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Continued Discussion on 
Enhanced Flexible Timeslot Assignment
1 Introduction
In [1] the concept of Enhanced Flexible Timeslot Assignment, EFTA, was introduced as a mode of operation that allows a mobile station to be assigned uplink and downlink PDCH resources that overlap in time. A mobile station operating in EFTA mode shall prioritize uplink radio block transmission over attempting to read downlink radio blocks, but shall always attempt to read downlink radio blocks on its assigned downlink resources if it has nothing to transmit. The mobile station shall schedule uplink radio block transmissions such that it maximizes the number of downlink radio blocks it can read during any given radio block period using pre-defined and specified scheduling schemes. EFTA thus allows for a much more flexible timeslot resources handling as compared to the regular system or even when using Flexible Timeslot Allocation, FTA. The detailed implementation and description of EFTA is given by the accompanying CRs [4], [5] and [6].

In [2] typical internet applications have been evaluated in a simulated environment. It has been shown that the expected performance gain of EFTA for the downloading of a 250kb web-page are about 25% while the gains when downloading a 1MByte file using FTP are about 35% in the there evaluated scenarios. 
Some questions and concerns raised during the GERAN#40 meeting were addressed and answered at the GERAN2#40bis meeting in the discussion paper [3].
The purpose of this very paper is the same, namely to address and clarify any outstanding issues relating to EFTA. This of course includes answering the questions and concerns raised during the GERAN2#40bis meting in Jeju Island, Korea, January 2009.
2 Major Changes to the CRs as from GERAN2#40bis

· The CR to 44.060 [5], have now been updated so that it now is possible for the network to, in the PACKET UPLINK ASSIGNMENT, MULTIPLE UPLINK TBF ASSIGNMENT, PACKET TIMESLOT RECONFIGURE and MULTIPLE TBF TIMESLOT RECONFIGURE messages, explicitly indicate if EFTA should be used or not for the assigned TBF(s). For the case of multiple uplink TBF, the same configuration (with respect to EFTA) should be used for all TBFs. The reason for these changes is e.g. a mobile station capable of both FTA and EFTA must be able to determine if it shall apply the EFTA behaviour or not, something that obviously should be decided by the network.

· The Rx/Tx redefinitions of sections B.1 and B.4 in 3GPP TS 45.002, from the last set of CRs have now been removed since the legacy text was deemed clear enough. (See Question #10 in Section 3.10below)

· Out-of-sequence detection at MS side disabled by in [5] modifying section 9.1.7.3 of 44.060 according to below (additions highlighted):
When an EGPRS RLC/MAC header is received, for each BSN' within the receive window included in the header the elements of V(N) shall be updated as follows:

· if EFTA is not used, or if EFTA is used and the receiving RLC endpoint is in the network, and if the corresponding element in V(N) has the value INVALID, all elements of V(N) with the value INVALID and corresponding to RLC data blocks with BSN satisfying the following inequality [V(Q) ≤ BSN < BSN'] modulo SNS shall be set to the value UNREPORTED;

· if ….

The reason for this change is discussed in Question #1 in section 3.1 below.
3 Answer to questions about EFTA from GERAN2#40bis
3.1  Question #1: Impact on Uplink Link Performance
Detailed question: When transmitted downlink data is lost because of the mobile station is currently either transmitting or switching to/from transmission, will this not cause an excessive amount of PANs in the uplink in case event-based FANR is used, because of the next received downlink data block then being received out-of-sequence? Will this not deteriorate the uplink link performance substantially?
Answer: There may be a potential increase in the number of transmitted PANs, due to this. Therefore it is suggested that the out-of-sequence detection shall not be used at the mobile station side in case EFTA and FANR is used in conjunction. This need however have no negative impact on the latency (as could perhaps be anticipated) since the network implementation should be able to find out if a transmitted downlink is received or not by the MS during the collision instances very quickly by noting if it receives uplink transmitted data from the mobile station or not during these instances. The thus induced retransmission may thus be even faster than the ones that the event-based out of sequence will induce. 
Important perhaps is to remember also that which combination of features (e.g. FANR) that should be used with EFTA is fully within network control. Therefore, it is fully possible to selectively disable the event based reporting using PANs by the mobile station while the network may still poll for PANs as well as report lost blocks using PANs on the downlink direction. It is thus in this case e.g. fully possible for the network to choose to disallow the usage of MS based event-based FANR in the situations where EFTA is used and vice versa, if deemed appropriate by the operator / specific network vendor implementation. 
3.2 Question #2: Lost PUANs/PANs in the Downlink

