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1 Introduction
In [1], we propose the Contention Based (CB) uplink access as one of the concepts for this work item. In this paper, we show that even when there are collisions on the CB resource, we can improve performance of user data from Rel-9 by using CB uplink access, provided that a suitable retransmission scheme is included. 

2 Reduced latency

As was shown in [2], the CB access proposal reduces the latency from 9.5 ms in Rel-9 to 5.5 ms, thus giving 40% shorter latency in the best case. The latency for different releases is shown in Table 1. It should be noted that the latency can be further shortened if the UE can perform the L2 processing faster than the standard 3 ms processing between the grant reception and the actual transmission, since the UE may read the CB grants already before it has data in buffer.
Table 1. Latency in Rel-8, Re-9 and with CB access.
	Latency in Rel-8
	Latency in Rel-9
	Latency with CB

	13.5 ms
	9.5 ms
	5.5 ms

	-
	30% shorter than Rel-8
	60% shorter than Rel-8

	-
	-
	40% shorter than Rel-9


However, as have been shown in several papers before, if a collision happens [3,4,5,6], fast retransmissions are needed in order to keep the latency at an acceptable level. 
3 Improved performance

Figure 1 shows simulation results comparing a Rel-8 solution where a 10 ms SR period is used and Rel-9 solution where a 1 ms SR period is used, with three different versions of the CB access. The basic CB solution refers to a solution where one CB grant per TTI is sent and no fast retransmission scheme is deployed. The second solution adds a local NACK (LN) based fast retransmission scheme on top of this solution. Here the UE issues a local NACK from the UE MAC to the UE RLC, whenever a NACK is received on PHICH for the CB transmission. The third solution is a HARQ based solution, where we assume that adapative HARQ retransmissions can be scheduled for users in case a collision happens. 
The simulated traffic is 100 kB file download with FTP utilizing TCP/IP protocols. The network is assumed to have rather low load. On average there is a single user in a cell, but occasionally there might be more. The  collision probability of the CB transmissions was ~30% in average. 
As can be seen in the figure, even with the basic CB solution, more than 70% of the users gain from using CB access when compared to Rel-9, and more than 95% gain significantly when compared with Rel-8.
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Figure 1. 100 kB FTP file download performance with and without CB access.
As can also be seen in Figure 1, ~20% of the users perform worse than Rel-9 when using the basic CB with no fast retransmission scheme. This is due to relying on the slower RLC AM retransmissions. A small portion of users are performing even significantly worse than with Rel-8. 
On the other hand, adding fast retransmission based on either LN or HARQ improve the situation significantly. With the LN based solution, all users outperform the Rel-8, while with the HARQ based scheme all users perform as well as with Rel-9. It should be noted that the complexity of the LN based scheme is assumed significantly lower compared to the HARQ based scheme. 
Table 2 summarizes the average gains achieved with the CB access solutions when compared to the Rel-8 and Rel-9 based solutions.

Table 2. Average gains of different CB access solutions. 
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CB with LN 55 % CB with LN 15 %

CB with HARQ 55 % CB with HARQ 20 %
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4 PUCCH load

As was shown in [2], the Rel-9 solution causes a significant PUCCH overhead, when the number of users in the system increases.

When comparing the performance of CB with Rel-9, it should be noted that 10 ms SR period was used in the CB simulations. Thus the PUCCH load can be kept significantly lower in the CB case than in the Rel-9 case. It can be, of course, argued that with this low load, the 1 ms SR period does not cause significant PUCCH overhead. However, as the load increases, the PUCCH resources will need to be reconfigured to all users simultaneously with dedicated RRC signalling. Obviously, this sort of reconfiguration of resources can be very difficult just from a signalling perspective, and the algorithms to time the reconfiguration correctly need to be carefully designed in order to avoid ping-pong type of reconfigurations between the short and long SR periods.
5 Conclusions

The CB access solution improves uplink latency 40% in the best case when compared to Rel-9. In a FTP download of 100 kB object, the improvement on the object bitrate level is on average 40-45% when compared to Rel-8 and 10% when compared to Rel-9. 
We believe that the improvement with these rather basic solutions is large enough to continue the work on latency reductions based on the CB access.
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