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1 Introduction
The purpose of this document is to initiate the discussion on what is the actual impact of a potential PA back-off allowance in terms of cell throughput or user throughput in EUL. In order to get to a realistic estimate of what this impact could be, a set of modulation and coding schemes (MCSs) to support E-DPDCH transmissions with various data rates and the corresponding signal constellations were analyzed in terms of required PA back-off factors in order to meet a 33 dB ACLR level. Based on measured PA data, the required PA back-off for five different PA models was derived for the considered MCSs. The results obtained for the PA back-off factors were averaged over the different PA models (in linear domain) and then used within system level simulations in order to find out what impact the restriction of PA output power has on the overall cell throughput and the average user throughput.
2 Simulation assumptions
2.1 Considered MCS formats and required PA back-off factors

Tables 1 and 2 define the MCS formats for 2 ms TTI and 10 ms TTI that have been considered in the system level simulations that are described later on. The two tables are taken from 25.896 [2] and were modified in order to reflect the current definitions of the E-DPDCH channel mapping and code allocation in the latest versions of 25.212 [3] and 25.213 [4]. As the original code mapping used for these MCSs is not in line with what is currently specified in 25.212 and 25.213, a spec-compliant code mapping has been used in the new tables. The expected values for the beta_ed,n based on link level results are also included in the two tables. 

Table 1 MCS – 2 ms TTI

	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Code Rate
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	Rate after 4 Tx  (kbps)

	128
	1
	BPSK
	1xC(16,8)
	0.33
	15
	17
	16

	256
	1
	BPSK
	1xC(8,4)
	0.33
	15
	24
	32

	512
	1
	BPSK
	1xC(4,2)
	0.33
	15
	30
	64

	768
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	27
	96

	1024
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	38
	128

	2048
	1
	2xBPSK
	2xC(2,1)
	0.33
	15
	47
	256

	3072
	1
	2xBPSK
	2xC(2,1)
	0.40
	15
	53
	384

	4096
	1
	2xBPSK
	2xC(2,1)
	0.53
	15
	67
	512

	5120
	2
	4xBPSK
	2xC(2,1) , 2xC(4,1)
	0.44
	15
	61,43
	640

	6144
	2
	4xBPSK
	2xC(2,1) , 2xC(4,1)
	0.53
	15
	69,49
	768

	7168
	2
	4xBPSK
	2xC(2,1) , 2xC(4,1)
	0.62
	15
	71,54
	896

	8192
	2
	4xBPSK
	2xC(2,1) , 2xC(4,1)
	0.71
	15
	86,61
	1024


Table 2 MCS  –  10 ms TTI

	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Code Rate
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	Rate after 2 Tx     (kbps)

	320
	1
	1xBPSK
	1xC(32,16)
	0.33
	15
	16
	16

	640
	1
	1xBPSK
	1xC(16,8)
	0.33
	15
	21
	32

	1280
	1
	1xBPSK
	1xC(8,4)
	0.33
	15
	30
	64

	1920
	1
	1xBPSK
	1xC(4,2)
	0.33
	15
	38
	96

	2560
	1
	1xBPSK
	1xC(4,2)
	0.33
	15
	42
	128

	5120
	2
	2xBPSK
	2xC(2,1)
	0.33  
	15
	42
	256

	7680
	2
	2xBPSK
	2xC(2,1)
	0.33
	15
	53
	384

	10240
	3
	2xBPSK
	2xC(2,1)
	0.33
	15
	60
	512

	12800
	3
	2xBPSK
	2x C(2,1)
	0.33 
	15
	67
	640

	15360
	4
	2xBPSK
	2x C(2,1)
	0.40
	15
	75
	768

	17920
	4
	2xBPSK
	2x C(2,1)
	0.47
	15
	84
	896

	20480
	5
	2xBPSK
	2x C(2,1)
	0.53
	15
	95
	1024


Besides the relevant signal configuration parameters in Tables 1 and 2, which are

· Spreading factor and channelization code number for E-DPDCH_1, E-DPDCH_2 and - if present - E-DPDCH_3 & E-DPDCH_4

· Gain factor (beta-factor) for E-DPDCH_1, E-DPDCH_2 and - if present - E-DPDCH_3 & E-DPDCH_4

the following additional assumptions have been made:

· DPDCH is present all the time (except when no DPDCH is allowed)
· beta_d for DPDCH is set to 15/15 relative to beta_c (except when 4 E-DPDCHs are active, then DPDCH must not be present).

· HS-DPCCH is present all the time
· beta_hs for HS-DPCCH is set to 15/15 relative to beta_c.

· beta_ec for E-DPCCH is set to 17/15 relative to beta_c in case of 2 ms TTI. This corresponds to approximately +1 dB offset of E-DPCCH relative to DPCCH.

· beta_ec for E-DPCCH is set to 7/15 relative to beta_c in case of 10 ms TTI. This corresponds to approximately -7 dB offset of E-DPCCH relative to DPCCH.

