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1 Introduction
FE-FACH work item [1] was initiated during RAN2#73bis. The goal of the work item is to justify the complexity for several potential enhancements to existing mechanisms. One of the features considered is “Fallback to R99 PRACH”, in which the idea is to allow an Enhanced-Uplink-in-Cell_FACH capable UE to use R99 PRACH in case the number of common E-DCH resources are limited. 
2 Analysis and Results
In [3], simulation results were presented that highlighted some of the benefits of fallback-to-R99. In this document, we present results based on a queueing theory analysis for the case where UEs only transmit small packets. This is motivated by the fact that a large amount of uplink packets are TCP Acks, which are typically expected to be 40 bytes in length. 
We model the E-DCH resources in a Cell as M/M/Re/Re queueing system where Re is the total number of E-DCH resources available. An M/M/Re/Re queueing system is one where the arrival process is poisson distributed, the service times are exponentially distributed and there are Re servers with no capability for queueing (i.e. any request that arrives when all Re servers are occupied, will be blocked) (the third term Re in “M/M/Re/Re” represents the number of servers, and the fourth term Re represents the maximum number of jobs that can be in the system at any given time, including those in the servers). We model each of the R99 RACH resources in a Cell as a separate M/M/1/1 queueing system. We do this separately for each R99 RACH resource because R99 does not provide resource-pooling.
Let α be the arrival rate for the E-DCH system due to random access by UEs capable of EUL, and Pb be the blocking probability for this system. Let β be the arrival rate for the R99 system due to random access by legacy UEs not capable of EUL. The net arrival rate for each of the R99 resources is taken to be (β + α * Pb)/12. This accounts for the arrivals to the R99 queueing system due to ‘fallback’ from E-DCH as well as due to legacy UEs directly accessing R99.

The mean service time for E-DCH resource is taken to be 50ms and the mean service time for R99 is taken to be 20ms. This assumption is justified for the case of small packets (such as TCP Acks) since an E-DCH resource is held for a duration of ~50ms when transmitting small payloads by means of EUL (under an assumption that the maximum HARQ transmissions is 4), and an R99 RACH payload occupies ~20ms for transmission.












In the figures below, we plot the probability of obtaining an uplink resource. We compare the case where fallback to R99 is allowed and the case where it is not.  The aforementioned probabilities are computed using the following terms:
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· Pb_r = prob. of blocking for one R99 resource = 
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· Prob. of obtaining an uplink resource for EUL UEs is 
· = 1 – (Pb * Pb_r) if allowing for fallback
· = 1 – Pb if  not considering fallback

· Prob. of obtaining an uplink resource for Legacy UEs is = 1 – Pb_r 
· The x-axis of the plots below, represents the arrival rate per cell for the E-DCH system. This is the term α shown above and it represents the rate at which E-DCH resources are requested at the Cell. In order to study the impact of legacy UEs attempting random access by R99 directly, we choose to show results for the following cases wherein we vary the mean (net) access attempt rate of legacy UEs. We set the mean (net) access attempt rate of legacy UEs to be 0, 0.25, 0.5, 0.75, 1 times the mean (net) access attempt rate of EUL capable UEs. i.e. 
· β = 0 
· β = 0.25 * α  

· β = 0.5 * α  
· β = 0.75 * α  

· β = α  

In the following figures, readers will notice that the curves are plotted only upto a certain point. The x-value of this point represents the maximum number of E-DCH requests that can be served per second. It can be computed as follows: (no. of E-DCH resources * (1/50ms) + no. of R99 resources * (1/20ms)). The value of the curve beyond this point is not very useful, since in those regions, the system is unstable.
2.1 Access rate of legacy UEs = 0 (β = 0) 
Figure 1: Plots of probability of obtaining an uplink resource v. E-DCH request rate for varying number of E-DCH resources
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2.2 Access rate of legacy UEs = 0.25 * Access rate of EUL UEs (β = 0.25 * α)  

Figure 2: Plots of probability of obtaining an uplink resource v. E-DCH request rate for varying number of E-DCH resources
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2.3 Access rate of legacy UEs = 0.5 * Access rate of EUL UEs  (β = 0.5 * α)  

Figure 3: Plots of probability of obtaining an uplink resource v. E-DCH request rate for varying number of E-DCH resources
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2.4 Access rate of legacy UEs = 0.75 * Access rate of EUL UEs (β = 0.75 * α)  

Figure 4: Plots of probability of obtaining an uplink resource v. E-DCH request rate for varying number of E-DCH resources
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2.5 Access rate of legacy UEs = Access rate of EUL UEs (β = α)  

Figure 5: Plots of probability of obtaining an uplink resource v. E-DCH request rate for varying number of E-DCH resources

	[image: image22.jpg]Prob. of obtaining an uplink resource
(2 E-DCH resources available)

——EUL UEs: with fallback
——EUL UEs: w/o fallback
—Legacy UEs: with fallback

——Legacy UEs: w/o fallback

200 400 600 800 1000
No. of E-DCH requests per sec per Cell




	[image: image23.jpg]Prob. of obtaining an uplink resource
(4 E-DCH resources available)

—EUL UEs: with fallback
—EUL UEs: w/o fallback
—Legacy UEs: with fallback
—Legacy UEs: w/o fallback

200 400 600 800 1000 1200
No. of E-DCH requests per sec per Cell





	[image: image24.jpg]Prob. of obtaining an uplink resource
(8 E-DCH resources available)

—EUL UEs: with fallback
—EUL UEs: w/o fallback
—Legacy UEs: with fallback
—Legacy UEs: w/o fallback

