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1
Introduction
In December 2010 the WI on uplink transmit diversity was approved in RP-101438, [1]. 

With the increased usage of HSUPA and demand for increased data rates, optimizing uplink throughput, coverage, and UE battery consumption becomes more and more important. Uplink transmit diversity is one potential means to achieve these goals by exploiting the spatial dimension when the terminal is equipped with multiple transmit antennas. 
The work item on uplink transmit diversity is divided into two parts: open loop transmit diversity and closed loop transmit diversity. In this contribution we analyze some of the RF core requirements for which initial discussion occurred during the last meeting.

In the previous meeting the following agreements were reached:

1. Consider measurements per antenna and compare them either per port or in a combined way against the requirements.
2. UE Relative Code Domain Power Accuracy: Use the existing requirements on each antenna port
3. Frequency error: Per antenna requirement is agreed. But reusing existing requirements is subject to further study.
2
Summary of requirements and our position compared to [3]

In this section we compare the document [2] and [3] presented in the last meeting and highlight our position. 
	Requirement
	Proposal in [2]
	Ericsson/ST-Ericsson view/comment

	DC-HSUPA applicability
	CLTD not to be considered with DC-HSDPA
	Agree with the proposal

	UE max Output Power
	Per UE requirements, use class 3/3bis for rel-11
	Agree with the proposal

	UE max output power with HS-PDCCH and E-DCH
	Per UE requirement, use the same CM and MPR definition
	We agree with the use of per UE requirements. Document [4] shows the impact of the ULTD on CM for different channelization codes used for S-DPCCH. There it was shown that depending on the channelization code used there may be a small impact on CM. We need more time to check this further.

	Frequency error
	Use the same legacy requirements
	We agree that the same legacy requirement can be considered. The rationale is as follows: We can safely assume that the same local oscillator is used to generate the frequency for the 2 antennas. Hence the frequency offset will be common to the 2 signals. Since this is common and it can be considered as a scaling factor which can be possibly recovered by the receiver. This error may possibly have some implication on the statistic of the channel. 

	Open Loop power control
	Do not introduce requirements
	Agree with this.

	Inner loop power control
	Per antenna power control, use the same legacy requirement
	See Section 3.

	Minimum Output power
	Do not introduce min output power
	In the last meeting it was shown that ULTD is less efficient from a UE perspective at low power (see current consumption crves of PAs). However, since the BS is not mandated to follow a possible UE advice, a possible requirement on minimum output power may be needed. More discussions are needed here.
 

	Out-of-Synchronization handling of output power
	FFS
	FFS.  This aspect will be discussed in RAN 1 during this meeting. 

	Transmit OFF power
	Per antenna requirement, use legacy requirements.
	Ok with per antenna requirement, the presence of switches may introduce transient situations. Need more studies.

	Transmit ON/OFF time mask
	No requirements for PRACH, FFS for discontinuous uplink DPCCH transmission
	Agree

	Change of TFC
	Per antenna, use the legacy requirements
	Agree per antenna. See Section 3 for tolerances.

	Power setting for uplink compress mode
	FFS
	Per antenna requirement. Use of legacy requirement is FFS

RAN 1 has not yet discussed this aspect. 

	HS-PDCCH
	Per antenna requirements and use legacy requirements
	Agree with per antenna, see Section 3 for tolerances.

	Occupied bandwidth
	Adopt per UE requirements, new definition of occupied bandwidth
	The proposal seems reasonable

	ACLR
	FFS
	Use per antenna requirement, apply legacy requirements, See section 4

	SEM
	FFS
	Use per antenna requirement, apply legacy requirements, See Section 4

	Spurious Emissions
	FFS
	Use per antenna requirement, apply legacy requirements, See Section 4

	Transmit intermodulation
	Per antenna, use the same requirements
	Agree

	Transmit pule shape filter 
	Per antenna, use the same requirements
	Agree

	EVM/Peak code domain error/Relative Code domain error
	Per antenna, use the same requirements
	Per antenna port, the possible increase in EVM might have to be studied further.

