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1 Introduction
In the last RAN1 meeting  (RAN1#61) some companies highlighted several issues that needed further analysis in order to judge the merits of E-DCH TTI alignment between CELL_FACH UEs and CELL_DCH UEs and the introduction of per-HARQ process grants in CELL_FACH state. More specifically, the following issues were raised as potential concerns:
· Same coverage should be possible to achieve

· The same coverage can be ensured with per-HARQ process grants as with Rel-8 operation

· Simulations assumptions based on 25.823 TR

This contribution presents simulation result that provides measured performance gains of the introduction of “Per HARQ” grants in CELL_FACH and E-DCH TTI alignment between CELL_FACH and CELL_DCH UEs.
2 Simulation Assumptions
A smartphone type of scenario was reproduced using mainly 3GPP case 1 parameters. Following the assumptions outlined in TR 25.823 simulations with few exceptions (see Table 1) the scenario emulates a scenario where several UEs are operating in CELL_FACH state. As a consequence, no macro diversity or cell reselection is done during the E-DCH transmissions. 
The data rates are limited by the scheduler to keep a 95-percentile of the noise rise according to the configured limit (10dB). Therefore, higher data rates indicate an improved coverage and more efficient use of the noise rise budget.
Table 1. System simulation's assumptions (based on 25.823 TR[1])


	UE UL category
	Cat-6 (2ms TTI) QPSK

	Channel Delay Profile
	Pedestrian A 

	Speed
	3 km/h

	Noise Rise Limit
	10dB (95-percentile)

	Scheduling
	CDM and TDM (equal rate)

	Simulations time
	100 seconds

	Higher layers protocols
	UDP


The simulation assumes that users arrive according to a Poisson process and that each user will transmit a file whose size is modeled by a truncated lognormal object size distribution. The packet distribution was chosen to highlight the performance limitations of each of the analyzed options.
Table 2. System simulation's traffic model


	Object distribution:
Truncated Lognormal
	Mean object size = 128 KBytes      

Maximum size     = 256 KBytes   

Minimum size      = 100 Bytes
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	User generation:

Poisson Arrivals
	Offered loads (bps/cell)
100kpbs, 500kpbs, 750 kpbs , 1.0Mbps


Two different options were simulated. CDM scheduling, where the users are only giving grants that applies to all their HARQ process (scope “ALL”) and a per HARQ-process grant (“TDM operation”)  alternative where the users are scheduled with grant that apply to specific HARQ processes (scope “Per-HARQ process). The TDM scheduled users are assumed to be TTI synchronized (time-aligned).
3 Simulations Results
3.1 End-user performance
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Figure 1. Mean user througput vs. Offered load

The simulations results indicates that the performance associated with TDM operation (per-HARQ grants scheduling) increases the mean user throughput from 23% to 78% compared with the users deploying the CDM scheduling which uses all the HARQ processes (blue for CDM and red for TDM in Figure 1). The gain stems from the fact that the intra-cell interference can be minimized by not allowing that all UEs transmits in all TTIs. The possibility of synchronizing the users’ transmissions in CELL_FACH also allows the scheduler to optimize the active HARQ processes in respond to the activity of all the users in the cell. This is in contrast to the scenario where the users have to have all the HARQ processes active and only are able to adjust the power offsets in response to the interference variations. Therefore TDM scheduled users are able to use higher data rates during their processes allocation that compensates for the additional latency suffered by not being able to transmit with all their HARQ processes. 
3.2 Coverage 
The simulations also provide interesting results with respect to achievable cell-edge data rates (“coverage”). Focusing on the 5th percentile user throughput it is clear that the TDM operation can improve the performance with more than 100% in case of high load. This suggests that even when users might suffer of power limitation during certain transmissions, the probability of success of the transmissions increases due to the lower interference that the base stations perceive from the other UL users compared with the CDM scheduled simulations. 
It could be argued that these gains apply to this pure TDM scenario, and in a mixed scenario (CDM and TDM) the orthogonality advantage might be lost or attenuated. Then it should be noted also that if a UE is power limited it is in practice always possible to allocate more processes to that UE providing more opportunities to the power limited UE to transmit over time. This is especially important for CELL_FACH where the users are not able to switch their serving cell during their E-DCH transmission.
The absolute values for the higher loads are not so important from these results because the systems on the higher load simulations are in their stability limit therefore the comparisons for the worst users might not be totally accurate.
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Figure 2 Worst 10th percentile of the Cumulate Distribution Function (CDF) from the throughput of all the users 

3.3 Systems stability: Rise Over Thermal 

All the simulations deployed a scheduling algorithm designed to maintain the system stability by keeping the noise rise to an acceptable level (10 dB) but maximizing the user throughput. Figure 3 shows that stability of the system was granted during the simulations and the differences between the two schemes at different loads. The cdm scheme represents the simulations results where users were scheduled with all their HARQ processes active meanwhile in the tdm scheme the users were scheduled with per HARQ grants and assuming TTI alignment. 
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Figure 3. CDF of Cells Noise Rise (RoT)

3.4 Summary of results
The simulations results shows clear gains for the deployment of per HARQ grants due to their flexibility to allocate transmissions timing additionally to the power offset. This flexibility increases the possibilities of the UEs to deploy higher data rates in comparison to deployments were the same quantity of users might use all their HARQ process for transmissions. Additionally some gains in coverage can be achieved by producing coverage slots that can be used to allow power limited users to reach the cell. Table 3 summarizes the relative gains of deploying a TDM scheduling (per-HARQ grants and TTI alignment) over the CDM approach (grants with scope “ALL”).
Table 3 Summary of results gains of TDM scheduled users vs. CDM scheduled users

	Offered Load
	TDM scheduled users vs. CDM scheduled users gain

	
	Mean user throughput
	5th percentile user throughput

	100 kbps
	23.22%
	12.50%

	500 kbps
	36.65%
	23.00%

	750 kbps
	78.73%
	1329.26%


	1.0 Mbps
	28.31%
	496.06%1


4 Conclusion

Based on the simulation results from section 3, the end user experience gain is significant, not only in average (from a 23% to a 78% for the provided loads) but also for the coverage limited users (worst 5th percentile). The results indicates that the increases in latency by deploying per HARQ grants are compensated by the lower interference experienced by the users when transmitting in their time slot compared to the total interference suffered by the users with all the HARQ processes active. If required, a TDM scheduled user might be scheduled in a CDM fashion (all the HARQ processes active) in any time which addresses any possible problem that the user might experience due to partial activation of HARQ processes.
The positive results indicate that there is sufficient performance merits introducing per-HARQ grants and TTI time alignment in CELL_FACH for release 11.
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� Result might be inaccurate due to instability of one of the systems with the current load
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