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Summary on EFTA 
1 Introduction
Enhanced Flexible Timeslot Assignment, EFTA, allows for a more flexible approach to handling the timeslot resources as compared to using Flexible Timeslot Allocation, FTA, increasing end-user throughput.

The EFTA concept was first presented at GERAN2#38bis in [1], whereas its gains have been evaluated, together with discussions and the addressing of the concerns and questions from GERAN in [2], [3] and [4]. 

The purpose of this paper is to summarize the essential parts of the EFTA concept, represent some of the earlier findings, and address the most recent questions and concerns from GERAN#41. Also the latest set of accompanying CRs [5], [6} and [7], with updates, are presented.
2 Background
The intent of this section is to summarize and clarify the background for introducing EFTA. For more details, please refer to the earlier discussion papers [1] - [4], as well as the CRs [5] - [7].
2.1 Before 3GPP Rel.7
Let us first consider the case where the mobile station and/or the network are pre-Rel.7. In such case the network is forced to, at TBF assignment time, strictly obey the limitations of the Multislot Class parameters of each mobile station. This means that a e.g. a multislot class 33 mobile station with Rx=5, Tx=4 and Sum=6 may be assigned as most on e.g. 5+1 (5 TS DL and 1 TS UL), 4+2, 3+3 or 2+4 time slots – in either case the sum is always as most 6. Which of these assignments that is the best choice depends of course on which traffic type that is considered: e.g. for a bulk FTP-like download, the 5+1 or 4+2 is obviously the best assignment, since the main traffic flow will be in the downlink direction and hence the most timeslots should be assigned in this direction. Similarly, for uplink intensive traffic, the 2+4 assignment seems most appropriate. However, it may be quite hard for the network to, at TBF setup time, determine which of these assignments that is optimal for this TBF, wherefore the network perhaps chooses some initial assignment, and then later on possibly reconfigures the TBF(s) to another assignment by sending a Packet Timeslot Reconfigure message. There are however some fundamental problems related to this:

· First of all, how shall the network be aware of which one of these assignments that is the optimal at any given moment? The network may of course try to estimate the main traffic flow direction, and thus which assignment that is predicted to optimal. This kind of prediction may work fairly decent for a long bulk-transfer, but for more unpredictable traffic types which change the flow direction frequently , such as e.g. interactive types of traffic, this will clearly lead to non-optimal predictions that may tend to be “always too late”. 

· Secondly, if the network chooses frequently to re-assign the TBF(s), to follow the traffic flow, this procedure will take additional time, leading to even more sub-optimal decisions based on events and data that are even older, unnecessary protocol overhead as well as increased probability for aborted connections due to unsuccessful signalling procedures. 
· Thirdly, every time the mobile station switches from transmission to reception, or from reception to transmission, during one radio block period, the switching times Ttb/Tra  (or Tta/Trb ) given by the mobile stations multislot class sets limitations on how “close” the transmit and receive timeslots may be. This effectively reduces the achievable peak data rates by reducing the maximum number assignable timeslots per direction. 
· Finally, with respect to the last bullet above, it may thus seem desirable to avoid unnecessary switching between transmission and reception by e.g. scheduling the mobile station less frequently if expecting little or no uplink data to be sent from the mobile station over a given period. In analogy with the earlier mentioned flow direction estimation, this is impossible to do in an optimal way. The network thus has to strike a sub-optimal trade-off between on the one hand avoiding unnecessary switching and saving uplink resources and on the other hand reducing the latency by scheduling the user in uplink more often.
2.2 Flexible Timeslot Assignment, FTA
With the introduction of Flexible Timeslot Assignment, FTA, as from release 7, the network is allowed to respect the limitations imposed by the mobile stations multislot class on an allocation/scheduling time basis rather than on a TBF assignment basis. This means that the above described MS class 33 mobile may now e.g. be assigned all 5 TS DL or all 4TS UL in the same assignment. This also implies that  for each allocation period (e.g. a radio block period), the network has to obey the Sum-parameter and thus allocate the mobile station to 5+1, 4+2, 3+3 or 2+4 timeslots. This approach of course gives greater flexibility for the network, and also removes the delays induced by having to send reconfiguration messages as described in the second bullet above. Still however, the network has to make the non-optimal decisions of traffic flow direction (first bullet above) as well as accepting the switching resource waste vs. latency balancing act (third and fourth bullet above). 
3 Enhanced Flexible Timeslot Assignment, EFTA
With the modifications proposed in the concept of Enhanced Flexible Timeslot Assignment, EFTA, proposed to be introduced as from release 9, the key idea is to get rid of the sub-optimal operation that results from forcing the network to estimate and predict things about the application(s) used and the traffic flow direction used. In particular the network does not have to make what are essentially unqualified guesses about current/upcoming states of the data transmission buffers in the mobile station. 
This is achieved by:

