3GPP TSG GERAN#45                                                                                          Tdoc GP-010336
Berlin,  Germany, 1-5 March, 2010


                                                                                        Agenda Item xxxx

Source: Telefon AB LM Ericsson, ST-Ericsson

Clarifications for EFTA

1.  Introduction

In the 3GPP Rel-9 of the GERAN specifications a new feature Enhanced Flexible Timeslot Allocation (EFTA) has been introduced. EFTA gives the network the possibility to allocate one and the same mobile station uplink and downlink PDCH resources that overlap in time. This mobile station shall then for these overlapping instances prioritize uplink radio block transmission over attempting to read downlink radio blocks, but shall always attempt to read downlink radio blocks if it has nothing to transmit. If it does not need to use all its allocated uplink PDCH resources, the mobile station shall transmit its uplink radio blocks in such a way that the number of downlink radio blocks it can read is maximized. 
All examples in this document are for a MS of multislot class 33 (5 Rx and 4 Tx with a switching time of 1), but the proposed solutions are of course applicable to all multislot classes supporting EFTA.

2. Uplink pre-emptive retransmissions when in EFTA
2.1 
Problem description
Pre-emptive retransmissions are generally useful to improve the transmission performance by minimizing the retransmission the delay until a retransmission of a lost RLC data block can take place, given that there is unused bandwidth available. Hence pre-emptive retransmissions should preferably be also supported when operating in EFTA mode.

However, when operating in EFTA mode a mobile station that is transmitting radio blocks in pre-emptive manner might miss downlink radio blocks transmitted by the network, since an EFTA operating MS will prioritize its transmissions over receptions as mentioned in Section 1 earlier.
The current specification (3GPP TS 44.060) allows only to turn the support for pre-emptive retransmission in the mobile station (see 3GPP TS 44.060) onor off, but it does not specify means to avoid collisions when operating in EFTA mode and simultaneously utilizing pre-emptive retransmissions.

An example of the problem is shown in the Figure 1 below:
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Figure 1: Example of lost DL blocks due to pre-emptive retransmissions 
In Figure 1 above two UL blocks are transmitted. The block on UL TN 3 is the last radio block containing new RLC data and the block on UL TN 2 is the same block pre-emptively retransmitted. The DL block transmitted on DL TN 4 is lost due to collision with the pre-emptively transmitted UL block on UL TN 2. 
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Figure 2: Example of no lost DL blocks due to pre-emptive retransmissions

In Figure 2 one UL block is transmitted. The block on UL TN 3 is a block pre-emptively retransmitted. No DL blocks transmitted are lost due to collision with the pre-emptively transmitted UL block on UL TN 3.. 
2.2
Proposed solution
A mobile station assigned an uplink and a downlink TBF is aware about its switching times at transition from downlink reception to uplink transmission defined by its multislot class (see 3GPP TS 45.002) as well as, obviously, of its assigned uplink and downlink time slots. Based on this information, a mobile station in operating in EFTA mode is aware about the time slots which can be used for uplink transmission without causing collisions with possible downlink reception.

Thus it is here proposed that a mobile station in EFTA shall perform uplink pre-emptive retransmission only on uplink time slots that may not cause loss of downlink RLC/MAC data blocks, taking into account the switching requirements of its multislot class and its current TBF assignment. The proposed solution is exemplified in the Figure 3 below.
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Figure 3: Example of result of the proposed solution

In Figure 3 one UL block is transmitted on UL TN 3, which is the last real data block. No block is transmitted on UL TN 2. Without any changes to the specifications however, a pre-emptively transmitted UL block would be sent here, which in turn would cause the DL block transmitted on DL TN 4 to be lost due to collision. The more blocks subject to pre-emptive retransmissions, the more DL blocks would be lost with the current specification. 
When comparing the scenario without any changes, shown in Figure 1, with the same scenario with the proposed changes, shown in Figure 3, it is clear that the proposed change gives the possibilities to use pre-emptive retransmissions in UL without losing DL blocks due to collisions whenever EFTA is used.  