Detailed question: Assume that a downlink transmitted PUAN (or a data block containing a PAN) is lost because of the mobile station is currently either transmitting or switching to/from transmission. This will then in turn lead to that the uplink retransmission of any blocks indicated for retransmission in that PUAN/PAN will be delayed and thus that the latency will be increased.
Answer: The scheduling of the USFs is of course also within total control of the network. A reasonably good network implementation would be able to keep track of when the potential collision instances may occur and thus find out if a collision has occurred very quickly by noting if it receives uplink transmitted data from the mobile station, in which case the mobile station has not received the transmitted downlink data. Alternatively, the network could avoid this collision totally by simply not allocating any uplink radio block on the uplink timeslots that may cause collisions with the downlink timeslots on which the PAN/PUAN is sent. In any case, this is a pure implementation issue that requires no changes to the specifications. 
3.3 Question #3: Other Lost Control Messages in the Downlink

Detailed question: Assume instead that the downlink block is for data from another control channel, such as e.g. PACCH? Losing data on e.g. PACCH in this manner is highly unwanted. What would happen if e.g. an ETWS message is being transmitted?
Answer: The answer to Question #2 above is also applicable here, namely that the network can keep track if a collision has occurred or not by seeing if it did receive uplink data during the potential collision instant and can thus quickly retransmit the control message. Alternatively, in order to avoid the risk of collision completely, the network should at these instants not allocate uplink radio blocks (USFs) on the uplink timeslots that may cause collisions with the downlink timeslots on which the control message is sent. 
3.4 Question #4: Multislot Class Applicability

Detailed question: The EFTA proposal is currently limited to be used with multislot classes 30-45 only. Are there no benefits for multislot classes 1-12, or why is this so? 
Answer: From a pure specification-wise point of view, there is no reason to why not multislot classes 1-12 should also be included, of course. However, it may be questioned if there is really much point to improve the low-end multislot classes, since the gains of EFTA are larger with the larger amount of timeslots and shorter switching times. One should also bear in mind that the more multislot classes that are supported, the cost for implementation and testing will of course increase. Bearing this in mind, it is therefore proposed that EFTA is applicable for multislot classes 30-45 only.
3.5 Question #5: Performance Evaluation in Multiplexing Scenarios
Detailed question: The earlier discussion paper [3] evaluated the performance gain of EFTA for a web- and an ftp scenario in a single user case. But it is probably more realistic to assume that users will be multiplexed on common resources. What will the performance gain be in such situations?
Answer: In order to answer these questions, new simulations similar to those of [3] have been performed, with all simulator settings and parameters being the same as used in those simulations, with the difference that each configuration is now evaluated for the case of 1, 2, 4 or 6 multiplexed users. All users here are running the same traffic model (web or ftp), they have all the same configuration (FTA, EFTA, TYPE2 etc) and are all assigned on the same timeslots. Also, for the FTP case, pure round-robin scheduling is performed and not the “schedule-the-uplink-every-nth-tti” optimization that was discussed there.
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Figure 1- The median time to download a 250kbyte web page consisting of 50 objects using HTTP1.1 for 1, 2, 4 and 6 multiplexed users.
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Figure 2  Left:  Average number collisions (=failed reception due to simultaneous uplink 
transmission) during the web download for 1, 2, 4 and 6 multiplexed users.
Right:  Average number transmissions needed per transmitted RLC/MAC block in the 
downlink during the web download for 1, 2, 4 and 6 multiplexed users
As can be seen from the results, the performance of EFTA for this web-download scenario is way better than the FTA and non-FTA configurations and almost that of a TYPE2 terminal. This is mainly because of the increased flexibility EFTA provides in scheduling, which was already the case in the earlier simulations [3], and the benefit of which is thus now also seen in these multiplexing scenarios. Additionally, the decreasing number of collisions as the multiplexing degree increases is simply due to the fact that each mobile station then is being scheduled uplink resources less frequently by the round-robin schedulers. This is of course also reflected in the number of transmissions needed per RLC/MAC block. 
[image: image3.png]Download Time [s]

160

140

120

100

il

60

0

Eil

Median Time to Download File (1Mbyte using FTF)

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

() EFTAS+=6

(0) TYPE2545=10

¢

[

E) EFTA 8+4=3
F) TYPE26

LI |

1 2

Nurnber of Multiplexed Users





Figure 3- The median time to download a 1Mbyte file using FTP for 1, 2 and 4 multiplexed users.
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Figure 4- Left:  Average number collisions (=failed reception due to simultaneous uplink 


transmission) during the ftp download for 1, 2 and 4 multiplexed users.

Right:  Average number transmissions needed per transmitted RLC/MAC block in the 

downlink during the ftp download for 1, 2 and 4 multiplexed users


For the ftp scenario, again, the conclusions from [3] are apparently still valid in the multiplexing cases: The high-end EFTA configuration (E) performs very good and close to the performance of the high-end TYPE2 terminals (F). The reason for there being no significant difference for the cases (A)-(D), is the in all these cases it is the total number of downlink timeslots that are the limiting factor – something which may be increased by EFTA in configuration (E).
3.6 Question #6: Use Cases

