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1 Background

This document presents a text proposal for the CA UE transmit modulation quality(skeleton of this TR has been agreed in [1]) for section 6.5.
2 Discussion

In [2], The Error Vector Magnitude(EVM) is a measure of the difference between the reference waveform and the measured waveform.This difference is called the error vector, including phase and amplitude difference. Usually, The Tx imperfection(such as the LO phase noise and PA distortion) plays a key role in contributing to the EVM. 
For the intra-band contiguous CA, RB can be freely allocated for the different CC carriers, and different MCS can also be used for each CC, thus EVM should be difined per CC. When the SCC is deactivated, the scenario is similar to Rel-8 and the requirement of EVM should keep the same as in R8. It is good to keep the same EVM requirements for the UE device in R10, in this way the UE can guarantee the same demodulation performance with R8. But when both PCC and SCC are activated and working together, there will be inter-modulation between the CCs. Further studies will be needed to determine whether the inter-modulation between the CCs will have an effect on EVM.
The text proposal starts from the next page. 

3 Proposal
It is proposed that the text below is discussed and approved to be captured in 36.807 [1]. 
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----- Start of TP for the section 6.5.2 -----

<UNCHANGED TEXT SKIPPED HERE>
6.5.2
Transmit modulation quality

6.5.2.1
In-band emission for intra-band carrier aggregation

Non-contiguous uplink transmission different LO and image configurations (more exceptions) necessitate changes, but it could in fact be sufficient to test the in-band emissions in a Rel-8 fashion. We consider a number of cases. 

6.5.2.1.1
In-band requirements and leakage from an unsynchronised adjacent carrier
First we consider the aspect is the leakage of the secondary carrier into the primary: this is normally governed by selectivity requirements like ACLR and ACS that must be met for each CC. This adjacent CC may belong to the own network or to an adjacent operator. The secondary CC will create additional uplink intra-cell interference in addition to that originating from multiplexed users. However, this case could already be a problem for Rel-8 operation since an adjacent operator would produce a similar type of interference.

Figure 6.5.2.1.1-1 shows the case of one operator using two activated uplink CC activated in the presence of an adjacent (interfering) operator on a single CC. A specification of the in-band emission could potentially cover the aggregated carriers with a possible LO component between the two carriers, the image component of a transmission on one of the CC will appear in the other CC. From a carrier leakage view point it may also be desirable to limit the emission into the adjacent CC, but one may have to rely on the present Rel-8 emission floor (up to 30 dB below the allocated PRB) in any case. The power of the interfering adjacent operator is uncoordinated and may be significantly higher than the wanted signal levels within the own network, particularly if site-sharing is not used. Hence the problem of leakage exists already for Rel-8 operation and one must rely on the provisions of the Rel-8 specifications like ACLR for co-existence. Specifying leakage between CC(s) within the same network in terms of in-band emission requirements would not add much under this scenario, and all CC(s) must meet the ACLR requirements anyway. 


[image: image5.bmp]
Figure 6.5.2.1.1-1: inter-operator interference scenario with CA.

Hence this suggests that the current in-band test is sufficient also for CA in view of the inter-operator interference scenario that is already present for Rel-8. The test would then be carried out separately for the primary and secondary CC with due account for the fact that the LO and image frequency positions may be different from the Rel-8 configuration when two UL CC(s) are configured, and architectures with more than one LO are not impossible. 

6.5.2.1.2
In-band requirements for aggregated carriers within own network

The adjacent interference is not only added onto the wanted signal. Next we consider additional effects arising from the leakage or cross-talk between two CC generated within the same device, e.g. generated by one single transmitter chain through a single PA. 

Even if the Rel-8 minimum performance requirements apply for the transmitter chain, the in-band requirements have to be modified if applied to two aggregated uplink CC in view of different LO and IQ image locations as explained above. The centre position between the CC is the most likely: the aggregation scenarios considered in Rel-10 are tailored to this case. Figure 6.5.2.1.2-1 shows a very simplified picture of the transmitter emissions for two aggregated carriers with the LO and image components shaded. Simultaneous PUSCH and PUCCH are also transmitted on the PCC to exemplify the effects. We remark that many more inter- and cross-modulation effects would appear for this multi-tone scenario. The in-band emissions are measured after the FFT which means that the impact of some of these latter effects will be reduced. 

