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1 Introduction

The work item “Small cell enhancements-physical layer aspects-core part” was approved in RP#62 [1]. One of the objectives of the work item is “spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication” 
During the study item phase RAN4 investigated spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell. One potential enhancement for improved spectral efficiency is Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

RAN4 concluded that [2] 

· Transmitter EVM for 256QAM can be modelled as an AWGN component. 

· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

Also in a question to RAN plenary [4] RAN4 asked for a clarification on BS classes and maximum BS power that should be included for the support of 256QAM. In [5] RAN plenary made the following clarification:
· The current scope of Small Cell Enhancements WI does not exclude Medium Range BS from small cell scenario. The study in RAN1 [1] covers the BS output power larger than 24dBm up to 30dBm. 
· The requirements studies and work for 256QAM for medium range BS will start once the requirements for Local Area BS and Home BS have been finalized.
In this contribution we consider how the requirements should be set for inclusion of 256QAM in specifications.
2 Discussion
Using higher order modulation will increase the dynamic of the signal amplitude. Due to nonlinear components in a wireless RF front-end this high amplitude variations causes distortions. EVM is the measure that is used for this distortion and there are different requirements for different modulation schemes. Another related issue is the output power dynamic requirements that might be impacted by using higher order modulations. In the following the two issues are being discussed.
2.1 EVM
One of the requirements that need to be specified regarding 256QAM is the EVM. This is shown together with the current requirements for the existing modulation schemes in Table 1.
Table 1 EVM requirements
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	X %


As it was agreed during the study item phase a low power BS such as 20dBm and 24dBm may achieve EVM values of 3~4% [2]. Also it was mentioned in [2] that this is achieved with power back-off and/or relaxed clipping. RAN4 needs to agree how these conditions to achieve low EVM must be captured in the specifications. 
One alternative would be to make a statement in the specification similar to the one in TS45.005 for GSM [6], i.e. 
The output power for GMSK, QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM shall be nominally the same for any supported static RF power step and power control level. An exception is allowed for the maximum output power levels of respectively QPSK, AQPSK, 8-PSK, 16-QAM and 32-QAM which may be lower than the GMSK output power for the same power step or power control level.

2.2 RE power control dynamic range
Section 6.3 in 36.104 specifies requirements for output power dynamics. According to this requirements, the transmitted signal quality as specified section 6.5 of 36.104 (where EVM is one requirement) shall be maintained for the output power dynamics requirements of this section.

One of the requirements for the output power dynamics is the RE power control dynamic range which is the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. 

It is suggested that the minimum requirements for RE power control dynamic range for 256QAM should be 0 dB both for up and down. Table below from 36.104 captures this proposal [3]
Table 2 E-UTRA BS RE power control dynamic range
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


3 Conclusions
In this contribution we looked at the impact of 256QAM on BS core requirements. It is suggested that:
· New EVM requirements need to be set for 256QAM together with conditions to achieve such EVM
· The minimum requirements for RE power control dynamic range for 256QAM should be 0 dB
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