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On the definition of USF for RTTI
1 Introduction

This document contains  a discussion on the definition of USF handling for RTTI. 
2 Description of different ways to handle USF
It is not trivial to understand the principles of USF for RTTI from the proposed working assumptions. This section is an attempt to describe the proposal as Ericsson has understood it. Further, another method, more similar to the legacy USF principles, is described.
2.1 General

According to the proposed working assumptions, the USF sent to an MS in a downlink PDCH pair refers to a corresponding PDCH pair in the uplink. Which uplink pair the USF refers to is dependent on the set of PDCH pairs assigned to the MS. E.g., if the USF is sent in the downlink PDCH pair with lowest timeslot numbers in the MS’s downlink assignment, it allows transmission to that MS in the uplink PDCH pair with lowest timeslot numbers in the MS’s uplink assignment. This will in the following be referred to as “assignment based USF”, as opposed to the legacy principle that a USF sent on downlink timeslot x means a request to transmit on uplink timeslot x, here referred to as “timeslot based USF”.

2.2 How to interpret the figures

The two methods are illustrated in a number of figures in the sequel of this section. Each figure shows one or two downlink TDMA frames and one or two uplink TDMA frames. In the single carrier scenarios, one TDMA frame is shown for downlink and one for uplink. In the dual carrier scenarios, two TDMA frames are shown for downlink, corresponding to the two carriers, and similarly for uplink.

A PDCH pair is illustrated by two timeslots having the same colour. Different pairs (typically to different MS) are shown in different colours. A legacy PDCH is illustrated by a single timeslot having a unique colour. A timeslot shared by two users is illustrated by two colours separated by a “slash”.
The USF is illustrated as a red circle or oval on the timeslot(s) on which the USF is sent. A red arrow ending in a red box shows the uplink PDCH (pair) to which the USF refers.

2.3 Single carrier, no multiplexing with legacy (10 ms USF)
Figure 1 illustrates a single carrier scenario without multiplexing with legacy. MS A (yellow PDCH pairs) is assigned TS0&1 in downlink and TS0&1 in uplink. MS B (blue PDCH pairs) is assigned TS4&5 in downlink and TS6&7 in uplink. 
With timeslot based USF (left figure) a USF on TS0&1 to MS A requests MS A to transmit in uplink TS0&1, while a USF on TS6&7 to MS B requests MS B to transmit in uplink TS6&7.

With assignment based USF (right figure) a USF on TS0&1 to MS A requests MS A to transmit in uplink TS0&1, while a USF on TS4&5 to MS B requests MS B to transmit in uplink TS6&7.


[image: image1]
Figure 1. USFs for single carrier when there is no multiplexing with legacy (10 ms USF).
Left: Timeslot based USF. Right: Assignment based USF.
2.4 Dual carrier, no multiplexing with legacy (10 ms USF)
There are two options how to assign a downlink PDCH pair in this case: either on two timeslots on the same carrier or on different carriers. If the PDCH pair is on one carrier, the USF is sent on one carrier and refers to a PDCH pair on the corresponding uplink carrier. If the PDCH pair is split across two carriers, the solution is different for the assignment based and the timeslot based USF.

For the timeslot based USF (left figure), the USF is sent on the same downlink timeslots and carrier as the uplink PDCH pair to which it refers.

For the assignment based USF (right figure), the USF is sent split across two carriers but still refers to a corresponding PDCH pair on one carrier.
Examples are illustrated in Figure 2.

[image: image2]
Figure 2. USFs for dual carrier when there is no multiplexing with legacy (10 ms USF).
Left: Timeslot based USF. Right: Assignment based USF.

2.5 Single carrier, multiplexing with legacy (20 ms USF)
When multiplexing with legacy, USF is always sent over 20 ms on one timeslot with legacy coding.

For assignment based USF, the 20 ms USF sent on the first timeslot in a downlink PDCH pair refers to the first 10 ms RTTI block in the corresponding uplink PDCH pair, and the 20 ms USF sent on the second timeslot in a downlink PDCH pair refers to the second 10 ms RTTI block in the corresponding uplink PDCH pair.

For timeslot based USF, the behaviour is similar except that the uplink timeslot numbers of the PDCH pair determine the downlink timeslot in which the 20 ms USF is sent.
This is illustrated in Figure 3 (in the example, the behaviour is the same for both USF solutions since the downlink and uplink PDCH pairs have the same timeslot numbers).

