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Some Concerns on MTTI 
1 Introduction
A new concept Mixed TTI is introduced to allow one TBF has two kinds of TTI to increase the bandwidth without decreasing the latency [1] [2]. This paper shows some concerns on MTTI. 

2 EDA scheduling
There are two possible configurations for uplink MTTI TBF, one is the BTTI timeslot is in front of the RTTI timeslot pairs and another is the BTTI timeslot is behind of the RTTI timeslot pairs, like shown in the following figure 1. The solution for EDA scheduling shall be applicable for both cases.
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Figure 1 BTTI timeslot behind (left) BTTI timeslot in front (right) 

2.1 RTTI resource with BTTI USF
In a configuration that both uplink BTTI timeslot and RTTI timeslot pairs are assigned with BTTI USF, EDA is applied across over all timeslots (BTTI and RTTI) as described in CR [3], which is not clear enough. The behaviour of the mobile shall be clarified in the following cases.
· Case 1: 
In this case, BTTI timeslot is configured in front of RTTI timeslot pairs. In our understanding, if an assigned BTTI USF corresponding to the uplink BTTI timeslot is received, the mobile doesn’t need to continue monitor the BTTI USF on the next two downlink timeslot and is allowed to transmit both BTTI block and RTTI blocks in the next 20ms period like shown in figure 2. If the assigned USF is not received, the mobile shall continue to monitor USF as specified for the EDA for RTTI configuration in BTTI USF mode.
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Figure 2 EDA scheduling (case 1)
· Case 2:

In this case, BTTI timeslot is configured behind RTTI timeslot pairs. In our understanding, no matter BTTI USF is received in the lower numbered timeslot or the higher numbered timeslot, the mobile can transmit the uplink BTTI block in the next 20ms period like shown in figure 3.
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Figure 3 EDA scheduling (case 2)

2.2 RTTI resource with RTTI USF

In a configuration that RTTI timeslot pairs are assigned with RTTI USF, two USF modes exist simultaneously for EDA which should be carefully considered. BTTI USF is only applied for BTTI resource (same as DA operation) while RTTI USF is only applied for RTTI resource in EDA operation for MTTI, it is not inline with the principle of EDA, which is transmitting on more uplink timeslots by monitoring less downlink timeslots. EDA operation should be further considered in the following cases.

· Case 3:
For the uplink configuration that BTTI USF is assigned for uplink BTTI resources and RTTI USF is assigned for uplink RTTI resources and BTTI timeslot is in front of RTTI timeslots. In this case, to schedule one uplink BTTI timeslot and four RTTI timeslots, the MS needs to read at least three downlink timeslots if BTTI and RTTI resource scheduling is in a separated way. This way brings a strict restriction to MS multislot capability but does not bring the benefit of EDA into MTTI. We think the RTTI USF controls the RTTI resources and meanwhile if the assigned BTTI USF is received, it is better to allow the MS to transmit the radio blocks (both BTTI and RTTI blocks) on all assigned uplink timeslots in the next 20ms period like shown in figure 4. This mechanism will not require the mobile to monitor three downlink timeslots in every 10ms period, if BTTI USF (light green in figure 4) is received, it implies that two RTTI USFs (grey colour in figure 4) are allocated too, thus the mobile does not need to monitor USF on DL TS1&2. 
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Figure 4 EDA scheduling (case 3)

· Case 4:
In this case, if the BTTI timeslot is configured behind of the RTTI timeslot pairs, I am not sure whether it is feasible that the uplink BTTI timeslot can be scheduled if DA operation is applied for BTTI timeslot. Because the MS will never know whether the BTTI USF is allocated by the network, the MS has to monitor the downlink BTTI USF in every TDMA frame no matter the assigned RTTI USF is already allocated or not. This is not inline with the principle of EDA to make full use of multi-slot capability. In our understanding, the RTTI USF should also be responsible to the uplink BTTI resource scheduling. It is better to specify that the RTTI USF received during the first (or the second) during 20ms period will be responsible to the schedule of the uplink BTTI block for the next 20ms period by assuming BTTI USF (grey colour in figure 5) is allocated on downlink timeslot 4 like shown in figure 5. Otherwise, in this configuration separate scheduling method will not bring any benefit to uplink throughput by the limitation of MS multislot capability.  

[image: image5.emf]DL 0 1 2 3 4 5 6 7 UL 0 1 2 3 4 5 6 7

10ms

USF USF

10ms

10ms

10ms

DL 0 1 2 3 4 5 6 7 UL 0 1 2 3 4 5 6 7

10ms

USF

10ms

USF

10ms

10ms


Figure 5 EDA scheduling (case 4)

3 Bandwidth benefit of MTTI
The benefit of MTTI is described in [1] [2] which is MTTI avoids any tradeoff between latency (achieved by RTTI configuration) and bandwidth (achieved by BTTI configuration) for a certain multislot class mobile. 
In theory the highest bandwidth is higher in MTTI configuration than in RTTI configuration for a specific multislot class (e.g.Tx=odd or Rx=odd or Sum=odd). However, if the uplink resources cannot be scheduled in an efficient way (e.g. minimize the requirement for the multislot capability), MTTI may not bring the bandwidth benefit. Thus, we say the benefit of throughput in MTTI configuration should be further evaluated. 
Moreover, when multiple mobiles multiplexing on the same radio resource, it does not mean that MTTI configuration has a higher possibility to get a higher throughput than RTTI configuration for a certain MS. MTTI brings more complexity on resource scheduling algorithm compared with single TTI operation.  
4 FANR in MTTI
Can SSN-based or time-based FANR or both be applicable combined with MTTI? Is there impact on current FANR mechanism if introducing MTTI? 
5 Conclusion
This paper discusses some problems related to EDA operation in MTTI configuration and gives some suggestions to some cases. The bandwidth benefit brought by MTTI should be further evaluated for the MSs multiplexing case. It also shows some concerns on whether FANR (SSN-based or Time-based) can be used in MTTI configuration. 
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