3. Clarification of Response to Poll for EFTA

3.1 Introduction

In order to make downlink transmission as efficient as possible, i.e. to minimize the collision probability when EFTA is used, a certain uplink transmission order is specified (see for example section 8.1.1.1.1 in 44.060). However, this order is currently not utilized for mobile station’s responses to polls. In many cases however it is essential to use this transmission order to get a reasonable probability of success for network initiated polls for Ack/Nacks, i.e. to avoid events of lost poll requests due to prioritized uplink transmissions.

3.2 
Problem description
Probability of success for network initiated polls for Ack/Nacks will in many cases be very low when EFTA is used without any further consideration of the impacts resulting from the prioritized uplink transmissions. This will lead to many confusions of Ack/Nack status between mobile station and network, which in turn will lead to lower performance.
An example of the problem is shown in Figure 4 below.
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Figure 4: Example of problem of the current solution

In Figure 4 a poll for an Ack/Nack is transmitted on TN 0. TN 0 is a “safe” DL timeslot since no DL blocks transmitted on TN 0 can be lost due to UL transmission in this TBF configuration. The poll is sent on TN 0 earlier and after reaction time specified by RRBP the poll response is sent in the block period shown in the figure. As can be seen by sending the poll response on the same timeslot as the poll is received, 3 DL blocks are lost due to collision.
In case the poll was sent on the second “safe” DL timeslot (TN 1) in this TBF configuration, 2 DL blocks would be lost due to collision.

If instead the poll is sent on a timeslot which is subject to collisions, the probability that the poll is successfully received in the MS is low. An example if this is shown in Figure 5.
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Figure 5: Example of problem of the current solution

In Figure 5 a poll for an Ack/Nack is transmitted on TN 3. TN 3 is not a “safe” DL timeslot since UL transmissions on TN 0 or 1 leads to lost DL blocks on TN 3 due to collision. In this example the poll is lost and therefore the mobile station will not respond to the poll after the reaction time specified by RRBP.
3.3
Proposed solution

One possible solution is to restrict the EFTA implementation in the network so that poll requests are only transmitted on time slots that are considered “safe”, as discussed in the previous section. Further on, it requires that no downlink transmissions are simultaneously performed on time slots that won’t be received due to the fact that, given that the mobile station will response on the same time slot as it has been polled, these downlink transmissions would then collide with the uplink transmission of the poll response. However, this will obviously reduce the flexibility introduced by EFTA and its performance gains.
Another solution suggested is that the currently specified UL timeslot transmission order used for EFTA shall also apply for transmission of the responses to network initiated poll requests. Hence the uplink transmission of the poll response shall be decoupled from the  time slot number on which the poll is received. Already in the current specification this is true for UL PACCH blocks not sent as a response to a poll when EFTA is used, i.e. the PACCH blocks and non-PACCH blocks transmission follows the same general rules specified in 8.1.1.1.1 in 3GPP TS 44.060.The network should of course still ensure to sent the poll requests on “safe” downlink timeslots. 
An example of the result from the proposed solution is shown in Figure 6 below
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Figure 6: Example of result of the proposed solution

In Figure 6 a poll for an Ack/Nack is transmitted on DL TN 0, which is a “safe” DL timeslot since no DL blocks transmitted on DL TN 0 can be lost due to UL transmission in this TBF configuration. The poll is sent on DL TN 0 earlier and after reaction time specified by RRBP the poll response is sent in the block period shown in the figure. As can be seen by sending the poll response on the first timeslot of the specified UL scheduling order (UL TN 3 in this case), no DL blocks are lost due to collision.

Comparing the scenario without any changes, shown in Figure 4, with the same scenario with the proposed changes, shown in Figure 6, shows that the proposed change gives the possibilities to safely poll the MS and get a response without losing any DL blocks due to collision when EFTA is used.  

Given that the second solution maintains EFTA flexibility and gains it is suggested to adopt it in the relevant GERAN specification.
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