· E-DPCCH is mapped on the I-branch and uses channelization code C(256,1)

· Either 2xSF4, 2xSF2 or 2xSF2+2xSF4 channelization codes are used for E-DPDCHs

· E-DPDCH_1 (and if present E-DPDCH_3) is mapped on the I-branch

· E-DPDCH_2 (and if present E-DPDCH_3) is mapped on the Q-branch

From a E-DPDCH power allocation point of view, these simulation assumptions represent rather difficult conditions as it was assumed that DPDCH is present which consumes as much power as the DPCCH. Furthermore, it was also assumed that the HS-DPCCH also consumes as much power as the DPCCH. Therefore, the remaining power available for E-DPDCH transmission is rather limited.
PA back-off factors that need to be applied in order to maintain 33dB PA output ACLR for all the considered signal configurations are captured in Tables 3. Table 3 also contains the values of the required PA back-off averaged over all PAs, the cubic metric, and the predicted PA back-off factors based on a mapping factor of 1.41 relative to the cubic metric.

The maximum required PA back-off for the set of considered MCSs and the other assumptions listed above is about 3 dB. This is about 0.7 dB worse compared to the worst case HSDPA configuration.
The resulting average PA back-off factors that are required for each of the considered MCSs are also displayed in Figure 2 versus the corresponding data rate (single transmission).
Table 3 – PA back-off results beta_d=15/15, beta_hs=15/15
	TB size &TTI
	Cubic Metric in dB
	PA_1

Back-Off in dB
	PA_2
Back-Off in dB
	PA_3
Back-Off in dB
	PA_4
Back-Off in dB
	PA_5
Back-Off in dB
	Average 
Back-Off in dB
	Predicted Back-Off in dB

	128 / 2ms
	3.78
	2.61
	2.81
	2.74
	2.56
	2.77
	2.7
	2.68

	256 / 2ms
	4.02
	2.87
	2.98
	2.91
	2.7
	2.99
	2.89
	2.85

	512 / 2ms
	4.03
	2.92
	2.98
	2.92
	2.71
	3.02
	2.91
	2.86

	768 / 2ms
	3.6
	2.69
	2.72
	2.62
	2.47
	2.64
	2.63
	2.55

	1024 / 2ms
	2.84
	2.24
	2.23
	2.16
	2.02
	2.14
	2.16
	2.02

	2048 / 2ms
	2.29
	1.88
	1.87
	1.81
	1.69
	1.76
	1.81
	1.63

	3072 / 2ms
	2
	1.68
	1.67
	1.62
	1.51
	1.56
	1.61
	1.42

	4096 / 2ms
	1.46
	1.27
	1.27
	1.22
	1.15
	1.16
	1.21
	1.03

	5120 / 2ms
	3.4
	2.64
	2.58
	2.48
	2.32
	2.52
	2.51
	2.41

	6144 / 2ms
	3.3
	2.58
	2.5
	2.4
	2.24
	2.45
	2.44
	2.34

	7168 / 2ms
	3.23
	2.55
	2.45
	2.34
	2.18
	2.39
	2.38
	2.29

	8192 / 2ms
	3.18
	2.52
	2.41
	2.31
	2.14
	2.35
	2.35
	2.25

	320 / 10ms
	3.53
	2.41
	2.52
	2.47
	2.29
	2.49
	2.44
	2.5

	640 / 10ms
	3.65
	2.53
	2.6
	2.55
	2.36
	2.58
	2.53
	2.59

	1280 / 10ms
	3.37
	2.47
	2.45
	2.39
	2.2
	2.4
	2.38
	2.39

	1920 / 10ms
	2.98
	2.22
	2.21
	2.15
	1.99
	2.13
	2.14
	2.12

	2560 / 10ms
	2.8
	2.11
	2.11
	2.05
	1.9
	2.02
	2.04
	1.99

	5120 / 10ms
	2.23
	1.81
	1.81
	1.75
	1.63
	1.7
	1.74
	1.58

	7680 / 10ms
	1.65
	1.4
	1.4
	1.35
	1.27
	1.29
	1.34
	1.17

	10240 / 10ms
	1.36
	1.19
	1.19
	1.15
	1.09
	1.09
	1.14
	0.97

	12800 / 10ms
	1.17
	1.05
	1.05
	1.01
	0.96
	0.95
	1
	0.83

	15360 / 10ms
	0.98
	0.88
	0.88
	0.85
	0.81
	0.8
	0.84
	0.69

	17920 / 10ms
	0.82
	0.76
	0.76
	0.72
	0.7
	0.68
	0.72
	0.58

	20480 / 10ms
	0.66
	0.62
	0.61
	0.58
	0.57
	0.55
	0.59
	0.47
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Figure 1 Required PA back-off versus E-DPDCH data rate (single transmission)
2.2 System level simulation assumptions

