e. on the primary frequency is set as 8. It is assumed that the arrival of RACH requests matches the Poisson distribution. The detailed simulation assumptions are shown in Table 1.
	RACH attempt failure ratio
	1%

	MAC Layer Parameters

	Mmax (Mac Layer Transmission Number)
	1, 2, 3, 4

	ASC
	

	
	Number of signatures (SYNC_UL codes)
	8

	
	Pi (transmission probability)
	0.3, 1

	Physical Layer Parameters

	Number of FPACH
	8

	Number of PRACH associated to each FPACH
	1

	SF of PRACH
	1/2

	RACH TTI
	5 ms

	WT
	1 (subframe)

	Physical Layer Transmission Number
	1, 2, 4, 8


Based on the simulation assumption above, Table 2 and Figure 1 show the simulation results of the supported RACH Intensity in different configurations.
Table 2: Simulation Result of Supported RACH Intensity for 1.28Mcps TDD

	Configurations
	Results

	
	Pi=1.0
	Pi=0.3

	MAC layer Transmission number
	Physical Layer Transmission number
	Supported RACH Intensity
 (RACH Attempts/s)
	Supported RACH Intensity
 (RACH Attempts/s)

	1
	1
	16
	16

	
	2
	90
	90

	
	4
	312
	312

	
	8
	442
	442

	2
	1
	90
	140

	
	2
	312
	355

	
	4
	442
	484

	
	8
	409
	436

	3
	1
	215
	286

	
	2
	412
	478

	
	4
	435
	488

	
	8
	358
	370

	4
	1
	312
	395

	
	2
	442
	519

	
	4
	409
	452

	
	8
	318
	347



[image: image1.emf]0

100

200

300

400

500

600

1 2

4

8

Max SYNC_UL Transmissions

S

u

p

p

o

r

t

e

d

 

R

A

C

H

 

i

n

t

e

n

s

i

t

y

 

(

R

A

C

H

 

A

t

t

m

p

t

s

/

s

)

Mmax=1,Pi=1.0

Mmax=2,Pi=1.0

Mmax=3,Pi=1.0

Mmax=4,Pi=1.0

Mmax=1,Pi=0.3

Mmax=2,Pi=0.3

Mmax=3,Pi=0.3

Mmax=4,Pi=0.3


Figure 1: Simulation Result of Supported RACH Intensity for 1.28Mcps TDD

From the simulation results shown above, we can have the following knowledge:
1) Increasing the physical layer transmission times and the MAC transmission times (Mmax) can dramatically increase the supported RACH Intensity.
2) When Mmax >1, decreasing the Pi value can increase the RACH capacity at a certain extent, e.g. comparing Pi=0.3 to Pi=1, the increasing extent is less than 10%. However the transmission delay will increase correspondingly.
3) The margin of the supported RACH Intensity for 1.28Mcps TDD could achieve more than 500 RACH attempts/s per carrier.
Observer: If the related parameters are appropriately configured, the margin of the supported RACH Intensity for 1.28Mcps TDD could achieve more than 500 RACH attempts/s per carrier. 
2.3. Analysis on RACH Procedure
For 1.28Mcps TDD, as mentioned in section 2.1, there are two types of random access procedures. For the legacy procedure, 6 steps are included and for the enhanced procedure, 7 steps are included. Although there is one more step needed for the enhanced procedure, i.e. sending SI on E-RUCCH and monitoring the E-AGCH, in case that the amount of the RACH message is large, the network can allocate the E-PUCH resource according to the SI and RACH message can be transmitted within one TTI. While for the legacy procedure, due to the limited PRACH resource, several transmissions will be needed and this may cause longer occupation of the RACH channel, and then affect the RACH capacity.

So in application areas when the RACH message is large, using the enhanced random access procedure can be a better choice to avoid the transmission delay of RACH message and the impact on the RACH capacity. However, the detailed scheme needs further study.

Proposal: In MTC application areas when the RACH message is large, it is foreseen that using the enhanced random access procedure can avoid the transmission delay of RACH message and the impact on the RACH capacity. The detailed scheme is worth of further study.
3. Conclusion

This contribution analyzes the RACH capacity for 1.28Mcps TDD and we give the corresponding observer and proposal as following:

Observer: If the related parameters are appropriately configured, the margin of the supported RACH Intensity for 1.28Mcps TDD could achieve more than 500 RACH attempts/s per carrier. 
Proposal: In MTC application areas when the RACH message is large, it is foreseen that using the enhanced random access procedure can avoid the transmission delay of RACH message and the impact on the RACH capacity. The detailed scheme is worth of further study.
It is proposed to discuss the analysis of RACH capacity shown in this contribution and if approved, capture the simulation part in TR 37.868 for further evaluation.
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