	Phase discontinuity
	Per antenna, use the same requirements
	This may be affected by the type of 

precoding defined and how the 

precoding is changed.

In general, the impact of phase disconitnuity may need more detailed analysis for beamforming and antenna switching methods. 


	Time alignment and phase alignment.
	NA
	Phase alignment errors changes the direction to which the beam is steered. In a dynamic system, the phase misalignment between the antenna ports introduces a additional rotation to the channel matrix, hence they may change the optimality of the chosen procoding weight. In general the effect of phase alignement error is more visible for high number of transmit antennas because the beam becomes highly directional, while it can be considered as less problematic for small amount of transmit antennas where the beams are very wide. Moreover the effect can be considered as small if the phase misalignment can be viewed as constant with respect the time period with which the PCI are updated.In general the performance will be related to how fast the phase-misalignment between the two antennas are changing. This may require further analysis.



3
Analysis of Inner Loop Power Control

In the last meeting contribution R4-113522 [2] proposed to use the inner loop power control in uplink per antenna port and to apply the same legacy requirements.

We would like to confirm that this proposal always ensure that the composite signal respects the inner loop power control requirements.

The example shown in [2] can be generalized for all the cases as follows: let P1 and P2 be the power of antenna 1 and antenna 2, let E be the error after a TPC command and let PTPC be the power step and Ptot(t) be the power at time instant ‘t’. The power at time instant t+1 after a TPC command associated with an error E dB will be as follows:
Ptot(t+1) = 10log10(10^(P1+PTPC+E)/10 + 10^(P2+PTPC-E)/10)

by considering an error E on antenna 1 and error –E on antenna 2. 
Assuming that the same transmit power is used for both antennas the error on the composite power can be written as

Ec= Ptot(t+1) – Pideal = Ptot(t+1)- (P1+Ptpc+3dB)

  =10log10( 10E/10 +10-E/10) -3dB ≤ β
Where Pideal is the total power obtained in case of no error,  β is the maximum error defined by the requirements in Table 6.4 of 25.101.

Clearly if the error was the same on both the antennas (+E on both the antennas), the requirement would be met

Ec can be written as

Ec=  10log10(2ch(E ln(10)/10))-3dB

This is plotted in Figure 1, which shows that for any possible E values (from table 6.4 in 25.101) the error obtained on the composite signal will be lower than E. 

[image: image1.emf]
Figure 1. Ec = 10*log10(2ch(E ln(10)/10))-3dB
Hence, we confirm, as indicated in [3] that the legacy requirements of inner loop power control can be safely applied per antenna port

4
Analysis of Out of Band Emission
4.1
ACLR
Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.

In the case a single carrier is assigned on the uplink, Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the RRC filtered mean power centred on the assigned channel frequency to the RRC filtered mean power centered on an adjacent channel frequency. ACLR is a relative measure, Pwc / PAdj≤β.

If the maximum power in the wanted carrier is reduced by 3dB, the power emitted in the adjacent portion of the spectrum will be as well scaled accordingly, hence the same ACLR limit can be achieved per antenna connector.

Of course the composite signal should also satisfy the same legacy ACLR requirements. 
Pwc,tot = Pwc, ant 1+ Pwc, ant 2

PAdj, tot = PAdj 1+ PAdj 2

The ratio of the wanted signal and the adjacent

(Pwc, ant 1+ Pwc, ant 2)/ (PAdj 1+ PAdj 2) < β 
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This can be satisfied also in case there is a correlation between PAs.

Hence we propose to consider the same legacy ACLR requirements per antenna port.
4.2 Spurious Emissions
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions.

The frequency boundary and the detailed transitions of the limits between the requirement for out band emissions and spectrum emissions are based on ITU-R Recommendations SM.329-10 [5].
It should be noted that spurious emissions are defined per antenna port by the regulator. 
We propose to use the same handling as for LTE uplink MIMO, i.e. to apply spurious emissions per antenna port. 