Should in-band emission requirements have to be specified for aggregated carriers (non-contiguous transmission), it appears reasonable to allocate RB in both component carriers in order to add to the existing single-carrier requirements. This would necessitate additional “exceptions” for

· possible LO locations

· locations for image products originating from the allocated PRB

· other inter-modulation products in view of non-contiguous transmission
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Figure 6.5.2.1.2-1: in-band emissions for transmission on two uplink CC(s).

The shape of the general in-band mask may have to be modified since cross-modulation products will appear around the allocated blocks, the magnitude of these depend on the relative powers of the allocated PRB(s). The requirements should be general and apply for any combinations of PRB sizes of the allocated blocks. Specifying in-band emission requirement for clustered PUSCH or simultaneous PUSCH and PUCCH will obviously necessitate multiple PRB allocations on a single CC. Is such a test needed from a functionality, user- and system performance standpoint?

If the SCC is deactivated and no simultaneous PUSCH and PUCCH on the PCC, the scenario is similar to Rel-8 operation but the locations of the LO and image are different, these are depicted in grey and black in Figure 6.5.2.1.2-2. The magnitude of these responses would still be dictated by the Rel-8 transmitter requirements. Similarly, if no simultaneous transmission is allowed from a single UE (as in Figure 6.5.2.1.2-2), neither on a CC nor across two active CC, the interference scenario would be similar to the Rel-8 case but with the image responses smeared out across two CC(s). Here we neglect effect of e.g. the independent power control on the two uplink CC(s) that may give rise to differences in practice.


[image: image3]
Figure 6.5.2.1.2-2: in-band emissions for a UE with a single PRB allocation and the SCC deactivated (grey), and a UE in fall-back mode (blue)

The UE could also fall-back to Rel-8 operation, which would generate the responses in blue in Figure 6.5.2.1.2-2 for a single PUSCH. The in-band emission requirements for Rel-8 must then be satisfied to ensure coexistence with legacy devices.  

From a functionality viewpoint, it should be sufficient to verify a Rel-10 UE supporting two UL CC(s) by using the existing in-band test case with a single UL CC configured. This would also cover coexistence with legacy UE(s). 

From a user- and system performance standpoint, the specification if in-band emissions per CC would not reveal all effects on the in-band emission floor of simultaneous transmission from a single UE. The following two scenarios, 

· transmission of a PUSCH and a PUSCH/PUSCH, both contiguous, on two separate CC(s) compared to the case in which these two transmissions originate from two separate UE(s) located on the PCC and SCC, respectively,

· clustered DFT-SOFDM and/or simultaneous PUSCH and PUSCH transmissions from one UE across two CC(s) compared to the case in which these transmissions originate from multiple sources, could provide some insight on a link level. However, the necessity to verify the in-band performance is not as obvious as the verification of the unwanted emissions outside the allocated operator block.

6.5.2.2  Error Vector Magnitude
For the intra-band contiguous CA, the Error Vector Magnitude requirement should be defined for each CC. 

When a single CC is transmitted Rel-8 EVM requirements apply.

When two CCs are transmitted with the same PSD the EVM requirements apply for each CC. The requirements are according to Table 6.5.2.2-1. The EVM requirements for carriers transmitted with different PSD are FFS.
Table 6.5.2.2-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level per CC
	Reference Signal EVM Level

	QPSK or BPSK
	%
	[17.5]
	[17.5]

	16QAM 
	%
	[12.5]
	[12.5]


----- End of TP for the section 6.5.2 -----

----- Start of TP for Annex B -----
<UNCHANGED TEXT SKIPPED HERE>

6.5.2.1

Error Vector Magnitude 

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.

The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly. The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power, modulation or allocation between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur. The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.
6.5.2.1.1

Minimum requirement 

The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]


Table 6.5.2.1.1-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -40

	Operating conditions
	
	Normal conditions


6.5.2.1A  Error Vector Magnitude for CA
For the intra-band contiguous CA, the Error Vector Magnitude requirement should be defined for each CC. 

When a single CC is transmitted Rel-8 EVM requirements apply.

When two CCs are transmitted with the same PSD the EVM requirements apply for each CC. The requirements are according to Table 6.5.2.1A-1. The EVM requirements for carriers transmitted with different PSD are FFS.

Table 6.5.2.1A-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level per CC
	Reference Signal EVM Level

	QPSK or BPSK
	%
	[17.5]
	[17.5]

	16QAM 
	%
	[12.5]
	[12.5]


----- End of TP for Annex B -----
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