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Analysis of DTM with reduced TTI 
1. Introduction

As part of the GERAN evolution discussions regarding latency reduction, the concept of a reduced TTI has been proposed both by Siemens ([1.], [2.]) and also by Ericsson in [3.].  One of the aspects of such an improvement not fully explored so far, is how it could work with existing features including Dual Transfer Mode.  
This paper examines how the RTTI scheme proposed in [1.] can work in the case of DTM.  We consider the case of a 10 ms TTI where a radio block comprising either 4 bursts or 2 bursts is transmitted in 10 ms.  The focus of the paper is on having a PS timeslot allocation of 2 timeslots in the uplink and 2 in downlink.  Thus DTM configurations of 3+3 are examined.  
2. Assumptions
The assumptions for this analysis are based on existing release-6 behaviour for multislot classes, DTM behaviour and USF scheduling.  In order to transmit an RTTI radio block (consisting of 4 normal bursts) in 10 ms we assume the need for configurations with two PS timeslots in the uplink and two in the downlink.  
The specific assumptions are: 
· Legacy DTM assumptions of 1 timeslot for CS.  
· Contiguous timeslots for CS + PS resources.  
· TS7 and TS0 cannot both be used in receive or transmit as frequency hopping is assumed.  
· One timeslot is needed for Tx->Rx (including measurements) and Rx->Tx transitions in the TDMA frame.  
3. DTM Multislot classes
Given the assumptions in section 2, the possible DTM configurations with two PS timeslots in the uplink and two in the downlink are examined.  For a 3+3 assignment, there are only two configuration types that will meet the assumptions given in section 2.  The first one is shown in Figure 1, where the downlink CS timeslot is located between the two PS timeslots; the second is shown in Figure 2, where in the downlink the two PS timeslots are contiguous and the CS timeslot is located at the end.  
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Figure 1
DTM plus RTTI Configuration (CS on TS1)
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Figure 2
DTM plus RTTI Configuration (CS on TS2)

The configuration shown in Figure 1 could also be ‘shifted’ along the TDMA frame; in order to satisfy the frequency hopping assumption, the CS timeslot can only be located on TS1 to TS5. Similarly, the configuration shown in Figure 2 could also be ‘shifted’ along the TDMA frame, and in order to satisfy the frequency hopping assumption the CS timeslot can only be located on TS2 to TS6.  In all cases we can see that the CS timeslot can never be located either on TS0 or TS7.  

4. RTTI USF handling in DTM
Given that there are a number of DTM (3+3) configurations that are possible under the assumptions of section 2, it is now important to consider how the RTTI USF scheduling can work.  
We only consider the most complex case where 20 ms scheduling boundaries are maintained where legacy USFs and RTTI USFs give permission for the mobile to transmit uplink blocks in the next 20 ms time period in the uplink.  
The following assumptions about the scheduling mechanism have been made:

· A legacy USF and two RTTI USFs are encoded in a single timeslot over four bursts (TDMA frames) of a downlink RTTI PDCH.  
· RTTI USFs can only be encoded in RTTI data blocks.  

· The two RTTI USFs (referred to as RTTI USF_A and USF_B) refer to permission to transmit in the first 2 bursts in the next 20 ms period (RTTI USF_A) and the last 2 bursts in the next 20 ms period (RTTI USF_B)
As shown in the figures above, in DTM RTTI configurations it is not always possible for the MS to read (RTTI) USFs in downlink timeslots corresponding to all uplink timeslots  (for instance in Figure 1, the MS cannot read the USF in downlink TS3).  In this case some modification of a Dynamic Allocation (DA) scheme for RTTI blocks is required in order to schedule a 4-burst RTTI block in the uplink.  A form of timeslot mapping can be applied to the Dynamic Allocation procedure such that the RTTI USFs received in the lowest numbered downlink timeslot relate to permission to send in the lowest numbered uplink timeslot. This also applies for the next lowest numbered timeslots allocated in uplink and downlink. 
We therefore propose that the following RTTI USF scheduling rules could be applied:
· If an RTTI MS receives a RTTI USF_A on the lowest numbered downlink timeslot, it is given permission to send RTTI blocks on the first 2 TDMA frames of the corresponding 20 ms period on the lowest numbered uplink timeslot.  

