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USF scheduling for DTM in RTTI mode
1 Introduction

DTM should be supported in a RTTI configuration [1]. There are two different solutions to schedule the uplink RTTI TBF in DTM. One is proposed in [2] and another one is proposed in [3]. Major differences of these two proposals lie on the uplink scheduling rules for the 20 ms USF scheme. In this contribution we describe the two proposals and argue about their advantages and disadvantages.
2 Uplink scheduling rule for 20 ms USF

When there are legacy TBFs multiplexed on the assigned uplink timeslot pairs, a 20 ms USF scheme will be implemented to schedule the uplink. Assume a given MS with a CS service on TS3 and uplink RTTI TBFs on TS4&5. For the reason of MS multislot capability limitation, this MS can not monitor USF on the corresponding downlink TS4&5. Then two approaches –solution A [2] and B [3] are proposed to schedule the uplink RTTI TBFs.
2.1 Solution A
2.1.1 Introduction of solution A

In solution A, a 20 ms USF on TS2 will schedule the first 10ms RTTI block on uplink TS4&5 and a 20 ms USF on TS4 will schedule the second 10 ms RTTI block on uplink TS4&5 for an RTTI MS1 in DTM mode, see Figure 1.
In Figure 1, an RTTI MS1 is in DTM and CS is on TS3 and PS is on TS4&5 in the uplink. A legacy MS2 is in packet transfer mode and multiplexed on TS2 in the uplink. 
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Figure 1 Uplink scheduling rule for a 20 ms USF in DTM (Solution A)

2.1.2 Advantages of solution A

· The network only needs to assign one USF on each monitored downlink timeslot for a given MS in DTM. 
2.1.3 Disadvantages of solution A
· Allocating the first RTTI block on TS4&5 for an RTTI DTM MS and simultaneously a legacy MS to uplink TS2 will result in a waste of one 20 ms block on TS2, see Figure 1. If an assigned 20 ms USF is sent on downlink TS2 to allocate the first 10 ms RTTI block on uplink TS4&5, it is impossible to allocate a legacy block on uplink TS2 during the same 20 ms block period.
· Allocating the legacy MS on uplink TS2 and simultaneously an RTTI DTM MS on uplink TS4&5 will result in a waste of first 10 ms block on TS4&5, see Figure 1. If an assigned 20 ms USF is sent on downlink TS4 to allocate the second 10 ms block on uplink TS4&5 for RTTI DTM MS, it is impossible to allocate the first 10 ms block on uplink TS4&5 for any other RTTI MS. 
· The more frequent the uplink RTTI block allocations for a DTM MS occur, the more resources will be wasted.

2.2 Solution B
2.2.1 Introduction of Solution B
Solution B proposes a way of “Backward Shifted USF” to schedule uplink RTTI blocks in DTM mode. When “Backward Shifted USF” is implemented, the USF for the second assigned uplink TS shall be sent on the downlink TS corresponding to (with the same timeslot number as) the first assigned uplink TS. The MS shall monitor this downlink TS for the USF corresponding to both the first and the second assigned uplink TS. If the USF corresponding to the first assigned uplink TS is detected the MS shall transmit one RTTI block on the assigned TS pair during the first 10 ms period. If the USF corresponding to the second assigned uplink TS is detected the MS shall transmit two RTTI blocks on the assigned TS pair during both the first and the second 10 ms periods. 

In Figure 2, the network will assign two different USF values for TS4 and TS5, respectively. The MS will only monitor TS4 to ensure the switch time. If an assigned USF for UL TS4 is read on DL TS4, the MS will transmit one RTTI block during the first 10 ms period. If an assigned USF for UL TS5 is read on DL TS4, the MS will transmit two RTTI blocks during the whole 20 ms period.
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Figure 2 Backward Shifted USF in DTM (Solution B)

2.2.2 Advantages of solution B

· For a 20 ms USF, the MS will always monitor the corresponding downlink timeslot with the same timeslot number as the assigned uplink both in packet transfer mode and in dual transfer mode. 
· Backward Shifted USF will not waste any radio resources. The solution allows the network to allocate the first 10 ms of an RTTI block on TS4&5 and for the same block period also allocate a legacy 20 ms block on uplink TS2, see Figure 3.