Detailed question: What are the use cases for EFTA? For which kind of services and applications, in which type of scenarios and for which configurations will EFTA beneficial? When will it not be as beneficial?
Answer: The previous discussion paper [2] showed the expected performance gain of EFTA for the downloading of a web-page and the downloading of a file using FTP in a simulated environment for one single user. Results in a multiplexed scenario will be provided to the GERAN#41 meeting. Many, many other applications will obviously also gain from the flexibility in resource allocation that EFTA provides, including the possibility of providing more timeslots, and thus more bandwidth, to one and the same mobile station. The gains are higher downlink or uplink throughput for applications that require pure bandwidth, such as downloading files or full emails etc. But the gains are also for applications which shift payload direction frequently. For example, where there is uplink transmission first and as a response downlink transmission and then again uplink transmission etc. This seems to be a rather common scenario for example for synchronizing email accounts and web downloads (with or without caching) etc.  
3.7 Question #7: Not Fully Realistic Simulations with 8TS in Single User Scenario 

Detailed question: The performance evaluations of EFTA from [2] showed scenarios with 8 TS DL for one single user. This was commented as being quite optimistic and not very realistic since in reality, time is needed to make adjacent cell measurements and BSIC decoding. 

Answer: If assigning a mobile station on all 8 DL timeslots, it may indeed not be possible for the mobile station to perform adjacent cell measurements. There are however many situations where measurement are not needed in reality such as for stationary mobile stations (machines, stationary laptops etc). Therefore, in the current 3GPP TS 45.002 (see Table 6.4.2.2.1) it is already today e.g. allowed to allocate the multislot classes 24-29 on 7-8 downlink timeslots, with just the limitation that neither normal measurements nor BSIC decoding will be possible. Principally, EFTA just takes this one step further by also allowing for a simultaneous uplink at the same time for these configurations. According to section 10.1.1.2 of 3GPP TS 45.008, it will thus be up to the network to allocate to mobile station in such a way that it leaves room for measurements to be done:

In some allowed multislot configurations (see 3GPP TS 45.002) the MS is not able to perform normal received signal level measurements within the TDMA frame. In this case, the MS shall perform the measurements whenever possible according to its measurement capability (see 3GPP TS 45.002). For downlink packet transfer using any medium access mode (see 3GPP TS 44.060), the MS shall perform the measurements during the block period where the polling response is sent (Tra shall apply).

NOTE 1:
The network is responsible for providing the necessary opportunities  to ensure that the MS will perform the required number of measurements.

Thus, this scenario may be optimistic, but nevertheless highly still realistic and thus will provide the possibility to use 8 DL timeslots without requiring mobile station to be a Type 2 terminal (capable of simultaneous transmission and reception). The relative gains as showed in [2] are of course valid also if evaluated for less than 8 downlink timeslots, albeit the absolute throughput number will obviously be lower, but that will be equally true for the non-EFTA reference cases.
There is also the case that a 8 TS capable MS can be allocated timeslots spread out over the full TRX, gaps due other reasons won’t prevent from the usage of timeslots that may be allocated on “far ends”.

3.8 Question #8: Downlink Link Adaptation
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.
Answer: Once again, the network implementation will know that these blocks are lost due to collisions, if it receives data on resources such that the mobile station may not have received the transmitted downlink data. The network can then exclude these downlink re-transmissions in the BLER calculation for the downlink link adaptation algorithm. As an alternative option the network could of course also chose to use a link adaptation algorithm implementation that does not use BLER estimates as input, but that rather e.g. solely relies on BEP measurements (MEAN_BEP and CV_BEP).
3.9 Question #9: Uplink Link Adaptation

Detailed question: EFTA may cause potential problems with the uplink link adaptation, since it is not possible for the network to know if a non-received radio block after USF scheduling of the MS is because of poor radio or because the MS had nothing to transmit. 

Answer: As already stated in the previous discussion paper [3], the same problem is already present today when extended uplink TBF mode is used and the EXT_UTBF_NODATA in the GPRS Cell Options IE is set. In such case, the mobile station does not need to respond to a USF by sending an uplink radio block if it has no RLC/MAC blocks ready for transmissions. Any existing network implementation that supports this behaviour (which was introduced in Rel-6) must therefore already have some manner of dealing with this in the uplink link adaptation. Therefore, this is a non-issue for EFTA.
3.10 Question #10: The Rx/Tx Redefinitions in 45.002 

Detailed question: Are the Rx/Tx redefinitions of sections B.1 and B.4 in 3GPP TS 45.002, as proposed in [3], really needed? Is not the legacy text clear enough?
Answer: Agreed. Therefore these changes have now been removed from the latest CR to 45.002 [6].
4 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 GERAN2#40bis meeting in Jeju, Korea (Republic of) in January 2009. 
With respect to what have been argued in this paper as well as in the previous discussion paper [3], the modifications to the set of accompanying CRs [4] through [6], as well as the previously shown gains of EFTA as shown in the earlier discussion papers [1] and [2], it is proposed that the concept of EFTA and its corresponding set of CRs of [4], [5] and [6] are endorsed and/or approved by GERAN#41.
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