· First of all, the network no longer needs to respect the Sum-parameter of the mobile stations multislot class even on an allocation basis (as is the case for FTA described above). Instead it is allowed for the network to allocate uplink and downlink resources to one and the same mobile station in such a way that these overlap in time, and also without leaving room for the switching time as described earlier, even if the mobile station is not a Type II terminal capable of simultaneous transmission and reception. This means that the multislot  class 33 mobile station from above may, during any one radio block period, e.g. be given uplink transmission  opportunities on all its 4 uplink timeslots at the same time as the network is sending downlink radio blocks to the mobile on all its 5 downlink timeslots, which thus will cause some of the allocated uplink resources (timeslots) to occur simultaneously with the possible transmission of downlink radio blocks on the assigned downlink resources and/or with the MS switching from Tx/Rx to Rx/Tx.
· Secondly, since the mobile station of interest is not a Type II terminal capable of simultaneous transmission and reception, it will clearly be impossible for it to receive the downlink data at the same time as it transmits data on the uplink, during the times when the allocated uplink resources overlap with the assigned downlink resources/switching times as described in the bullet above. Therefore, a mobile station operating in EFTA mode shall during these overlapping instances prioritize the transmission of uplink radio blocks over attempting to read downlink radio blocks, but always attempt to read downlink radio blocks if it has nothing to transmit,
· Finally, if the mobile station does not need to use all allocated uplink transmission opportunities during a given radio block period, the mobile station shall select the uplink radio block transmission opportunities it wants to use in such a way that the number of downlink radio blocks it can read is maximized.

By applying these procedures, the network no longer has to guess what the main traffic flow direction will be in the future, nor if the mobile station will have anything to transmit. Instead the mobile station will simply continue listening to the downlink timeslots until it actually has something to transmit. This approach maximizes the flexibility in the usage of assigned radio resources.
3.1 Benefits & Drawbacks of EFTA

The key benefits of using EFTA include the following:
· The network need no longer make sub-/non-optimal decisions about the traffic flow direction and the application characteristics as discussed above. Avoiding this will be especially beneficial for applications where the main traffic flow direction is constantly changing, such as e.g. a web download using HTTP as shown in [2] and [4].
· Unnecessary switching between reception and transmission is avoided for the mobile station. This allows e.g. the allocation of even more timeslots in the downlink and thus increased data rates, which will be beneficial also for throughput demanding services such as e.g. FTP as shown in [2] and [4]. This is achieved without imposing the requirements on the platform to provide a very fast switching times or even type 2 capabilities.
One potential drawback with EFTA is: 
· Increased risk of data having to be retransmitted in the downlink direction because of the receiving mobile station currently either transmitting and/or switching to/from transmission. How large this risk will be, i.e. how many such potential “collision instants” that is allowed to occur, is however always fully within the control of the network.
To put it another way: What EFTA provides is the possibility to trade on the one hand the possibly negative impact of risking extra re-transmissions in the downlink due to these “collisions” against on the other hand the benefits of remarkably improved  resource utilization.
3.2 Implementation Specific Requirements on the Network Side

Even though introduction of a new feature in the specification is typically disconnected from implementation aspects related discussions, based on the previously raised questions some implementation specific aspects are pointed out below. 

