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1. Introduction
In the RAN2 meeting #77bis, it was discussed that RB overheads due to dedicated SR (D-SR) are very high compared to the user data in cases of background traffic and IM traffic [1]. Extending D-SR period is a simple method to reduce the RB overheads of D-SR but at the same time leads to an increasing delay. In this document, we provide also an evaluation of RACH performance for UEs running background traffic and IM traffic. 
2. Simulation Assumptions
2.1. Simulation assumptions and RACH related parameters
Table 1 lists the common simulation assumption and RACH related parameters used in our simulation, which major parameters are assumed as the parameters in Table 6.2.2.1.2 of TR 37.868 [2]. The processing latency of each step of the RACH procedure is assumed as Table B.1.1.2-1 in TR 36.912 [3].
Table 1 Simulation Parameters

	Parameter
	Setting
	Remark

	TDD UL/DL Configuration
	1
	

	TDD PRACH Configuration Index
	0
	PRACH is available on subframe #3 of every even radio frames (i.e., every 20ms)

	Total number of preambles
	54
	We assume that 10 preambles are configured to be dedicated and the other 54 can be used for contention-based RA procedure. 

	Maximum number of preamble transmission
	5
	If PRACH procedure is not successful even after this number of attempts, then the UE fails.

	Ra-ResponseWindowSize
	5ms
	

	mac-ContentionResolutionTimer
	48 ms
	

	Backoff Indicator
	20ms
	If there is a preamble collision, UE randomly selects backoff duration [0…20ms] before next attempt.

	HARQ retransmission probability for Msg3 and Msg4 
	10%
	Probability of successful decoding of Msg3 and Msg4 is 90%

	Maximum number of HARQ TX for Msg3 and Msg4
	5
	


PRACH configuration index 0 has the least amount of resources that can be allocated to PRCAH, which corresponds to 6RBs every 20ms. This configuration also has the largest wait delay for PRACH occasion.
In our simulation a single cell is considered. If two or more UEs transmit the same preamble in the same PRACH occasion, all UEs are supposed to be collided. In case of no collision, following detection model is considered:
· Preamble detection probability model: the detection probability for the i-th preamble transmission is [image: image1.wmf]1
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 according to section 6.2.1.1 in TR 37.868 [2], which is to take into account the effects of radio channels, e.g.  path loss, fading, inter-cell interference and etc. The comparison between preamble detection probability model and idealistical error free detection model is attached in the Appendix.
2.2. Traffic model
In this document, all UE has the same traffic in each simulation. And traffic models can be background (trace 16, trace 17 and trace 20 in the eDDA TR) or IM (trace 58). 
UL data is generated according to packet arrival CDF of particular trace. Each UL packet arrival will trigger a new RACH procedure. An exceptional case is when new UL packet is arriving and the last RACH procedure has not finished, new RACH procedure is not triggered to avoid UE to handle more than one RACH processes simultaneously.
At the beginning of simulation, all UEs will randomly select service start points in [0…60s]. Simulation duration is 3600s and the statistic time starts at 100s and ends at 3500s, which is considered as a stable state of system. 
2.3. Metrics

· Preamble collision probability
The preamble collision probability is defined as the ratio between the number of occurrences when two or more UEs send the same preamble at the same PRACH occasion and the overall number of opportunities (with or without access attempts) in the period of statistic duration (when the system is in stable state, e.g. 100s to 3500s).
· RA-SR success probability
RA-SR success probability is defined as the probability to successfully complete the random access procedure within the maximum number of preamble transmissions.
· Average RACH delay

Average RACH delay is calculated as the delay between the UL packet arrival and the finished point of RACH procedure. The finished point of RACH procedure means the time point that the RACH contention resolution is completed successfully.
3. Simulation Results
In our simulations, 4 different trace data are used as inputs respectively and these traces are from TR of eDDA. Trace 58 is IM traffic. Trace 16 is multiple background traffic. Trace 17 and Trace 20 are skype background traffic and facebook background traffic respectively. 
Figure 1 shows the preamble collision probability for different number of UEs for various traces with Preamble detection probability model. 
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Figure 1
It can be seen from Figure 1 that the preamble collision probability due to RA-SR procedure of background traffic is very low (less than 1%) even in case of 4000 UEs with the least PRACH resource configuration. The preamble collision probability due to RA-SR procedure of IM traffic is a little higher than that in case of background traffic but is also acceptable even using the above rigorous preamble detection model. 
Observation 1: The preamble collision probability due to RA-SR procedure caused by background traffic and IM traffic is acceptable even in case of 4000 UEs in one cell.

In the next steps, detailed RACH performance such as RA-SR success probability and delay will be evaluated.
Figure 2 shows the RA-SR success probability for different number of UEs for various traces with Preamble detection probability model.
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Figure 2
It can be seen from Figure 2 that the worst RA-SR success probability due background traffic or IM traffic is about 99.75% in case of 4000 UEs with the least PRACH resource configuration. 
Figure 3 shows the average RACH delay for different number of UEs for various traces with Preamble detection probability model.
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Figure 3
It can be seen from Figure 3 that the longest average RACH delay due to background traffic or IM traffic is about 45ms in case of 4000 UEs with the least PRACH resource configuration (PRACH configuration 0). This delay is similar with the average delay caused by 80ms D-SR period configuration. The PRB ratios to user data in cases of RA-SR (Configuration 0) and D-SR (80ms period) are 27.9% and 258% (according to [1]) respectively considering 4000 UEs in case of trace 58.
The following analyses and evaluations are illustrated with Trace 58.
Table 2 lists PRACH PRB overhead ratios to 4000 User’s data with different PRACH configurations.
Table 2 PRACH PRB overhead (%)
	
	PRACH Configuration 0

(subframe #3 of every even radio frames)
	PRACH Configuration 3

(subframe #3 of every radio frames)
	PRACH Configuration 6

(subframe #3 and #8 of every radio frames)

	PRACH PRB overhead(% ratio to 4000 user data)
	27.9%
	55.7%
	111%


Figure 4 shows RA-SR success probability for different number of UEs with various PRACH configurations. Figure 5 shows the average RACH delay for different number of UEs with various PRACH configurations.
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Figure 4
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Figure 5


From the above Table2, Figure4 and Figure5, it can be seen that RACH performance will be improved largely when the PRACH resources is increased especially in the case of high number of users. And the additional PRACH PRB overhead is still greatly smaller than the one in D-SR mechanism.
Observation 2: Just increasing some PRACH resources (e.g. configuration 3) will lead to a great RACH performance improvement especially in case of large number of users. And additional PRACH PRB overhead is also acceptable.
Proposal 1: It is proposed to include the results in Figures 1 to 5 and Table 2 within Section 5 of TR 36.822.

4. Conclusions

In this contribution, we provide an evaluation of RACH performance for UEs running background traffic and IM traffic. According to our analysis and simulation results, we have the following observations and proposals:
Observation 1: The preamble collision probability due to RA-SR procedure caused by background traffic and IM traffic is acceptable even in case of 4000 UEs.
Observation 2: Just increasing some PRACH resources (e.g. configuration 3) will lead to a great RACH performance improvement especially in case of high number of users. And additional PRACH PRB overhead is also acceptable.

Proposal 1: It is proposed to include the results in Figures 1 to 5 and Table 2 within Section 5 of TR 36.822.
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6. Appendix

Figure 6 shows the number of preamble transmissions per RA procedure for different number of UEs for various traces with error free preamble detection model in case of trace 58. Figure 7 shows the result with Preamble detection probability model.
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Figure 6
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Figure 7
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