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Enhanced Flexible Timeslot Assignment
1 Introduction

The current 3GPP TS 45.002 (ref. [1]) defines that each mobile station supports a certain multi slot class for EGPRS mode of operation. Each multi slot class has the following three parameters:

1. Tx, which determines maximum number of timeslots in the uplink direction
2. Rx, which determines maximum number of timeslots in the downlink direction

3. Sum, which determines maximum number of timeslots for the sum of both downlink and uplink

Flexible Timeslot Assignment (FTA) is introduced in 3GPP Release 7 (see ref [4]). Before FTA, the BSS was required to respect the Sum parameter in a semi-dedicated fashion, i.e. on a per TBF assignment basis. With the introduction of FTA, this is changed. FTA allows the BSS to assign timeslots according to the maximum number of timeslots for both downlink (Rx) and uplink (Tx) not considering the constraint given in the Sum parameter. However, FTA requires to respect the Sum parameter dynamically on a per-radio block period (or TTI) basis.
1.1 Problems with Flexible Timeslot Allocation, FTA
Two main problems have been identified with FTA which (as shown in this paper) could be further improved:
1. It still implies a non-negligible reaction time for changing the main flow direction (i.e. from Tx to Rx or Rx to Tx). Depending on the RLC roundtrip time, this reaction time could be up to 120ms, which will give non-optimal decisions. 

2. Implementing support for higher multi slot classes requires faster switching times in the mobile stations. The multi slot classes (see ref. [1]) 40 to 45 require a switching time (Trb) of less than one timeslot. This might possibly limit the number of timeslots in practice to 5 or maybe 6 per carrier and direction, and then in combination with just 1 timeslot in the opposite direction simultaneously.
2 Enhanced Flexible Timeslot Assignment, EFTA
2.1 Basic Concept

The proposed enhancements, which are called Enhanced Flexible Timeslot Assignment (EFTA) are based on three new rules (which requires changes to 3GPP specs [1], [2] and [3]) and may be seen as additions to FTA and thus require that this is supported.
1. the mobile station shall prioritize uplink transmission before reading downlink reception

2. when mobile station has nothing to transmit it shall read the downlink

3. the mobile shall schedule any uplink transmission in a specified manner, starting with the higher numbered out of the allocated uplink. This will give the possibility to read the most downlink blocks.
The proposal also includes that the BSS does not need to respect the Sum parameter in the mobile’s multi slot class during a given radio block period, as is the case with FTA today. The BSS shall instead only respect the Rx and Tx parameters individually during a given radio block period. Also new multi-slot classes supporting a higher number of timeslots may thus be introduced.
2.2 Detailed Description

The additional rules, which apply to the behaviour of the mobile station, of this proposal are (same rules as in section chapter ‎2.1 but more detailed):

1. Whenever the mobile is scheduled by the network for uplink transmission, it shall prioritize uplink transmission above downlink reception. This means that as long as the mobile has anything in its transmit buffer it shall transmit using all uplink timeslots allocated for any given radio block period and read the downlink only according to its Tx to Rx shifting time requirements associated with its multi-slot class (see ref [1]). 

2. Whenever the mobile is scheduled by the network for uplink transmission, but has nothing to transmit, it shall read the downlink on all assigned timeslots on the corresponding downlink radio resource. This means that as long as the mobile do not have anything in the transmit buffer it shall the downlink on all assigned downlink timeslots, thus the limitation given by the Rx to Tx switching times is not applicable.

3. Whenever the mobile station is scheduled by the network for uplink transmission and it has data in the transmit buffer it shall transmit the first block using an allocated timeslot selected in such a way that it can read the most downlink blocks. In detail, such a rule might look like:


IF Number_of_assigned_UL_TS <= 4 



then the MS shall transmit according to: 7,6,5,4,3,2,1,0.

ELSE, the MS shall transmit according to: 3,2,1,0,7,6,5,4.

The number sequences in the above rule specifies the order in which the timeslots shall be selected for uplink transmission. Of course, a timeslot need to be assigned in order to be allocated and thus transmitted on. What this means is that, in the case of the mobile station is assigned four or less timeslots, the first uplink block shall be transmitted the last uplink timeslot allocated by the USF. In case the mobile station instead is assigned on more than 4 uplink timeslots, then the first uplink block shall be transmitted on timeslot TN=3 (if allocated), the next one on TN=2 (if allocated), the next one on TN=1 (if allocated), the next one on TN=0 (if allocated), the next one on TN=7 (if allocated) etc.
This means that in a case where for a given radio block period the uplink bandwidth is larger than what is required for transmission of the data buffered in the mobile station, the mobile station will not transmit on the timeslots which will affect the reception of the downlink blocks on low TN(s). Thereby the mobile station will read the downlink timeslots corresponding to the unused uplink timeslots instead. This will minimize the number of possibly lost downlink blocks.
The proposal also includes that the BSS does not need to respect the Sum parameter in the mobile’s multi slot class during a given radio block period, as is the case with FTA today. The BSS shall instead only respect the Rx and Tx parameters individually during a given radio block period. This means that it shall be asserted that the number of allocated downlink PDCHs do not exceed the number of downlink timeslots that can be used by the MS (i.e., the parameter ‘Rx’) and also that the number of allocated uplink PDCHs shall not exceed the number of uplink timeslots that can be used by the MS (i.e., the parameter ‘Tx’),
The proposal includes that the mobile shall be able to possible signal support for a higher number of Tx and/or RX timeslots than the original multi slot class. The switching times (Tta, Tra, Ttb, Trb) shall be used from the original multi slot class, but is thus only applicable when the MS has something to transmit in the uplink and must switch from Rx to Tx.
2.3 Examples  


