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1. Introduction

This contribution proposes example E-UTRA Test Models (E-TM) to facilitate further studies within RAN4 regarding the impact of the MCS distributions within E-TMs on the resulting BS PAPR. 
As discussed in [2] under “Method 2”, one possible way of specifying E-UTRA BS EVM is to define a set of unequal MCS-specific EVM requirements resulting in equal Tput loss across the MCS envelope. Such an approach could facilitate more advanced clipping approaches such as “Tone Reservation” (TR) (see 25.814, Sect. 9.2.1.4.1) which may be able to utilise also the subcarriers from RBs with larger EVM leading to perhaps lower PAPR when compared to uniform clipping according to the smallest EVM requirement.
However, then the distribution of RBs vs. MCS to be defined in the corresponding E-UTRA TM should follow the MCS distribution of realistic deployment scenarios as discussed in [2]. If most or all RBs in a E-TM contain 64QAM MCSs (“peak data rate requirement”), PAPR reduction may not be sufficient and some other mitigation may be required, i.e. power reduction [3,5] with potential coverage implications or special L1 support from “reserved tones” [5] and/or a larger EVM [2,4] resulting in some loss of spectrum efficiency. This is to say, we should be able to separate unlikely worst-case events from the cases frequently occurring in actual E-UTRA system deployment.
Hence we believe it is important that RAN4 develops an understanding of the PAPR as a function of the MCS “mix” in RB allocations and in particular, how the PAPR resulting from “typical” MCS allocations of realistic deployment scenarios differs from a worst case PAPR in a peak data rate requirement. Without this understanding, it will be difficult to do further work in quantifying the system impacts (coverage, capacity) for any of the above mentioned mitigation methods (in case these are considered necessary). Therefore this contribution derives some example E-UTRA Test Models (E-TM) to facilitate further studies in this area in RAN4. Naturally, many of the concrete details proposed here are for further discussion; the focus is really more on identifying a proper methodology to derive appropriate E-TMs.
Further information related to EVM requirements is provided in contributions [1,2,3,4].
2. Rationale for the proposed example E-UTRA Test Models (E-TM) 
EVM Requirements for the example MCS envelope
Fig. 1 presents the MCS Tput curves and approximating MCS envelope (from [2]) and Fig. 2 the required EVM for 5% Tput loss according to the analytical derivation (“Method 2”) in [2]. From these plots we are able to map an EVM requirement to each of the MCS.
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Fig. 1. Used MCS Tput curves and approximating MCS envelope (from [2])
[image: image2.emf]Required EVM for 5 % Tput loss

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

-5-3-1 1 3 5 7 911131517

instantaneous C/I

Required EVM %


Fig. 2. Required EVM for 5% Tput loss (from [2])
In order to simplify PAPR related studies we wish restrict the above MCS envelope to a few MCS representatives. There are shown in Table 1, together with the required EVM (from Fig. 2) and the C/I range where they could be selected (from Fig.1). Only these example MCS will be allocated to RBs within the E-TMs defined in the following.
	Example MCS
	Required EVM across a RB modulated with this MCS 
	Applicable C/I range

	“QPSK ¾”
	19.2 % (-14.3 dBc)
	C/I < 4 dB

	“16QAM ¾”
	11.9 % (-18.5 dBc)
	4 dB < C/I < 10 dB

	“64QAM ¾”
	8.5 % (-21.4 dBc)
	10 dB < C/I < 14 dB

	“64QAM 8/9”
	6.5 % (-23.7 dBc)
	14 dB < C/I < 17.3 dB


Table. 1. Required EVM for 5% Tput loss for the example MCS allocations
The EVM could be defined as in [1], but with the following simplifications for simulation purposes:
· For each ODFM symbol, calculate the RMS error across all RBs of the same allocated MCS (i.e. not on per-RB basis). This provides some averaging of the error vector in the frequency domain.
· Calculate the mean (i.e. average) OFDM-symbol EVM across the whole simulation run (not just per-subframe) 
Definition of the OFDM TM (E-TM) reflecting realistic MCS distributions: 
Next we should identify the appropriate mix of the above example MCS. As discussed in [2,3], one could think of defining the EVM related E-TMs BS-class specific, i.e. the in accordance to the instantaneous C/I (MCS) distributions seen by a particular BS class. So, an E-TM defined for the WA BS would contain relatively few high-Tput MCS, whereas an E-TM defined for the LA BS could contain a lot of high-Tput MCS.

