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1 Introduction

This paper analyses the data rate granularity achievable with a fixed length TTI for HSDPA. The paper showns that very large number of "momentary" data rates (or packet sizes) are available to be chosen to be part of the Transport Format Combination Set (TFCS) of the HS-DSCH. For practical operation obviously a smaller subset has to be chosen for each UE (as in Rel'99) to minimise the overhead in the signalling and to have good signalling realiability.

2 Data rate granularity with code, coding & modulation domain flexibility

This paper takes as basis the spreading factor 16. All the bits are available for data as in the case of rel'99 DSCH (i.e. no Layer 1 signalling on the DSCH). All the pilot, TPC, TFCI, etc. symbols are assumed to be carried on the assosicated DPCH, as in Rel'99. Varying the parameters is rather easy, e.g. spreading factor 32 would result into an identical table, except for one code case, if the values of 2, 5 and 10 would be replaced with 4, 10 & 20, respectively.

Data rate granularity with code, coding & modulation domain flexibility.

SF = 16, for example 5 slots TTI (values in table 1 are not dependent as such on the TTI size actually), "continuos transmission data rate" ,e.g., N-channel ARQ which allows continuous transmission in the downlink for a single UE.

Table 1. Momentary data rates with fixed TTI and dynamic code/coding/modulation adaptation


1 code
2 codes
5 codes 
10 codes

QPSK ¼
120 kbps
240 kbps
600 kbps
1.2 Mbps

QPSK ½
240 kbps
480 kbps
1.2 Mbps
2.4 Mbps

QPSK ¾
360 kbps
720 kbps
1.8 Mbps
3.6 Mbps

16 QAM ¾
720 kbps
1.44 Mbps
3.6 Mbps
7.2 Mbps

64 QAM ¾
1.08 Mbps
2.16 Mbps
5.8 Mbps
10. 8Mbps

Data rates below 120 kbps can be achieved without extra complexity by having only every nth TTI active, with QPSK ¼ coding for example. If looking the packet size, then single code with QPSK gives 400 bits/240 bits as smallest packet size with 5 or 3 slots TTI respectively. If other rates are to be done with the same packet size to avoid RLC segmentation, then also going to very small size packets with resulting L1 and L2/L3 overhead is not very efficient and should be avoided. 

Table 2. Momentary data rates with fixed TTI and using the such a principle that not every parallel ARQ channel is used by that particular UE, which can be implemented in the scheduling at Node B without adding any UE complexity to achieve smaller data rates with only every Nth TTI/SAW ARQ channel active.


All TTIs active
Every second TTI active
Every 3rd TTI active 
Every 4th TTI active

QPSK ¼, 1 code
120 kbps
60 kbps
40 kbps
30 kbps

This shows an example where a single TTI duration allows to choose the parameters such that very large data rate selection is available when configuring the connection. Also rates such as 90 kbps can be achieved without extra complexity by using 3 TTIs out of 4 consequtive ones. (or in practise using for one UE 3 out of 4 SAW ARQ processes). Having dynamically varying TTI length will not give further flexibility when the flexibility is existing in code domain, modulation domain & coding domain already.

The respective example could be calculated with 3 slots TTI as well, the table 1 is valid as such when the tail bits and CRC are included in the data rate as done currently. Table 2 is valid as such if 4 channel ARQ would be feasible with 3 slot TTI from the procesing pont of view. With, e.g., 5 channel ARQ, the numbers vary slightly.

The reduced data rate with having less that N SAW ARQ channels active does not increase the delay for the service either, which is worth noting from the higger layer point of view. 30 kbps with one channels thus has the same average delay that 120 kbps with 4 paraller channels. The actuall scheduling at Node B between multiple users impacts then the overal delay situation obviously on top of that. 

3 Conclusions

From the data rate granularity point of view, there are no extra merits achievable from the use of dynamic TTI. The use of fixed TTI gives together with the flexibility in code, modulation and channel coding domain sufficient large "space" from were to choose the momentary data rates to be supported on a given connection. It is to be noted that a limited set should be chosen for each UE to reduce the signalling overhead taking into account the service characteristics and environment conditions as well as the potential limitations set by the UE capability. Thus it is recommended that for the work shop it is concluded as follows: 

From the service point of view, from physical layer to higher layers, there is no need for variable length TTI in HSDPA. Only if it is found in WG1 during the HSDPA work that there is a significant gain achievable (from the performance point of view) with acceptable complexity, then the discussion on variable length TTI could be resumed between WG1 and WG2. In the mean time the work should proceed with the working assumption that the TTI length is fixed and not a dynamic parameter for a connection. From the WG2 point of view, it should be understood as well that for the HS-DSCH MAC in the Node B, the dynamically varying TTI complicates the scheduling of different UEs. 