For the system level simulations, full data buffers and a mix of 2ms+10ms TTI EUL are assumed. It is assumed that non-SHO UEs are assigned 2ms TTI and SHO UEs are assigned 10ms TTI. A total of 10 EUL UEs per cell with a maximum Tx power of 21 dBm have been assumed. Alternatively, also UEs with a maximum Tx power of 18 dBm have been considered in some cases. The scheduling scheme is as follows: 

All users are scheduled using rate scheduling (RS), i.e. the assigned rate to a UE can only go up/down by one level or maintain the same as the previous assigned rate; when the previous transmission rate and the assigned  rate by the scheduling Node B  differ by more than two levels an absolute grant is sent (TRS); when the outer cell loading level became higher than the half of the inner cell loading, the busy bit was set (LC) such that the rate of the SHO users not scheduled by that cellNode B was decreased by one level. The algorithm description is given in [1] under the acronymTRS+RS+LC.
The exact details of the simulation setup are provided in Table 9.4.1.1.1 [2]. No SHO restriction is applied. CellCell-to-cell distance is assumed to be 2.8 km and alternatively 1.5 km
3 Results
3.1 Cell throughput
The aggregate throughput for the whole cell is depicted in Figure 2 as a function of  average Rise over Thermal noise (RoT). The blue curve represents the case of 21 dBm UEs without using any PA back-off. The red curve is valid for the case of allowing an MCS-specific PA back-off as defined in Table 3. For reference also the case of 18 dBm UEs without back-off has been investigated, which is covered by the green curve. It can be seen that the effect of allowing for PA back-off factors is actually slightly increasing the overall cell throughput. However, this increase is negligible. The increase in cell throughput is due to the increase of throughput contributions of high data rate UEs in lower pathloss conditions which benefit from slightly more frequent scheduling because of the reduced scheduling of UEs that need to apply the PA back-off. The same effect can be observed for the 18 dBm case.
[image: image6.emf]2ms/10ms TTI;Full Buffer; 10 UEs;

0

200

400

600

800

1000

1200

1400

3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1 5.3 5.5

Average RoT [dB]

Average Cell Throughput [kbps]

TRS+RS+LC+HSDPCCH TRS+RS+LC+HSDPCCH (18dBm) TRS+RS+LC+HSDPCCH+PA


Figure 2 Cell throughput as a function of Average rise over thermal noise.
3.2 User throughput
The average user throughput as a function of pathloss is depicted in Figure 3. Note, that the definition of pathloss in this context is the pathloss to the cell with lowest attenuation of the link to the UE and is defined as follows:
Path_loss [dB] = (128.1 + 37.6*log10(d) + sf – BS_gain – MS_gain )[dB],

Where d is the distance in km, sf is a Normal-distributed random variable with 8dB standard deviation, BS_gain is the Node B antenna gain of 14 dBi, and MS_gain is the UE antenna gain of 0 dBi. According to this definition, each pathloss sample that was generated in the system level simulation includes a specific realization of the log-normal shadowing factor.
[image: image7.png]Throughput in kbps

Average user throughput versus pathloss (including CDF of pathloss)

100 T T T T T 100%
90
80
70
60
50 50%
40
30
21 dBm - no back-off
20 —— 21 dBm - back-off B
—— 18 dBm - no back-off
—— CDF pathloss
10+ i 7
0 I Il 1 Il Il 0%
100 105 110 115 120 125 130

Pathloss in dB




Figure 3 Average user throughput versus pathloss and CDF of pathloss (2.8 cell-to-cell distance)
From Figure 3, one can find that the difference in user throughput when comparing a 21 dBm UE with PA back-off and one without PA back-off is rather small. Figure 3 also contains the graph of the pathloss CDF, which is indicating what fraction of the user base experiences a certain pathloss or better. Only for rather high pathloss values of about 125 dB, the effect of reduced user throughput becomes visible and is actually still quite small. Note, that over 90% of the UEs experience pathloss levels of less than 125 dB. Even at a pathloss level of 130 dB, which is reached only in about 2% of the cases, the reduction of user throughput is just about 10 kbps from 50 kbps down to 40 kbps.
Since the presented results in Figure 3 are only valid for a 2.8 km cell-to-cell distance, it was also investigated how the behaviour of throughput changes when smaller cell-to-cell distances are used. Therefore an identical set of simulation runs was performed with 1.5 km cell-to-cell distance. The corresponding results are depicted in Figure 4.

In this case of smaller cell-to-cell distance, the effect of PA back-off allowance is not visible any more. The average user throughput stays rather constant throughout the cell.
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Figure 4 Average user throughput versus pathloss and CDF of pathloss (1.5 cell-to-cell distance)
4 Conclusion
The presented results on average cell throughput and average user throughput versus pathloss indicate, that a allowance of PA back-off as a function of the used beta-factors or instantaneous transmit rates in EUL should not degrade system performance. The user experience in terms of reduced data rates at the cell edges should be uncritical as only a small fraction of the users (about 5%) would experience a slight decrease in data rates up to 10 kbps. In case of smaller cell-to-cell distances, the reduction effect completely disappears.
The presented results are just a starting point for the discussions and should further be verified and extended to other cases.
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