Fig. 6 shows average G distributions obtained from a frequency re-use 1 macro cell scenario in TR 25.814 as well as from a Manhattan micro-cell scenario as defined in TR25.816 Scenario 5 (see also [2]). For macro cells, the statistically low average C/I values will result in small probabilities for the selection of the 64QAM MCSs,
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Fig. 3. Macro and Micro cell average G (C/I) distributions 

Table. 2. provides the selection probabilities of the example MCS according to the CDF in Fig. 3. for the macro and the micro-indoor environment. Ultimately, these selection probabilities will depend not only on user location but also on a number of system parameters (PS fairness criteria, FDPS, MP fading channels, etc) and this is an area for further studies in RAN4 as pointed out in [2]. 
	Example MCS
	Applicable C/I range
	Probability of selection for macro environment
	Probability of selection for micro indoor environment

	“QPSK ¾”
	C/I < 4 dB
	0.6
	0.28

	“16QAM ¾”
	4 dB < C/I < 10 dB
	0.23
	0.22

	“64QAM ¾”
	10 dB < C/I < 14 dB
	0.13
	0.12

	“64QAM 8/9”
	14 dB < C/I < 17.3 dB
	0.04
	0.38


Table. 2. Selection probabilities of the example MCS according to the CDF in Fig. 3
Table. 3. proposes then tentative E-TMs with their corresponding MCS mix based on the MCS selection probabilities of Table 2 for the 5 MHz E-UTRA option. E-TM1b was created by simply allocating more RBs towards the higher Tput direction, without any further rational. E-TM3 (peak data rate test) was also added to serve as a worst-case scenario. Naturally more such E-TMs could be defined for PAPR related studies.
	E-TM
 12 RBs total
	“QPSK ¾” RBs
	“16QAM ¾” RBs
	“64QAM ¾” RBs
	“64QAM 8/9” RBs

	E-TM1a (average macro environment)
	7
	3
	2
	0

	E-TM1b (“aggressive” macro environment)
	3
	6
	2
	1

	E-TM2 (average micro indoor environment)
	3
	3
	1
	5

	E-TM3 (peak data rate)
	0
	0
	0
	12


Table. 3. Proposed E-TMs with their corresponding MCS mix based on the MCS selection probabilities of Table 2.
Finally, in order to get comparable results, we need to define the actual RB vs. MCS locations, as the performance of e.g. TR clippers may depend on this. This is proposed in Table 4. No power offsets should be used on the RBs.
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Table. 4. Proposed E-TMs with their corresponding MCS allocation
Clipper assumptions

The composite EVM in Table 1 needs to be split between clipper and other impairments. Assuming for simulation purposes 3.5 % for other impairments, we obtain the following clipper budget:
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Table. 5. Clipper EVM budget for the example MCS
Additional clipper assumptions are proposed as follows:

· Ideal simulations without implementation margins

· Floating point implementation

· CCDF calculated at 4x sampling rate or higher (in order to resolve the peaks sufficiently)

· Spectrum shaping included (?)
Impact of MCS distributions in E-UTRA Test Models on the BS PAPR 
The results for the impact of MCS distributions in E-UTRA Test Models on the BS PAPR could then be provided in this format of Table 6. 
If some mitigation method was used for the PAPR scheme (e.g. extra tones for TR, higher EVM values as specified in Table 1, power reduction, etc.), then this should be stated, together with an assessment of the related system impact (coverage, capacity).
	Example E-TM
	PAPR @ 10e-4

	E-TM1a
	

	E-TM1b
	

	E-TM2
	

	E-TM3
	


Table. 6. Results for the Impact of MCS distributions in E-UTRA Test Models on the BS PAPR
3. Conclusions

This contribution proposes example E-UTRA Test Models (E-TM) to facilitate further studies in RAN4 regarding the impact of the MCS distributions within E-TMs on the BS PAPR. 
We suggest RAN4 to discuss the concrete details of this proposal with the aim to have a set of defined E-TMs facilitating comparable PAPR results between companies contributing in this area.
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