[image: image3.emf]DL

UL

0 1 2 3 4 5 6 7

0 1 2 3 4

Tra

10 ms

10 ms

uplink 20 ms block

can be scheduled

for legacy MS at

the same time

10 ms

10 ms

5 6 7

PS CS

legend:

RTTI MS1

PS

Legacy MS2

0 1

0 1

20 ms USF for RTTI MS1

20 ms USF for Legacy MS2


Figure 3 Avoid resource waste with Backward Shifted USF in DTM

· Backward shifted USF will not consume any USF values on DL TS2 and not affect the uplink scheduling for other RTTI MS multiplexed on the same physical resources since the network only needs to configure Backward Shifted USF for MSs in DTM mode, see Figure 4.
In Figure 4, an RTTI MS1 is in DTM mode and is configured with Backward Shifted USF on uplink TS4&5. An RTTI MS2 in packet transfer mode is multiplexed on uplink TS4&5. Because MS2 can monitor the corresponding downlink TS4&5, the network need not use Backward Shifted USF to schedule uplink for MS2. In other words, an assigned USF read on TS4 will schedule the first 10 ms of TS4&5 and an assigned USF read on TS5 will schedule the second 10 ms of TS4&5. 
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Figure 4 Multiplexing with other RTTI MS with Backward Shifted USF
2.2.3 Disadvantages of solution B
· A possible disadvantage could be that Backward Shifted USF requires assigning two USFs on one downlink timeslot. However, it should be noted that also Solution A requires two USFs but on two different timeslots.
2.3 Uplink scheduling rule in downlink inter-carrier interleaving scenario
If downlink dual carrier is implemented in the MS, RTTI in the downlink can also be realized by inter-carrier interleaving on one timeslot on each carrier. Frequency diversity will in this case improve the performance. 
2.3.1 Uplink scheduling rule in packet transfer mode
For packet transfer mode, when RTTI blocks are mapped by inter-carrier interleaving, a 20 ms USF is located at its legacy original position in the downlink on one of the two carriers. The uplink scheduling rule is the same as when RTTI blocks are mapped as described in 2.2.1. The MS can monitor the USF on the two downlink carriers and transmit on the carrier where the assigned USF has been read. 
In Figure 5 an MS in packet transfer mode is in downlink assigned to TS4 on both carriers and in uplink to TS4&5. If an assigned 20 ms USF is read on the first TS (TS4) of the assigned corresponding TS pair (TS4&5) on f1, the MS can transmit during the first 10 ms period, and if an assigned 20 ms USF is read on the second TS (TS5) of the assigned corresponding TS pair (TS4&5) on f1, the MS can transmit during the second 10 ms period.
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Figure 5 Uplink scheduling rule for a 20 ms USF in packet transfer mode (DL inter-carrier interleaving)

2.3.2 Uplink scheduling rule in DTM
For DTM, when the CS timeslot is on TS3 on f1, the downlink PS timeslot is on TS4 by inter-carrier interleaving and the uplink PS timeslot is on TS4&5 on f1. If we use solution A to schedule the uplink, the MS needs due to limitations in its multislot capability monitor USF on downlink TS2 and TS4, see Figure 6. 
In this scenario, there are some problems when solution A is implemented in downlink and inter-carrier interleaving is used. On the downlink TS2 there is no data or control signalling for that given MS so, it is not proper to require that MS to monitor USF as it otherwise can be in DRX mode during TS2. 
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Figure 6 Solution A in DTM (inter-carrier interleaving)

For DTM, we can implement solution B -- “Backward Shifted USF” to schedule the uplink in downlink inter-carrier interleaving scenario. To ensure the MS switch time, the MS can not monitor USF on TS5. If an assigned USF for UL TS4 is read on DL TS4, the MS will transmit one RTTI block during the first 10 ms period. If an assigned USF for UL TS5 is read on DL TS4, the MS will transmit two RTTI blocks during the whole 20 ms period, see Figure 7. 
Solution B has the advantage that it only requires the MS to monitor for USFs the DL TSs where user downlink data can occur. This implies that the MS can be in DRX mode for a longer time as compared to solution A.
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Figure 7 Solution B --Backward Shifted USF in DTM (inter-carrier interleaving)

3 Conclusions
When a given RTTI MS is in DTM mode and needs to be multiplexed with legacy TBFs on the same uplink resource, the uplink RTTI blocks can be scheduled with Backward Shifted USF. Under the configuration of Backward Shifted USF, the USF for the second TS of the TS pair is shifted backward to the first TS of the TS pair. If this shifted USF is read on the first TS of a TS pair, the MS will transmit two RTTI blocks during 20 ms period.

Backward Shifted USF will not waste any radio resources and enable the multiplexing of RTTI MSs both in DTM and packet transfer mode. Moreover, for a 20 ms USF, the uplink monitoring rule will be the same regardless of whether the RTTI MS is in DTM mode or not. Also, the uplink scheduling rule will be the same if RTTI is realized by inter-carrier interleaving or not in DTM.
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