Given what has been discussed, both in this paper as well as in the previous discussion papers [1]-[4], additional functionality in the network might be needed to utilize the full potential of EFTA:
· Keep track of the potential collision instances! 
If one and the same mobile station has been scheduled uplink and downlink resources in such a manner that the mobile station may be unable to receive downlink data because it is either transmitting or switching to/from transmission, the network should know this by – given the mobile stations multislot class parameters – keeping track of what uplink radio blocks received will have caused the mobile station to not be able to receive downlink data. Use its knowledge about these collisions to e.g.…
· …potentially trigger fast retransmissions of the lost blocks. This will minimize the delay impact of the potential collisions.

· ...compensate the BLER reported from the mobile station for Downlink Link Adaptation (see Question #2: Downlink Link Adaptation (again) in section 4.2 below) in such a way that any existing LA algorithms does not need to be modified.
· Properly choose when, where and how to use EFTA! 
Of course, EFTA is not an ultimate solution for every situation. Rather, it provides the opportunity to gain an increased flexibility, better resource usage and increased application performance at the cost of potential extra retransmissions of lost blocks in the downlink. Whether this is a price worth paying or not, will depend upon several factors such as e.g. QoS class, traffic situation and load in the cell/network, radio channel characteristics, amount of other users etc. All decisions such as if/when EFTA or FTA shall be used, which timeslots shall be assigned, how many potential collision-prone overlapping timeslots should be assigned, what scheduling strategy that shall be used etc. are of course up to the network implementation.
Please note, that these responsibilities/tasks are implementation specific and thus not subject for standardization.
4 Answer to questions about EFTA from GERAN#41
4.1 Question #1: DTM

Detailed question: How shall DTM and EFTA be able to be used together? This seems not to be covered by the CRs? Could EFTA really be beneficial for DTM?
Answer: When using DTM, the mobile station will be forced to switch to transmission every radio block period because of the uplink CS timeslot. Because of this, the gain of EFTA is expected to be lower when using DTM. Of course the network shall ensure never to allocate a DTM user in such a way that a potential collision instance occurs for the downlink CS timeslot, which would then degrade the CS service.  
4.2 Question #2: Downlink Link Adaptation (again)
Detailed question: When downlink transmitted blocks are lost due to the mobile station currently either transmitting or switching to/from transmission, this will of course increase the BLER. Any downlink link adaptation algorithm that takes the BLER estimates into account will then be impacted, right? 

Answer:  First of all, it should be clarified that all provided simulation results – which all have shown significant gains for EFTA – were obtained by using a regular, EFTA-unaware LQC algorithm. With an EFTA-aware LQC algorithm, the gains are expected to be even higher. Secondly, and in relation to this, as commented e.g. in [4], an LA algorithm can be made EFTA-aware in such a way that it filters out the downlink radio blocks that have been lost due to collisions with the uplink transmission, keeping the current LA algorithm intact without the need for modifications. The filtering can then be used to give an estimate of how large fraction of the downlink transmitted blocks that are lost because of collision, where after this amount may be deducted from the reported BLEP from the mobile station. In any case, if and how this shall be done is obviously an implementation choice. However, possible impacts on implementation specific feature like BLER-based LA are considered being outside the scope of the 3GPP specifications.
4.3 Question #3: Unexpected Results in Simulation Results from GERAN#41

Detailed question: The simulation results in the multiplexed scenarios provided for GERAN#41 in [4], showed some unexpected results. More specifically, in some of the plots EFTA slightly seemed to outperform a TYPE2 terminal capable of simultaneous reception and transmission, which of course is unrealistic. Why is this?

