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Introduction

In previous discussions in RAN WG1 the question was raised as to whether the presence of low end UE’s with limited data rate capabilities would limit the achievable system throughput in HSDPA. This contribution considers this issue.

Discussion

Here we consider the effect on total throughput of the number of transport channel bits per TTI which can be received by the UE. Under current working assumptions this quantity ranges between 1600 and 27200 bits. In order to achieve the highest throughput, the combination of the number of downlink control channels and the UE capability need to be sufficient. This means that reducing the number of bits a UE can process will require more UE’s to be scheduled per TTI, and therefore more control channels, to achieve the same throughput.

For a given number of control channels it seems reasonable to suppose that the worst case degradation in throughput due to low-end UE’s capability would occur with the largest possible number of channelisation codes allocated to HSDPA. Therefore we consider the case where 15 spreading codes are used.

The following numbers of control channels are considered:-


4
Typical case according to current working assumptions

8
Under current working assumptions this would require splitting UE’s into two groups with 4 control channnels for each group


15
Effectively no limit to number of UE’s which can be scheduled per TTI

The following maximum numbers of transport channel bits per TTI are considered (according to current working assumptions):-


1600
Lowest value 


4000
Next lowest value


27200
Highest value

No limit is set for the number of channelisation codes supported by a UE. 

A Round Robin Scheduler is used.

The entire population of UE’s in the cell is assumed to have the same capability.

Results

The total throughput per cell is shown in Figure 1 for various combinations of control channels and maximum number of transport channel bits. The other simulation assumptions are as detailed in Annex A.
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Figure 1: Throughput vs offered load

Curves identified by CxxByyyy ,where 

xx = number of control channels

yyyy = maximum number of transport channel bits

From the results presented above, it can be seen that when all the UE's in the cell are high end UE’s the total achievable throughput is maintained when the number of control channels is reduced from 15 to 4 (curves C15B27200 and C4B27200). 

For low end UE’s which can only receive 1600 bits per TTI, there is a significant reduction in maximum throughput with only 4 control channels (curve C4B1600).

Most of the loss in throughput can be recovered by increasing the number of control channels (curve C8B1600). In practice, under current working assumptions, this could be achieved by using two groups of 4 control channels, with half the UE’s assigned to each group.

The loss in throughput can also be almost entirely eliminated by a modest increase in the UE capability (curve C4B4000). 

Conclusions

Under worst case assumptions (15 channelisation codes for HSDPA, 4 control channels, cell with UE’s only capable of 1600 bits per TTI), the maximum achievable throughput is significantly reduced.

This lost throughput could be substantially regained by:-


(1) Configuring more control channels


(2) Raising the minimum capability to 4000 transport channel bits per TTI 

However, as long as cells typically contain a mixture of UE’s with a range of capabilities, these measures will probably not be required. 

Therefore a minimum UE capability of 1600 transport channel bits per TTI is probably acceptable. Otherwise a capability 4000 bits would avoid potential throughput limitation, even in a worst case scenario. 

Annex A: Simulation Assumptions

System Details

The following assumptions are used unless otherwise stated:-

· Hexagonal 19-cell layout

· Representative segment of central cell considered for throughput estimate

· Number of UE’s (per cell) = 20

· Static TTI = 3slots (2ms)

· Propagation exponent =3.76

· Single path Rayleigh fast fading model (flat spectrum) 

· Channel conditions stationary during a TTI

· UE speed 3km/hr

· Standard deviation of log-normal shadowing = 8dB

· Shadowing correlation between sites = 0.5

· Thermal noise neglected

· 30% of Node B power allocated to common channels etc in all cells

· 70% of Node B power allocated to HSDPA in all interfering cells

· 70% of Node B power available to HSDPA in wanted cell

· Overheads due to dedicated channels associated with HSDPA not considered

· 15 spreading codes available for HSDPA 

· Spreading factor = 16

· Modulation and Coding Schemes : 

· 1
QPSK ¼ rate 

· 2
QPSK ½ rate 

· 3
QPSK ¾ rate

· 4
16-QAM ½ rate 

· 5
16-QAM 3/4 rate 

· Equal transmission power per code.

· FER: from SIR and block code performance bounds (see  TSGR1#16 (00) 1202, “Throughput of HSDPA”, Philips)

· Perfect channel estimation for decoding at UE

· No loss of orthogonality on downlink 

· Signalling assumed to be error free

· Minimum re-transmission delay = 3 TTI’s (This is the minimum time between a first transmission and a subsequent retransmission. It includes a delay for signalling the ACK/NACK and any scheduling delay)

· Scheduling delay = 1 TTI (Delay between Node B decision on the schedule and start of data transmission)

· Measurement delay =  0 TTI (Consistent with channel quality being determined using downlink power control information) 

· Error in Downlink C/I estimation at Node B

· Contribution due to SIR of pilot bits at UE:


SIR dependent

· Contribution assumed from various implementation losses
0.5dB rms

· Simulation duration 2000 TTI’s

Traffic Model

To represent streaming services we assume that the offered load is comprised of one constant rate data stream per UE. For simplicity we also assume equal bit rates for each data stream. The data for each user is assumed to arrive at a queue in the Node B, and the queue is updated every TTI.

ARQ scheme 

We assume that one CRC is attached per packet.

As a default, Chase combining of re-transmissions is assumed. An erroneous packet is re-transmitted with the same MCS. Perfect maximum ratio combining is assumed, and the final SIR is computed as the sum of the SIR’s of the two packets to be combined.

Scheduling Algorithm

In general we assume that:

· A data packet for any user can be allocated to any chanelisation code.

· More than one channelisation code can be allocated to one user. The code block size is equal to the amount of data that can be sent with one channelisation code, which means that a “packet” may comprise multiple code blocks sent in parallel within one TTI.

· Re-transmissions and first transmissions to the same user are not allowed within the same TTI.

· The modulation, coding scheme and power level for first transmissions are chosen to maximise throughput.

· All re-transmissions are scheduled before first transmissions, thus giving them a higher priority, and no first transmissions are allowed to a UE while any re-transmissions remain to be sent.  

· The modulation and coding scheme of a re-transmission is the same as for the first transmission.

· The available channelisation codes are allocated in sequence, until the total available power is exhausted.
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