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1. Introduction 
In the RAN2 meeting #77, it was discussed that RB overhead due to RACH-based SR is also high in the case of background traffic [1]. After RAN2 meeting #77bis, an email discussion took place on RACH usage. In this paper, we provide an analysis of RACH performance for UEs running background traffic and the utilization of RA channel. We evaluated both network level preamble collision probability and UE experienced preamble collision probability. 
2. Evaluation Assumptions
2.1. RACH simulation parameters and assumptions
Table 1 summarizes the major RACH parameters used in this study. We assume the processing latency of each step of the RACH procedure as per Table B.1.1.1-1 in TR 36.912 [2].
Table 1: Simulation parameters for RACH
	Parameter
	Setting
	Remark

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

	Total number of preambles
	64
	We assume all 64 preambles are used for contention-based RA procedure.

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

	Ra-ResponseWindowSize
	5 ms
	

	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 (non-adaptive HARQ)
	10%
	Probability of successful decoding of Msg3 and Msg4 is 90%

	Maximum number of HARQ TX for Msg3 and Msg4 (non-adaptive HARQ)
	5
	


Note that PRACH configuration index 0 can support the lowest cell bandwidth of 1.4 MHz. This is also the configuration supporting least amount of resources that can be dedicated to PRACH, corresponding to 6 RBs every 20ms.
A single cell environment is assumed. If two or more UEs transmit the same PRACH preamble in a particular PRACH occasion, those UEs are supposed to have collided. In case of no collision, error free preamble detection is assumed as our objective is to analyse the preamble retransmissions caused by collision. 
2.2. Background traffic model
In this paper, we use background traffic for each UE where background traffic is based on the background traces that are included in TR 36.822 [3, 4]. We use 5 different 24 hours background traffic traces. Background traffic runs at UEs throughout the simulation. For all packets originated within a 1ms period by a particular UE, it is assumed that only 1 PRACH procedure will be required. A UE cannot handle more than one PRACH processes simultaneously as it is specified in 36.321 Section 5.1.1:
“There is only one Random Access procedure ongoing at any point in time. If the UE receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.”

However, for simplicity in current simulation, new PRACH procedure is started by new packets in upcoming PRACH occasion even though PRACH process may already be ongoing or rescheduled due to preamble collision. Note that in real scenario, each UE may not need to go through new PRACH procedures for multiple packets being originated within a short duration.  

For generation of multiple UE traffic, we use the same trace for all UEs but assign a randomly selected portion of the trace to each UE where the length of the portion is equal to the simulation duration.

2.3. Metrics for evaluation
2.3.1. Network-wide preamble collision probability
For the purpose of evaluation, the preamble collision probability is defined as the ratio between the number of occurrences when two or more UEs send a random access attempt using exactly the same preamble and the overall number of opportunities (with or without access attempts) in the period of interest (from the start of first packet by any UE to end of successful or unsuccessful random access procedure for the last packet by any UE). 
2.3.2. PRACH utilization
This is defined as the average amount of PRACH resources being utilized. This is calculated as the ratio between the total number of used PRACH preamble signatures and the overall number of PRACH preamble signatures transmission opportunities in the period of interest.

2.3.3. UE experienced preamble collision probability
This metric represents the collision of preambles when seen from the UE side. It is the percentage of total preambles transmitted by the UE which get collided at eNB, averaged over all UEs.

Note that, for all metrics above, we consider the PRACH load due to RACH procedures required by UE background traffic only, but do not consider the RACH procedures which may be required by other mechanisms such as BSR in 1.4 MHz bandwidth.

3. Simulation Results
In the following results, each figure shows 5 different curves corresponding to different background traces (Trace 1 to Trace 5).  Figure 1 shows the network-wide preamble collision probability for different number of UEs for various traces.
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Figure 1: Network-wide Preamble Collision Probability vs. number of UEs.

It is clear from Figure 1 that the network-wide preamble collision probability due to background traffic is very low even in presence of very high number of background UEs and even when the least possible configuration for PRACH resources is used. 
Observation 1: The network-wide preamble collision probability due to background traffic is very low (less than 1%) even in presence of very high number (4000) of background UEs.

Figure 2 shows the PRACH resource utilization. It is observed that the PRACH resource utilization increases with increase in number of background users. It is also clear from the figure that the portion of PRACH resources consumed by background traffic is low even though we assume that new packet from the same UE can start multiple PRACH procedures. 
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Figure 2: Utilization of PRACH resources due to background traffic PRACH operations.

For an FDD system with 5 MHz UL bandwidth and preamble format 0 (i.e., 1ms duration of preamble), the amount of UL resources assigned to PRACH in configuration index 0 corresponds to only 1.2% (There are 25RBs, of which 6 RBs are used for PRACH for 1ms in every 20ms). Therefore, it is clear that the amount of total uplink resources consumed by background users’ PRACH procedure is minimal.
Observation 2: The PRACH utilization due to background traffic is minimal (less than 10%) even for high number of users (4000) and least resources assigned to PRACH (configuration 0).
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Figure 3: User Experienced Collision Probability for Preamble Retransmission 

In Figure 3, we show the preamble collision probability of first (initial) and second transmission individually. In our simulations, we found that after third transmission success rate is close to 100% (Figure 4). Even though with the first preamble transmission we may not satisfy the 99% success rate (less than 1% collision), we can achieve less than 1% collision (more than 99% success) after second preamble transmission. In TR 36.822 Section 5.1.3, it is shown that in order to achieve 99% success rate, amount of PRACH resources need to be increased which leads to an increased PRACH resource requirement. Background traffic is delay tolerant, so we think there is no need to focus on the User Experienced collision for the first preamble alone, but should focus on the success performance after the PRACH process is completed. Therefore, we don’t see a need for optimization of PRACH process for background traffic in eDDA work item.
In all above cases, the success rate of PRACH process was observed to be always more than 99.99% within the maximum preamble retransmission limit. This is clear from Figure 4 that when the number of UE increases, there is a slight increase in number of preamble (re)transmissions per RA procedure. However, it is observed that number of preamble transmission more than 1 due to collision is rare and more than 2 is almost non-existent even for as large as 4000 background users in a cell.
Observation 3: Even though we may not get 99% success rate at the first preamble transmission, we can achieve the success rate above 99% after second preamble transmission even for high number of users (4000) and least resources assigned to PRACH (configuration 0).
Proposal 1: We propose RAN2 to discuss and conclude that there is no need for further optimization of PRACH for background traffic.
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Figure 4: Distribution of num. of preamble transmissions per RA procedure vs. number of UEs using Trace 1.

Proposal 2: It is proposed to include the results in Figures 1, 2, 3 and 4 within Section 5.1.3 of TR 36.822.

4. Conclusions
Observation 1: The network-wide preamble collision probability due to background traffic is very low (less than 1%) even in presence of very high number (4000) of background UEs.

Observation 2: The PRACH utilization due to background traffic is minimal (less than 10%) even for high number of users (4000) and least resources assigned to PRACH (configuration 0).
Observation 3: Even though we may not get 99% success rate at the first preamble transmission, we can achieve the success rate above 99% after second preamble transmission even for high number of users (4000) and least resources assigned to PRACH (configuration 0).
Proposal 1: We propose RAN2 to discuss and conclude that there is no need for further optimization of PRACH for background traffic.

Proposal 2: It is proposed to include the results in Figures 1, 2, 3 and 4 within Section 5.1.3 of TR 36.822.
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