Answer:  The reason for these unexpected results was that, unfortunately, the simulations for GERAN#41 was simply not repeated enough times, hence the errors was simply due to not good-enough statistics. Therefore the very same simulations that were done in [1] have been now been re-done but now with 160 repetitions per sample for both the www-session as well as for the FTP download (compared to the 80 and 40 repetitions in [4]). The results of these new simulations are shown in Figure 1 below:

[image: image1]
Figure 1 – Left: Median time to download a 250kbyte web page consisting of 50 objects.

     Right: Median time to download a 1Mbyte file using FTP.
The benefits of EFTA as discussed in Section 3.1 earlier, as well as shown by the simulations in [2] and [4], is again clearly seen:

· For the web-session, which provides frequent changing of the traffic flow, EFTA reduces (in this scenario) the download times because of the increased flexibility and avoidance of unnecessary switching. This is also true as the multiplexing factor increases, where also the trunking gains of having a larger pool of resources comes into play.
· For the FTP-session it is rather the number of downlink timeslots that is the limiting factor, and hence the EFTA-configuration allowing more timeslots (E) perform in parity with the TYPE2 terminal but without the same increase in terminal complexity by(supporting simultaneous transmission and reception) on the terminal side.
5 Conclusions and Discussion
This paper has discussed and clarified any outstanding EFTA related concerns, provided clarifications and answers to questions that were raised during the GERAN#41 meeting in St. Julians, Malta, February 2009. 
Given what have been argued in this paper as well as the previous contributions, [1] through [4], and given the multiple companies supporting EFTA, it is yet again proposed that the concept of EFTA and its corresponding set of CRs of [4], [5] and [6] are endorsed and/or approved by GERAN#42.
6 References

[1] G2-080399, “Enhanced Flexible timeslot assignment”, Telefon AB LM Ericsson, GERAN2#38bis, Xi’an, P.R. China, June 24th – 27th 2008

[2] GP-081683, “Performance Evaluation of Enhanced Flexible Timeslot Assignment”, Telefon AB LM Ericsson, GERAN#40, Miami, FL, USA, November 17th – 21st 2008
[3] G2-090036 “Discussion on Enhanced Flexible Timeslot Assignment”, Telefon AB LM Ericsson, GERAN2#41, Jeju Island, Korea (Republic of), January 13th – 16th, 2009
[4] GP-090343 “Continued Discussion on Enhanced Flexible Timeslot Assignment”, Telefon AB LM Ericsson, Vodafone Group Plc, SAMSUNG Electronics Co., St Julians, Malta, February 16th – 20th, 2009
[5] GP-090682 Draft CR to 24.008 Enhanced Flexible Timeslot Assignment (Rel-9)
[6] GP-090683 CR 44.060-1169 Rev.4 Enhanced Flexible Timeslot Assignment (Rel-9)
[7] GP-090684 CR 45.002-0138 Rev.1 Enhanced Flexible Timeslot Assignment (Rel-9)
��

















































































































































































































































































































































































































































































































































































































































































































































































































[image: image2.png]Download Time [s]

il

il

70

60

50

0

0

Eil

10

Median Time to Download Web Page (50 objects 4 5 kbyte using HTTP 1.1)

(A) REGULAR 5+4=6
(B) FTA5+=5

() EFTAS+=6

(0) TYPE2545=10

¢

[

E) EFTA 8+3=8
F) TYPE2 8

LI |

1 2 4 6
Nurnber of Multiplexed Users



[image: image3.png]Download Time [s]

160

140

120

100

il

60

0

Eil

Median Tirme to Download File (1 MByte using FTF)

(A) REGULAR 5+4=6
(B) FTA5+=5

() EFTAS+=6

(0) TYPE2545=10

¢

[

E) EFTA 8+3=8
F) TYPE2 8

LI |

1 2

Nurnber of Multiplexed Users