[image: image3]
Figure 3. USFs for single carrier when there is multiplexing with legacy (20 ms USF).

2.6 Dual carrier, multiplexing with legacy (20 ms USF)
Again, there are two options how to assign a downlink PDCH pair in this case: either on two timeslots on the same carrier or on different carriers. The first option (timeslots of a downlink PDCH pair on same carrier) is used as described in section ‎2.5.

For the second option (timeslots of a downlink PDCH pair on different carriers), assignment based USF means that the 20 ms USF sent on the first carrier of the downlink PDCH pair refers to the first 10 ms RTTI block in the corresponding uplink PDCH pair. The 20 ms USF sent on the second carrier in a downlink PDCH pair refers to the second 10 ms RTTI block in the corresponding uplink PDCH pair.

For the timeslot based USF, the two 20 ms USF:s are sent on the same downlink timeslots and carrier as the uplink PDCH pair to which it refers.
This is illustrated in Figure 4.
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Figure 4. USFs for dual carrier when there is multiplexing with legacy (10 ms USF).
Left: Timeslot based USF. Right: Assignment based USF.
3 Comparison of timeslot based and assignment based USF
There are some drawbacks with the assignment based USF. These are discussed in this section.
3.1 General problem
There is a general problem with the assignment based USF (cf. section ‎2.1), both for the case when there is multiplexing with legacy and when there is not.

Figure 5 illustrates an example of a scenario with multiplexing with legacy (20 ms USF), in which some uplink resources cannot be scheduled with the assignment based USF. MS A (legacy) is assigned downlink TS0&1 and uplink TS0&1. MS B (RTTI) is assigned a downlink PDCH pair on TS0&1 and an uplink PDCH pair on TS2&3. If USF is sent on TS0&1 to MS A, MS A will transmit in TS0&1, while TS2&3 will be left unused. Similarly, if USF is sent on TS0&1 to MS B, MS B will transmit in TS2&3, while TS0&1 will be left unused. With the timeslot based USF, all uplink resources can be used simultaneously.

[image: image5]
Figure 5. Example of assignment in which some uplink resources cannot be scheduled in a scenario with multiplexing with legacy.
Left: Timeslot based USF. Right: Assignment based USF.
A similar example is shown in Figure 6 in a scenario without multiplexing with legacy (10 ms USF). MS A (RTTI) is assigned a downlink PDCH pair on timeslot 0 and 1 and an uplink PDCH pair on timeslot 0 and 1. MS B (RTTI) is assigned a downlink PDCH pair on TS0&1 and an uplink PDCH pair on timeslot 2 and 3. If USF is sent on TS0&1 to MS A, MS A will transmit in TS0&1, while TS2&3 will be left unused. Similarly, if USF is sent on TS0&1 to MS B, MS B will transmit in TS2&3, while TS0&1 will be left unused. Again, with the timeslot based USF, all uplink resources can be used simultaneously.
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Figure 6. Example of assignment in which some uplink resources cannot be scheduled in a scenario without multiplexing with legacy. Left: Timeslot based USF. Right: Assignment based USF.
Another problem is the case when the MS has no assigned downlink TBF. This is illustrated in Figure 7. It is not clear how the uplink is scheduled with the assignment based USF in this scenario.

[image: image7]
Figure 7. RTTI uplink assignment without downlink assignment.
Left: Timeslot based USF. Right: Assignment based USF.
A conclusion from this is that the assignment based USF results in a waste of uplink resources. Therefore, the legacy principle of timeslot based USF should be maintained.

3.2 Splitting USF across two carriers in a dual carrier PDCH pair
As described in section ‎2.4, the assignment based USF means that when a downlink PDCH pair is split across two carriers, the USF should also be split the same way when 10 ms USF is used. For the case of multiplexing with legacy (described in section ‎2.6), this corresponds to that the two 20 ms USFs (referring to the 1st and 2nd 10 ms uplink block on an uplink PDCH pair on one carrier, respectively), are sent on different carriers.
This has some drawbacks. A problem in the case of multiplexing with legacy is shown in Figure 8. MS A (legacy) is assigned timeslot 0 on carrier 2 in uplink and downlink. MS B (RTTI) is assigned downlink timeslot 0 on carrier 1&2 and uplink timeslot 1&2 on carrier 1.