0 200 400 600 800 1000 1200

No. of E-DCH requests per sec per Cell




	[image: image25.jpg]Prob. of obtaining an uplink resource
(32 E-DCH resources available)

—EUL UEs: with fallback
—EUL UEs: w/o fallback
—Legacy UEs: with fallback
—Legacy UEs: w/o fallback

0 500 1000 1500 2000

No. of E-DCH requests per sec per Cell






From Figures 1,2,3,4 and 5, we see that there is an improvement in the probability of obtaining an uplink resource for EUL UEs, whereas there is a loss in the probability of obtaining an uplink resource for R99 UEs. This is as expected, since the legacy UEs are now contending with the EUL UEs that fallback to R99. 
The following table summarizes the gain seen for EUL UEs due to fallback, when the loss seen for R99 UEs is 10%.
Table 1: Gain in probability of obtaining an uplink resource for EUL UEs when the loss in probability of obtaining an uplink resource for R99 UEs is 10%

	
	Ratio of attempt rate of legacy UEs to attempt rate of EUL UEs

	Number of E-DCH resources
	
	β = 0.25 * α  


	β = 0.5 * α  


	β = 0.75 * α  


	β = α  



	
	2 E-DCH
	185%
	184%
	182%
	181%

	
	4 E-DCH
	91%
	90%
	90%
	89%

	
	8 E-DCH
	45%
	45%
	44%
	44%

	
	32 E-DCH
	11%
	11%
	10%
	10%


3 Implementation Issues

In R99 RACH operation, all logical channel types (CCCH/DCCH/DTCH) are linked to the RACH transport channel via the MAC-c entity in CELL_FACH state. Thus, the MAC-c entity performes MAC layer related functionality such as adding of UE id, ASC selection, TFC selection etc. On the other hand, the introduction of EUL in CELL_FACH feature in Rel-8 mandated that the UE always use a common E-DCH transport channel for uplink transmissions in CELL_FACH state (as long as the UE and the NW supported the feature). This meant that all logical channels types (CCCH/DCCH/DTCH) were linked to the (common) E-DCH transport channel via the MAC-i/is. As a result, all of the MAC layer related functionality such as adding of UE id, ASC selection, E-TFC selection etc. were perfomed by the MAC-i/is and MAC-c became (almost) a transparent entity.

The subfeature of fallback to R99 changes these requirements quite a bit. Now, the MAC-c entity would be required to take on a dual role:-

· If the access is made on R99 resource in CELL_FACH, the MAC-c entity operates as in legacy R99 operation

· If the access in made on an EUL resource in CELL_FACH, the MAC-c entity operates as in Rel-8 EUL in CELL_FACH feature (almost transparent mode)

One key functinality introduced by MAC-i/is is the ability to segment large RLC PDU’s into MAC segments which can be transmitted seperately. The receiving MAC-i/is entity then reassembles the MAC segments into one RLC PDU before passing it up to the RLC entity. It is not clear how segmented RLC PDU’s would be handled and reassembled by MAC-c if the UE needed to fallback to R99 before completing the transmission of all the MAC segments generated by MAC-i/is. Such a scenario might happen, for example, if the UE is told to explicitly release the common E-DCH resource while in the middle of a transmission. In this regard, further study is needed to assess the complexity aspects of this subfeature. 
4 Link Efficiency Aspects
Some companies have argued for the feature discussed in this document (fallback-to-R99) from a link efficiency perspective. Specifically, one of the motivations suggested is that the R99 RACH channel is more link efficient than EUL for transmission of small packets. Based on our study on the link efficiency comparison between R99 and EUL, we do not see merit to this feature from this standpoint. Please refer to our RAN1 contribution [4] for details.
5 Fallback Mechanism

Based on the analysis presented here and in [4], we believe that the initial random access attempts should always be performed using EUL. The decision as to whether to use 2ms or 10ms TTI for this purpose would then be carried out as specified in [2]. If upon completing the procedure (i.e. after exhausting all preamble ramping cycles), the UE has failed to acquire an E-DCH resource, then the UE would attempt random access using R99 RACH.
The preamble space needs to be partitioned so that UTRAN can be aware of whether a UE is requesting E-DCH or R99 resource. One way to perform this partition is to split the signature sequences so that, say, the first 12 are reserved to indicate R99 and rest indicate that the UE is requesting an E-DCH resource. The UTRAN will broadcast this information so that the UE is aware of the partition before performing random access.
6 Conclusion
From results in Section 2, we see that Fallback-to-R99 enables a higher probability of obtaining an uplink resource for EUL UEs. On the other hand, it negatively impacts the probability of obtaining an uplink resource for Legacy UEs since they face contention from the EUL UEs that fallback. Hence, care must be taken to minimize the impact to legacy UEs from this feature. One way to minimize impact to Legacy UEs would be for the NodeB to measure load on R99 resources and allow fallback only if this load is below a certain threshold. This would require a NodeB-controlled way of allowing/disallowing fallback.
As described in Section 4, we do not see a merit in fallback-to-R99 from a link efficiency point of view. Motivation for fallback-to-R99 hence comes from a resource-blocking / contention-based point of view that we have described in Section 2. 
Also, as highlighted in section 3, further study is needed to understand the impact on the MAC layer due to fallback to Rel99 and identify whether the gains justify the complexity of this subfeature. 
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R99 queueing model for each R99 RACH resource:








Arrival rate = (β + α * Pb)/12











E-DCH queueing model:
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Arrival rate = α
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