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1
Introduction

During the Enhanced Uplink DCH Study Item discussions RAN1 has seen a number of documents with system simulation results using both 10 ms and 2 ms TTI. Some of those results were captured in the SI TR [9] and many others have been introduced, e.g. tdocs [1,2,3,4] from Qualcomm. During the RAN1 discussions we have expressed our concerns related to the possible introduction of a shorter TTI and have now collected them to this document in order to share them with RAN2 as well.

2
Discussion 

2.1
On HARQ operating point and TTI

Simulations in [1,2,3,4] and many of the simulation results agreed to the SI TR [9] as well as in several other documents have used as a simulation assumption that:

· With 2 ms TTI the residual BLER after 4 HARQ transmissions is 1% and for those 1% of failed TTIs an RLC level retransmission is used.

· With 10 ms TTI the residual BLER after 2 HARQ transmissions is 1% and for those 1% of failed TTIs an RLC level retransmission is used

This results in average with around 3 transmissions per packet for 2 ms TTI and 1.2 transmissions per packet for 10 ms TTI.

Delay behaviour: With the above assumptions, the we end up with roughly the same maximum L1 delay for both TTI lengths but longer average delay for 2 ms TTI than for 10 ms TTI (around 26 ms and 13 ms respectively) [6].

Data rate capacity and capability of 2 ms TTI: With the above assumptions, in order to obtain 384 kbps user throughput with 2 ms TTI the UE and the network would have to be capable for around 1.2 Mbps operation and the Node B would have to allocate roughly three times more processing resources that it would need to do for the same user throughput with R'99 system. Similarly, with 2 ms TTI, if the user throughput were e.g. 1 Mbps, the UE and the Network would need to be capable of and allocate resources to handle roughly 3 Mbps. This is again resulting from the assumed high number of transmission attempts per packet when using 2 ms TTI.

Data rate capacity and capability of 10 ms TTI: Further with the same assumptions as used in e.g. [1,2,3,4] for 10 ms TTI, the required UE and network capabilities and allocated network resources would be roughly 1.2 times higher than the experienced user throughput

In other words, with the used simulation assumptions, with 2 ms TTI the user would get at maximum of only ~33% of the throughput than the allocated capacity and the required capability, as with 10 ms TTI the user throughput would be around 83% of the required capacity and capability.

Naturally, and as we among others have expressed during the RAN1 meetings, this is not the only way of operating a 2 ms TTI system nor comparing it to 10 ms TTI system, but this is the way used and claimed useful in a large number of simulation papers as well as in many of the simulation results included in the SI TR [9].

2.2
On layer 2 overhead

Unless the specifications are changed from R'5, the RLC PDU size is the same for all the TFCs in a TFCS, and this RLC PDU must fit to one TTI in the lowest data rate TFC. The RLC PDU header size [5] is 16 bits and the CRC size is also 16 bits. Allowing 10% overhead from the RLC PDU header results with a minimum air interface data rates of 32 kbps and 160 kbps for 10 ms and 2 ms TTI respectively. Thus with 2 ms TTI design there is a trade off between the minimum possible data rate to the L2 overhead to be considered. 

It is worth noting that the simulation results with 2 ms TTI in the SI TR [9] do not take into account this overhead which would be (with the used assumptions) over two fold for 2 ms TTI. 

Finally we would like to point out that simply by introducing e.g. 160 kbps as a minimum air interface data rate the layer 2 overhead for 2 ms TTI could be reduced to 10%, i.e. the same as for 32 kbps minimum data rate for 10 ms TTI. However having this relatively high data rate as a minimum data rate could have impact in the uplink coverage.

2.3
Impact of the TTI length in the air interface

It can be assumed that at least the HARQ related signalling has to be done in one TTI. It is probably quite safe to assume the same also for the scheduling related signalling as well. Intuitively it is clear that if the signalling period is reduced to one fifth, maintaining the same reliability for the signalling requires five times more transmission power. Thus the amount of signalling overhead both in the uplink and in the downlink is increased five-fold. This may be further increased due to the loss of interleaving gain seen with a longer TTI.

Higher required transmission power for the signalling implies shorter range in the uplink and higher capacity penalty and interference increase in the downlink [7].

Finally, some uplink coverage loss (around 1 dB with medium speeds [8]) would be experienced with 2 ms TTI due to lost interleaving gain compared to 10 ms TTI with the same assumptions.

3
Conclusions

This contribution briefly discussed our concerns on the possible introduction of 2 ms TTI in general

In chapter 2.1 we point out that the HARQ operating point used in a number of link and system simulation documents by the proponents of the 2 ms TTI show only one part of the big picture and the drawbacks of such approach were not addressed. 

In chapter 2.2 we point out the impact of L2 overhead when introducing a shorter TTI.

In chapter 2.3 we have addressed the impact of 2 ms TTI to the air interface and in particular the impact to the need for increased signalling power due to shorter TTI.

In conclusion, we see that before agreeing in introducing a new TTI length, the gains should be clear, drawbacks addressed and the results evaluated against the complexity increase a new TTI length would introduce to the system.
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