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1. Introduction

The possibility to define 16QAM as a UE capability was discussed in WG1 #26 meeting in reference [1]. Some simulation results were available showing HSDPA system performance with and without 16QAM [2]. 

This paper continues the discussion, and contains also some system simulation results for HSDPA with and without 16QAM.
2. Simulation results With and Without 16QAM

In [1], the HSDPA performance was studied with 75 and 100 users per sector, and with 70% allocation of power for HSDPA. It was clarified in [1] that 75 users resulted around 25 active users , and 100 users resulted in somewhat above 40 active users, with max C/I scheduler . The number of active users define how many associated DCHs are required. Thus non-active users are assumed to be in e.g. cell-FACH state.

In this paper we present simulation results also with 70% allocation of power for HSDPA, to compare the results with [1]. The target was to have about the same number of active users , so since the packet model was found to be slightly different, packet sizes being larger than in [1], the number of users had to be smaller than in [1]. 55 users resulted in around 25 active users with max C/I scheduler . 

In addition, further simulations were made with 30 users per sector, and with 25%, 50% and 70% allocation of power for HSDPA. The cases with <70% power allocation model the cases where certain percentage of the cell power is allocated to DCH users. The idea in the cases where power allocation to HSDPA was reduced was to allow more power limited case for the HSDPA, and study at what point of power allocation the gain from 16QAM starts to drop. However, as it seems that there was not much gain even in the case of 70% power allocation, the other cases are not so relevant. However , they are shown also here, to allow the reader to see the trend of results with different schedulers, e.g. showing that the active number of users differ a lot between different schedulers in different cases. The most relevant case for 16QAM is shaded in the results. 

For 70% power allocation, the maximum number of codes available was 15, for the other cases 10. Code multiplexing of maximum 4 users was allowed. 

The channel model was Pedestrian A, 3km/h. This channel model provides most optimistic results for cell throughput point of view in system level, and hence is clearly bring up the performance gain when using 16QAM. The schedulers were round robin and max C/I. Following modulation and encoding rates were used: QPSK ½, QPSK ¾, 16QAM ½, 16QAM ¾ . The other parameters can be found from the annex of this document.

The simulation results for the user throughput and cell throughput are given in the tables below.

Table 1. 16QAM selection probability,

Scheduler 
16QAM selection probability


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR, 
7
6
4
4

Max C/I
8
8
5
10

Table 2. Number of active users per cell

Scheduler 
Number of active users per cell


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR, 
7
12
16
52

RR, no 16QAM
7
12
15
53

Max C/I
5
8
12
24

Max C/I, no 16QAM
6
9
13
25

Table 3. Average packet call user throughput.

Scheduler 
Average user throughput (kbit/s)


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR
673.6
437.3
307.3
115.9

RR, no 16QAM
616.4
401.1
253.6
87.4

Max C/I
749.5
587.4
493.9
562.9

Max C/I, no 16QAM
693.0
516.2
436.0
508.6

Table 4. Cell throughput values 

Scheduler 
Cell throughput

                                         (kbit/s /cell/MHz)


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR
286.8
262.8
224.7
350.0

RR, no 16QAM
289.2
261.4
219.1
329.0

Max C/I
292.5
280.4
259.1
490.0

Max C/I, no 16QAM
288.3
274.2
251.5
487.0

Table 5. Increase in average packet call user throughput and cell throughput.

Scheduler 
% difference, with 16QAM compared to without 16QAM 


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR, av. user throughput
9.27
9.01
21.19
32.6

Max C/I, av. user throughput
8.15
13.78
13.28
10.7

RR, cell throughput
-0.87
0.46
0.96
6.4

Max C/I, cell throughput
1.46
1.69
1.60
0.6

Table 6. Packet call user throughput distributions: <16/32/64/128/384/1M/1.5M for the served calls.
Scheduler 
Packet call user throughput distributions 


70% power

30 users

<16/32/64/128/384/1M/1.5M
50 % power 

30 users

<16/32/64/128/384/1M/1.5M
25 % power

30 users

<16/32/64/128/384/1M/1.5M
70% power 

55 users

<16/32/ 64/128/384/1M/1.5M

RR
0 /1 /4 /10 /38 /76 /92
0 /2 /8 /23 /59 /90 /97
1 /3 /15 /36/74/95/99
6  /22/ 46 /71/96/100/100

RR, no 16QAM
1 /1 /4 /11 /40 /80 /95
1 /2 /8 /23 /60 /93 /99
2 /3 /16 /40/79/98/100
19/25/ 51 /79/99/100/100

Max C/I
1 /1 /3 /9 /32 /72 /89
1 /2 /4 /14 /45 /82 /94
1 /2 / 8 /21/54/86/96
3  /4  / 10 /21/49/  82/  94

Max C/I, no 16QAM
1 /1 /3 /9 /35 /75 /92
1 /2 /6 /16 /47 /86 /97
1 /2 / 9 /24/58/90/98
4  /5  / 11 /23/52  /85/  96

3. analysis oF the RESULTS

It can be seen that even with optimal propagation conditions (i.e. receiver implementations do not influence the 16QAM selection) the gain in the cell throughput due to 16QAM is in the range of 1-2 %. The same kind of result was seen in [1] where the gain was between 1 and 4%. With round robin , there was 6 % gain , but it seems that 55 users was too large number of users for round robin scheduler. This can be seen from the fact that the active number of users was then above 50, which is quite a large number to reserve associated DCHs. Also it can be seen that the average packet call user throughput is relatively small for round robin in that case.

