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1 Introduction
The possibility of using contention based uplink transmission to reduce latency of transition from dormant to active for LTE-A was first suggested in [1]. Details of the contention based uplink transmission were later on proposed in [2]. The general concept of CB transmission is that users with uplink synchronization can transmit uplink data on unused RBs directly without going through the handshaking of scheduling request (SR) and scheduling grant. Therefore, both latency and signaling overhead are reduced. There were some concerns raised regarding contention based uplink transmission during last RAN WG2 meeting # 66bis. The major concerns are the performance of contention based transmission when the load increases and  if LTE-A delay requirement can be met by lowering SR PUCCH periodicity. In this paper we further discuss and investigate both concerns. 
2  Discussion
2.1 Performance analysis of CB uplink transmission
In this section, the collision probability performance of contention based uplink transmission is evaluated.  
2.1.1 Simulation Assumptions
For the convenience of illustration, we consider a LTE-A cell with 20 MHz bandwidth (i.e., 100 uplink RBs). The performance results can be extended to cases of lower cell bandwidth or carrier aggregation since the number of resources and number of supported simultaneous are scalable to the bandwidth. 
Number of simultaneous users
In LTE R8, it is expected the system can support about 200 simultaneous users per 5 MHz spectrum. System capacity of LTE-A is not discussed yet, but we expect the number of simultaneous users that can be supported per 5 MHz spectrum should be no less than that in LTE R8. The number of simultaneous users in the cell is denoted as NUE. 
The CB transmission rate 
We assume that during the dormant sub-state (within the RRC connected mode), a UE will generate new data (which will trigger a SR) with a Poisson arrival rate in the magnitude of once per 10 seconds. Actually, this is a pessimistic assumption because the assumed data arrival rate is much higher than those in technical literature such as [3]. We also pessimistically assume each triggered SR will lead to CB uplink transmission, although a SR can be transmitted on a periodic PUCCH when available. For example, if the periodicity of PUCCH is 5 ms, then at least 20% triggered SR can be transmitted on PUCCH, therefore will not lead to CB uplink transmission. Under the pessimistic assumption, the rate of CB transmission is equivalent to the SR triggering rate (or data arrival rate), and is denoted as λ. The total number of CB transmissions per second from all users in the cell, denoted by λtotal, is given by NUE × λ. Based on these values, typical value of λtotal in a 20MHz cell is 80 transmissions/second (200×4×0.1Tx/second). In the following performance evaluation, λtotal up to 1000 transmissions/second is used to further stress test the CB transmission. This is most likely the theoretical limit with proper eNB scheduling (i.e. <=1sec per dormant to active rate per UE) since we assume for any period less than this the eNB would just maintain the UE in active state.  
Upon a successful CB transmission the UE will transit from dormant to active sub-state if there are available resources and if resources are temporally unavailable the eNB already knows about the UE UL requirement from the BSR in the initial CB transmission and subsequent CB transmission will not provide much benefit. Therefore we assume a prohibit mechanism (details to be worked out) will be defined that limits a UE’s access to CB transmission after a recent access. Accordingly the following analysis assumes one CB access per transition from dormant to active state.   
The number of CB transmission opportunities 
The number of available CB resources depends on the system load. For example, a 90% system load means 10% RBs are unused, therefore available for CB transmission. The unused RBs will be signalled to all the UEs as contention based resources. The number of CB resources in one sub-frame is denoted as
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We assume that each UE’s CB uplink transmission uses a fixed number of CB RBs, or called the CB transmission size, denoted by K. Then, the number of non-overlapping CB transmission opportunities per second, denoted by Nop, is given by 1000×
[image: image2.wmf]ë

û

K

N

RB

CB

/

_

. The number of available CB transmission opportunities per second is plotted as a function of system load with various CB transmission size (K) in Figure 1.
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Figure 1: Number of contention based transmission opportunities
2.1.2 Performance 

The most important performance metric of the contention-based uplink transmission is the collision probability, which is defined as the probability that two or more UEs will transmits on the same RBs. It is given by
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We evaluate the collision probability performance under different system loads (from light-load to heavy-load), CB transmission rates and CB transmission sizes. 

Given λtotal of 800 contention transmissions per second, the collision probabilities of contention based uplink transmission are plotted as functions of system load with various CB transmission sizes in Figure 2. Note that λtotal of 800 contention transmissions per second can be interpreted as either 8000 simultaneous users with data arrival rate of 1/10 times per second or 800 simultaneous users with data arrival rate of once per second. As shown in the figure, even at heavy system load of 95%, appropriate CB transmission sizes (K = 1 and 2) yields very low collision probabilities (1% and 4% respectively). However, a large CB transmission size (K =5) yields unacceptably high collision probability (19%) at heavy load. 
Given 90% system load, the collision probabilities of contention based uplink transmission are plotted as functions of number of CB transmissions per second with various CB transmission sizes in Figure 3. As shown in the figure, even at high CB transmission rate of 1000 times per second, appropriate CB transmission sizes (K = 1 and 2) yield very low collision probabilities (0.5% and 1.8% respectively). However, a large CB transmission size (K = 5) yields high collision probability (9%). 

The performance shows that when CB transmission size is limited (for example, 2 RBs), contention based uplink transmission has low collision probability supporting a large number of simultaneous users even at heavy system load. Note that even with conservative modulation and coding such as QPSK and ½ coding rate, limited CB transmission size of 2 RBs allows transmission of more than 270 bits (excluding CRC bits). The 270 bit payload is enough to transmit TCP ACK (with compression by ROHC), C-RNTI MAC CE and BSR and therefore should be sufficient for most CB accesses. Our conclusion is the CB transmission proposed in [2] will support initial transmission requirements for reducing the dormant to active state transition latency. 
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Figure 2: Collision probabilities of contention based transmission (λtotal = 800 CB transmissions per second)
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Figure 3: Collision probabilities of contention based transmission (given 90% load)
2.2 Feasibility of Lowering SR PUCCH Periodicity 

For LTE R8, breakdown of delay caused by different components for synchronized uplink initiated dormant to active transition is shown in Table 1 [1]. 
Table 1: Uplink initiated dormant to active transition for synchronized UE (error free)

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5

	2
	UE sends Scheduling Request
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	
	Total delay
	11.5


One concern raised up during last RAN WG2 meeting is that LTE-A dormant to active transition delay requirement (10 ms) can be met by lowering SR PUCCH periodicity.  As shown in Table 1, the average waiting time (for periodic PUCCH) has to be lowered to 1 ms to meet the latency requirement of 10 ms. This requires the PUCCH periodicity to be reduced to 2 ms. One uplink physical RB can support up to 18 orthogonal type 1 PUCCHs using different time-domain orthogonal spreading codes and cyclic shifts (3 different time-domain orthogonal spreading codes and 6 different cyclic shifts). With a conservative estimate that a LTE-A cell support only 200 simultaneous users per 5MHz spectrum (the same as in LTE R8), periodic PUCCH alone will cost 23% of uplink resources, which is too high. If more users are supported in a LTE-A cell, the overhead will scale up and be even higher than 23%. Therefore, lowering SR PUCCH periodicity to achieve latency requirement is not preferred. 
3 Summary and conclusions 
In this contribution, we have investigated the collision probability of CB transmission and the overhead of lowering PUCCH periodicity to achieve LTE-A transition latency requirement. The results show that CB uplink transmission offers an efficient yet reliable way to transmit small data packet, while lowering PUCCH periodicity to meet LTE-A requirement has unacceptably large overhead. 
Based on the investigation, we recommend RAN2 to further study the contention based transmission as a candidate solution to achieve the LTE-A latency requirement.  
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