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1. Introduction
During the previous RAN WG2 meeting in Sophia-antipolis (RAN2 #45bis) a mechanism was presented that allows RLC to perform the following trade-offs:
· Possibility to trade-off NACK delay with feedback overhead without triggering spurious re-transmissions (a.k.a NAK_Prohibit).

· Possibility to trade-off ACK delay with feedback overhead (a.k.a. ACK_Prohibit). It would make sense to have the possibility to decide this independently of the NACK delay, as it may help to adjust the overhead when the error rate is low, without increasing the re-transmission delay.

In this contribution, simulation results are presented to show the benefits of such flexibility in an HSDPA system.

In section 2 the simulation configuration is described and in section 3 the simulation results are presented.

2. Simulation Configuration
2.1. Traffic Model
The traffic model consists of large file downloads.
2.2. RLC configurations
Two types of RLC implementations are compared in these simulations. The first RLC (so called “regular rlc”) is the release 99 version of RLC and the second RLC (so called “enhanced rlc”) uses the NAK_Prohibit and ACK_Prohibit timer implementation. Following is a table containing the most important RLC configuration parameters for both RLC implementations.
	RLC Parameter name
	Regular RLC
	Enhanced RLC

	Window size
	2047
	2047

	PDU size (bits)
	336
	336

	Timer Poll (RTT)
	1
	1

	Timer Poll Prohibit (RTT)
	1/10
	1/10

	Poll PDU trigger
	1
	1

	Poll SDU trigger
	1
	1

	Poll Last PDU in Buffer trigger
	1
	1

	Poll Last PDU in Retx Buffer trigger
	1
	1

	Missing PDU indicator
	1
	1

	Timer Status Prohibit (RTT)
	1/8, 1/4, 1/2, 1
	NA

	Timer NAK Prohibit (RTT)
	NA
	1

	Timer ACK Prohibit (RTT)
	NA
	1/8, 1/4, 1/2, 1


The timer values are given in units of RTT.

2.3. Physical Layer
The physical layer is assumed to be an HSDPA link with varying over the air rates depending on the location of the user and its channel model. For the purpose of this contribution, two radio conditions were chosen, known as “Good” and “Poor”. The main physical layer characteristics for both radio conditions are summarized in the following table:
	Parameter Name
	Good 
	Poor

	Channel Model
	Single Path Rician
	Pedestrian A

	Speed (km/h)
	0.8
	120

	Geometry (Ior/Ioc)
	11 dB
	-2 dB


3. Simulation Results
The simulation results presented below illustrate the performance improvements that can be obtained with the proposed RLC reporting enhancements.
As described in [1], the main improvement of this proposal is to allow the RLC receiver to send status reports more often without incurring any spurious RLC retransmissions. Reporting the status more often allows the RLC window to slide faster and thus to stall less often.
This improvement is shown in Figure 1 where the user is located in good channel conditions and thus achieves very high throughput. Under these conditions, one can notice that the main throughput limitation is caused by the stalling of the RLC window hence reducing the status reporting period from one RTT to 1/8 of a RTT increases the throughput from 2.55Mbps to 3.59Mbps (approximately 41% increase). Since under these good channel conditions RLC operates at an extremely low error rate, the effect of spurious retransmissions is negligible and both the regular RLC and the enhanced RLC implementations have similar performances.
The flexibility of the enhanced RLC reporting scheme allows keeping the same RLC configuration under varying channel conditions; this is illustrated in Figure 2 which shows the RLC throughput for both the enhanced and regular RLC schemes if the radio conditions are now poor. In this case, keeping the status reporting period to 1/8 of a RTT would degrade the regular RLC performance from 371kbps to 355kbps (approximately 4.5%) compared to the enhanced RLC scheme. The performance degradation in this case is due to the spurious RLC retransmissions.
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Figure 1
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Figure 2
4. Spurious retransmission impact during HSDPA re-pointing
Another aspect of HSDPA that is likely to cause additional degradation if the regular RLC implementation is used is re-pointing. 
It is expected that during each re-pointing the content of the node-b buffer will be lost and the data will need to be recovered by RLC. The simulation results presented in 3 assumed no re-pointing occurred and thus this extra loss is not taken into account. 

It is however possible to estimate the extra overhead required to retransmit the lost contents of the node-B buffer by checking how many retransmissions (including spurious retransmissions) RLC actually performs for each retransmitted PDU. The statistics of the average number of retransmissions needed per retransmission are listed in for both RLC implementations and different values of the status reporting period.
	Status Reporting Period (RTT)
	Regular RLC
	Enhanced RLC

	1/8
	5.6
	1.0

	1/4
	3.9
	1.0

	1/2
	2.2
	1.0

	1/1
	1.1
	1.0


Table 1: Actual number of RLC retransmissions performed for each RLC retransmission
One can observe from Table 1 that setting a regular RLC with a configuration that allows high speed in HSDPA will result in a large number of spurious RLC retransmissions whenever a re-pointing with lost data is performed. On the other hand, the enhanced RLC performance won’t be impacted each time a re-pointing with lost data occurs.
5. Conclusion

In this document simulation results were presented to assess the performance improvement of the enhanced RLC reporting scheme proposed in [1] in an HSDPA system.

It was found that for a regular RLC implementation, a configuration that maximizes HSDPA throughput in good channel conditions would suffer from extra losses due to spurious RLC retransmissions if the radio conditions were to change. 
For the proposed enhanced RLC implementation however, a configuration maximizing HSDPA throughputs in good channel conditions wouldn’t suffer any extra losses if the radio conditions were to change.
In addition to benefiting RLC performance in steady state operation, the enhanced reporting also allows to dramatically limit the impact of HSDPA re-pointing when a loss of data is observed.
It should also be noted that the proposed scheme will provide higher benefits if the operating error rate is larger and thus similar or even greater improvements are expected for HSUPA and Release’99 channels.
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