In the average user throughput the results show 10-13 % gain with max C/I scheduler. In [1] the gain in user throughput with max C/I were quite similar. What might raise some questions is that why there is bigger gain with round robin scheduler in the user throughput, around 20 % than with max C/I. The reason for this is probably that in each case the active number of users for round robin is relatively larger than with max C/I, since it takes longer time to complete a packet call with round robin. The gain from 16QAM in the packet call user throughput is on the other hand relatively larger with larger load. It should be remembered that packet call user throughput includes the scheduling delays for the user.

The other thing that might raise some questions is that why there is not the same gain in percentage in the packet call user throughput and cell throughput. This is due to the definitions of these quantities, a bit similar issue as discussed above. Packet call user throughput includes scheduling delays, but not reading times between packet calls.  The traffic model is explained in the annex, the reading time was 5 seconds. Cell throughput is calculated over the whole time period of the simulation, so it depends on the traffic model of the users and the number of active users in the cell, how well the user throughput and cell throughput values correlate with each other. 

Table 7 and table 8 show what is the gain in the average user throughput, when looking separately users who get in average < 500 kbit/s, and separately users who get in average > 500kbit/s. It can be seen that the increase % is closer to each other with different schedulers when not all UEs in the cell are looked at the same time. In other words, only few users had been biasing the average user throughput of a cell considerably.

Table 7. Increase in user throughput for < 500kbit/s user throughputs.

Sceduler 
% difference, with 16QAM compared to without 16QAM 


70% power

30 users
50 % power 

30 users
25 % power

30 users


70% power 

55 users



RR, user throughput
3.55
-1.14
1.24
23.09

Max C/I, user throughput
0.07
1.34
2.60
1.45

Table 8. Increase in user throughput for > 500kbit/s user throughputs.

Sceduler
% difference, with 16QAM compared to without 16QAM 


70% power

30 users
50 % power 

30 users
25 % power

30 users
70% power 

55 users

RR, user throughput
9.03
8.88
13.94
9.37

Max C/I, user throughput
5.37
11.35
8.36
5.75

4. Conclusions

In this contribution we have discussed the results of system simulations stydying the impact of cell troughput and user average troughput. Based on the results presented in this paper, and in [1], it can be concluded that there is not a significant gain seen in cell throughput when using 16QAM. Hence the projected incremental gain of 0-2 % in cell throughput in system level of using 16QAM does not justify it to be mandatory for all UE classes. 

As is widely known the schedulers real implementation in networks will further diminish the difference between 16QAM and non-16QAM systems. It should be also noted that these results are done with optimal propagation conditions, i.e. receiver implementations do not influence the 16QAM selection.

In addition it can be concluded that there is not any significant performance loss introduced to HSDPA deployment if 16QAM is defined to be a UE capability. 

With QPSK, it is already possible to serve the UE with up to around 5 Mbit/s. Thus 16QAM is really needed only for allowing higher bit rates than 5 Mbit/s for the end user. 

Thus it is proposed to define 16QAM as a UE capability. There are separate contributions available for proposing modifications to present HSDSCH UE categories, and CQI tables in [3] and [4].
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ANNEX A

System Simulation Assumptions

Basic system level parameters:

The basic system level simulation parameters are listed in Table A1 below.

Table A1. Basic system level simulation assumptions.

 Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal cell grid


Cell radius
933 m
Corresponds to the site to site distance of 2 800.

UE speed
3 kmph
This is a constant speed.

Antenna pattern
Horizontal pattern used.
ETR0402 antenna model used.

CPICH and common channels power
36 dBm


Std. Deviation of slow fading
8 dB


Correlation between sectors
1.0


Correlation between sites
0.5


Correlation distance of slow fading
50 m


Carrier frequency
2000 MHz


Minimum coupling loss
70 dB


BS antenna gain
14 dB


UE antenna gain
0 dB


H-ARQ scheme
Chase combining scheme.


BS total Tx power
43 dBm


Active set size
3


Window_add
1 dB


Window_drop
3 dB


MCS update rate 
once per TTI


AMC update delay
0 TTIs


AMC measurement error standard deviation 
1 dB


Number of terminals
540 or 1350 per whole simulation are
Approximately 30 per sector or appr. 75 per sector, not all necessarily active all the time.

The used modulation and coding schemes
QPSK R=½, QPSK R=¾, 16QAM R=½, 16QAM R=¾ , in the cases without 16 QAM: QPSK R=½ and QPSK R=¾


Packet scheduler
Round Robin or Max C/I scheduler


Traffic parameters:

Packet size is Pareto distributed, in [1]  packet call size is Pareto distributed.

k and ( are Pareto parameters, 
Packet traffic model parameter:
Value

Mean number of packet calls in a downlink packet session 
5

Mean reading time in a downlink call 
5 sec

Mean number of packets in a downlink call
25

Packet size k in downlink call
183.4

Packet size ( in downlink call
1.1

Packet size cutoff in downlink call, m
66 666

Average interarrival time between packets
0.004 sec