To schedule MS B with the assignment based USF, USF is sent on timeslot 0 on carrier 1 to schedule the first 10 ms uplink period and on timeslot 0 on carrier 2 to schedule the second 10 ms period. When the second 10 ms period is scheduled, timeslot 0 on carrier 2 is wasted since it cannot be scheduled to MS A.

With the timeslot based USF, the USF to MS B is sent on timeslot 1 on carrier 1 to schedule the second 10 ms uplink period while the USF to MS A is sent on timeslot 0 on carrier 2. Both of these can be sent simultaneously.
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Figure 8. Issue with splitting USF across two carriers in a scenario with multiplexing with legacy (20 ms USF).
Left: Timeslot based USF. Right: Assignment based USF.
A similar problem in the case of no multiplexing with legacy is shown in Figure 9. MS A (dual carrier RTTI) is assigned downlink timeslot 0 on carrier 1&2 and uplink timeslot 0&1 on carrier 1. MS B (single carrier RTTI) is assigned downlink timeslot 0&1 on carrier 2 and uplink timeslot 0&1 on carrier 2.

According to the assignment based USF method, MS A is scheduled by sending USF on downlink timeslot 0 on carrier 0&1. At the same time, MS B cannot be scheduled since its USF would be sent on downlink timeslot 0&1 on carrier 2. Consequently, timeslot 0&1 on carrier 2 are wasted.

With the timeslot based USF, USF:s can be sent to MS A and MS B simultaneously (to MS A on timeslot downlink carrier 1, to MS B on downlink carrier 2, both on timeslot 0&1) and no resources are wasted.
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Figure 9. Issue with splitting USF across two carriers in a scenario without multiplexing with legacy (10 ms USF).
Left: Timeslot based USF. Right: Assignment based USF.
Note that the particular example in Figure 9 wastes resources regardless of the USF method used since if e.g. a downlink block is sent on timeslot 0 on carrier 1 and 2, nothing can be sent on downlink timeslot 1 on carrier 2. This example is only used to illustrate a problem. A more useful assignment is shown in Figure 10. The black and blue PDCH pairs are for two single carrier RTTI MS while the yellow and orange PDCH pairs are for two (or one) dual carrier RTTI MS. Thus, the timeslot based USF allows multiplexing of single carrier and dual carrier RTTI MS on the same timeslots (obviously with the restriction that during a given 10 ms period, either dual carrier or single carrier RTTI blocks are transmitted).

[image: image10]
Figure 10. Illustration of multiplexing of dual carrier and single carrier RTTI MS.
As a conclusion, even if PDCH pairs are split across carriers, the USF should not be split across carriers in the case of no multiplexing with legacy. Further, in case of multiplexing with legacy, the same principle as in the single carrier case should be used, i.e., timeslot based USF.
4 Conclusions
It is proposed to adopt the following principles as working assumptions: 

· A timeslot based USF principle will be used.

· In the case of no multiplexing with legacy (10 ms USF), this means that an uplink PDCH pair on timeslot M and N on a given carrier is scheduled by the USF on timeslot M and N on the corresponding downlink carrier.

· In the case of multiplexing with legacy, this means that an uplink PDCH pair on timeslot M and N (where M<N) on a given carrier is scheduled by the two USF:s on timeslot M and N on the corresponding downlink carrier, irrespective of if downlink PDCH pairs are split across carriers or not. A USF on downlink timeslot M schedules the first 10 ms period and a USF on downlink timeslot N schedules the second 10 ms period.
There is USF collision on TS0 on carrier 2. I.e. it will not be possible to schedule TS0 in the UL on carrier 2 in BTTI mode if the USF for carrier 1 in UL is transmitted on both carrier 1 and carrier 2 in the DL.





Collision of USFs on TS0 and TS1 → no UL scheduling possible on TS2 and TS3 if MS (orange) already scheduled on TS0 and TS1 and MS (yellow) is allocated on TS2 and TS3 in the UL.
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No UL scheduling possible since USFs for the PDCH pair on the UL is coupled to a PDCH-pair on the DL.
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There is USF collision on TS0 on carrier 2. I.e. it will not be possible to schedule TS0 and TS1 in the UL on carrier 2 if the USF for carrier 1 in UL is transmitted on both carrier 1 and carrier 2 in the DL.
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Collision of USFs on TS0 and TS1 → no UL scheduling possible on TS2 and TS3 for the dual timeslot (yellow) MS.
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