· If an RTTI MS receives a RTTI USF_B on the lowest numbered downlink timeslot, it is given permission to send RTTI blocks on the last 2 TDMA frames of the corresponding 20 ms period on the lowest numbered uplink timeslot.  
· If the MS is allowed to send on two subsequently allocated (but not necessarily adjacent) timeslots in the same 2 TDMA frames it may choose to send a 4-burst RTTI block or two 2-burst RTTI blocks.  
In the case of a 3+3 mobile, if a valid USF_A is decoded in the lowest numbered downlink timeslot, it would be possible for the mobile to send a 2-burst RTTI in the first two TDMA frames of the corresponding 20 ms period in the lowest numbered uplink timeslot.  If a valid USF_A is also decoded in the next lowest numbered downlink timeslot, the MS may send a 4 burst RTTI block or two 2 burst RTTI blocks in the first two TDMA frames of the corresponding 20 ms period on the two lowest numbered uplink timeslots. 
Figure 3 shows a 3+3 configuration for a mobile with an assignment as described in Figure 2.  It has received a valid RTTI USF_A in timeslot 0 under the proposed RTTI USF scheduling rules outlined above and can therefore send a 2-burst RTTI blocks in uplink timeslot 1.  If the same mobile receives a valid USF_A in downlink timeslot 1, that it can also send a 2-burst RTTI block on timeslot 3. The scheme also makes it possible to multiplex a 2-burst block from another mobile onto timeslot 3 if required.  Note that the diagram shows the TX line underneath the RX, but in reality it should be shifted 20 ms to the right.  
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Figure 3
MS sends two separate 2-burst RTTI blocks scheduled by RTTI USF_A

Figure 4 shows a mobile with the same 3+3 configuration that receives a valid RTTI USF_B in downlink timeslots 0 and 1.  In this instance, using the proposed RTTI USF scheduling rules, the mobile chooses to send a 4-burst RTTI block in the last two TDMA frames of the corresponding 20 ms period on uplink timeslots 1 and 3.   
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Figure 4
MS sends one 4-burst RTTI blocks scheduled by RTTI USF_B

Such a scheme allows the full flexibility already outlined in [1.] (where up to four mobiles, each sending a 2-burst RTTI block, can be multiplexed in the uplink in any given 20 ms period)  also in case of DTM.
It should be noticed that in case the introduction of the two additional RTTI USFs is considered to be too complex or costly, the USF scheduling for RTTI TBFs (when multiplexing with legacy mobiles needs to be considered) can still work by utilising the scheme proposed in [3.].  In this case the legacy USF on TS0 can be used to give permission for the MS to send on TS 1 and 3 in the first 2 TDMA frames of the 20 ms period.  Similarly, the legacy USF on TS1 can give permission for the mobile to send in the last two TDMA frames of the 20 ms period on TS 1 and 3.  
Using the legacy USFs in this way enables 10 ms 4-burst RTTI blocks to be multiplexed from different mobiles in the uplink but does not allow 2-burst RTTI blocks to be multiplexed from different mobiles in the same 10 ms period.  
5. Conclusion

This paper has analysed how the proposed 10 ms RTTI concept can work in the case of DTM.  It has showed that:

· There are many possible legacy 3+3 configurations that would enable 10 ms RTTI to be applied to the case of DTM. 
· A modified form of Dynamic Allocation for RTTI is required using a mapping function between downlink and uplink timeslots. 

· A simple “RTTI USF” scheduling scheme based on mapping uplink and downlink timeslots has been proposed based on concept of RTTI USFs for each of the two corresponding 10 ms periods within a 20 ms period.  

· The “RTTI USF” scheduling scheme has been shown to enable multiplexing of 4 and 2-burst RTTI blocks from different RTTI capable mobiles, also in case of DTM.  
· Even if the use of RTTI USFs is not supported, it is still possible to use legacy USFs (as proposed in [3.]) to enable multiplexing of 10 ms 4-burst RTTI blocks in the uplink with DTM.  
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