The rules are exemplified in the following figures. The mobile station supports switching times of Ttb=1 and Trb=1 (see ref [1]) and adjacent cell signal level measurements are disregarded in these examples. PACCH blocks, including PAN blocks, sent downlink shall be sent on a timeslot the mobile station can read (or is most probable to be read). 
The notations used in the examples below are shown in Figure 1 below.
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Figure 1 - Notation used in the examples

Rule number 1 above is exemplified in Figure 2 below:
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Figure 2 - Example of additional rules for a 8 DL and 4 UL timeslot assignment in EDA mode

Rule number 1 is exemplified at position a) in Figure 2. The mobile station is USF scheduled for uplink transmission at position a), and has data in the transmit buffer and therefore prioritize uplink transmission higher than reading for downlink reception. This leads to that the downlink blocks on timeslot 6,7,0,1,2 and 3 are not read by the mobile at this point, and have to be re-transmitted. As can be seen, as many timeslots as possible are utilised for downlink transmission while the remaining bandwidth is utilised for uplink transmission. The available bandwidth is fully utilised and can not be utilised to a higher degree given the mobile’s switching time capabilities. 
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Figure 3 - Example of additional rules for a 8 DL and 4 UL timeslot assignment in EDA mode

Rule number 2 is exemplified at position a) in Figure 3. The mobile is USF scheduled for uplink transmission at position a), but has nothing in the transmit buffer and therefore skips transmission and reads for downlink reception. The full 8 timeslots are utilised for downlink transmission.
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Figure 4 - Example of additional rules for a 8 DL and 4 UL timeslot assignment in EDA mode

Rule number 3 is exemplified at position a) in Figure 4. The mobile is USF scheduled for uplink transmission at position a), but has only a small amount of data in the transmit buffer and therefore uses the TN order for transmission. In this case the mobile station needs only use one uplink timeslot (which then will be TN=7 according to rule no.3 as described earlier). This leads to that the downlink blocks on timeslot 1, 2 and 3 are not read by the mobile at this point, and have to be re-transmitted Again, as many timeslots as possible are utilised for downlink transmission, and the remaining bandwidth is utilised for uplink transmission. The available bandwidth is fully utilised and can not be utilised to a higher degree due to the switching time capabilities of the mobile station. 
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Figure 5 - Example of additional rules for a 8 DL and 2 UL timeslot assignment in DA mode

 REF _Ref201312587 \h 
 shows example of rule 1 and 2 when the uplink TBF is setup in DA mode. The figure also shows an example of how to handle an RRBP poll for DL Ack/Nack in relation to rule 1 and 2. Note that FTA is currently not specified for DA mode.  
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Figure 6 - Example of additional rules for a 8 DL and 4 UL timeslot assignment in EDA mode with RTTI (10ms TTI) and BTTI USF mode

Figure 6 shows example of rule 1, 2 and 3 when the TBFs are setup in RTTI mode using 10ms TTI. The uplink TBF is setup in EDA mode.
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Figure 7 - Example of additional rules for a 8 DL and 8 UL timeslot assignment in EDA mode (BTTI mode)

Figure 7 shows example of rule 1, 2 and 3 when the uplink TBF is setup in EDA mode and with 8 timeslots downlink and 8 timeslots uplink assignment. Note that USF Granularity might be used in order to improve the uplink throughput for relevant TBFs as in legacy operation. Note also that in order to handle situations where the first USF is not read the USFs are sent on both timeslots TN 0 and TN 4.

3 Conclusions and Discussion

The main advantage with the introduction of the Enhanced Flexible Timeslot Allocation as described in this paper is that the available bandwidth, according to the mobile station’s multi-slot class, can be fully utilized in those cases where user plane payload is available for transmission. This means not only that the end user performance is improved, but also that the scheduler gets more efficient and thus spectrum as well as the hardware efficiency is increased. 

Another advantage is that the mobile station can support a high number of timeslots for reception and transmission but with a lower requirement on shifting time than the corresponding multi-slot class has. It will be possible to introduce mobiles supporting 8 timeslots per carrier and direction, without requiring the mobile to support reception and transmission at the same time. A mobile supporting 8 timeslots per carrier must currently be of type 2, which means it has to support reception and transmission at the same time. With this proposal, that is no longer necessary.

. 
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