4.3
SEM
The spectrum emission mask of the UE applies to frequencies, which are between 2.5 MHz and 12.5 MHz away from the UE centre carrier frequency. The out of channel emission is specified relative to the RRC filtered mean power of the UE carrier.
For the SEM there is a relative requirement and an absolute requirement; the relative requirement is the one which is applicable for high transmit power ranges (ex at maximum power). When the relative requirement is applicable, the same reasoning as for ACLR is applicable and hence we can apply the same legacy requirements per antenna port.

For powers where the absolute value are applicable a maximum of >= 3dB reduction would be needed. However spurious emissions are defined per antenna port, and we think that the same type of handling should be used for SEM.

Hence we propose to apply SEM per antenna port.    
It should be kept in mind that the SEM level achieved by the UE depends on the transit power. In line with the view of other companies, we are proposing to define the in-band power per UE. Hence, since the transmit power per antenna port is reduced (3dB less power), the actually achieved SEM per port will be reduced as well. 

5
EVM
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. In LTE, the same EVM requirement has been applied per port. It should be noted however that  the received signal can be modelled in the following way 
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Where 
[image: image6.wmf]x

=[x1,x2] is the transmitted signal on antenna 1 and 2, W is the precoding matrix, 
[image: image7.wmf]h

is the vector representing the 2x1 channel and 
[image: image8.wmf]n

=[n1,n2] is the error which affect each transmitted signal. 





 
Note that, the precoding matrix is build such that <w1,w2> is orthogonal to <w3,w4> and ||<w1,w2>||2 = 1.

Each noise component ni is modeled as a Gaussian random variable ~ N(0, EVM2). Note that the EVM can be also modeled before the precoding matrix. Thanks to the orthonormality of the precoding matrix, the variance of the noise on each port will be the same (always equal to EVM2). In the worst case the EVM errors are independent and hence they are summing each other. 

Hence, the total EVM at the receiver side will be, in the worst case, equal to 

EVMcomposite=
[image: image9.wmf]EVM
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The amount of EVM depends in a non-linear way to the transmit power, being worse at maximum output power. Hence, it should be noted that when reducing the transmit power (3dB less power on each branch) the EVM will be reduced as well. Hence the increase in composite EVM will be less than the value given in equation (3).   

From a UE perspective it would be beneficial to apply the same EVM requirements per antenna port.

For the beamforming case the impact of the increased EVM might need to be studied further.  
For the pure antenna switching, the definition of EVM per antenna port does not impact the requirements. 

6
Conclusions

In this document we have provided our initial view for the core requirements for CLTD. In particular we have compared document [2] and [3] and highlighted the differences and we have provided an initial analysis for the related to the inner loop power control, out of band emissions and EVM.
7
References

[1] RP-101438, “Uplink Transmit Diversity for HSPA”, Huawei, HiSilicon, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATR, China Unicom, Deutsche Telekom AG, Ericsson, Interdigital, Magnolia Broadband, Nokia Siemens Networks, Orange, Qualcomm Incorporated, Renesas Technology Europe, Samsung, ST-Ericsson, Telecom Italia, Telefonica, Telia Sonera, T-Mobile US, Vodafone Group, ZTE
[2] R4-113599, “Overview of the impact of uplink transmit diversity WI in the UE transmitter requirements”, ST-Ericsson/Ericsson
[3] R4-113522, “Analysis of UE Tx core requirements for UL CLTD”, Qualcomm Incorporated
[4] R1-111800, “Channelisation code allocation and I/Q mapping for S-DPCCH”, Huawei, HiSilicon
[5] ITU-R Recommendation SM.329-10, "Unwanted emissions in the spurious domain"







































































































































































































































































































































































































































































































































































































































































































To the channel





W





n1





x2





x1





n2








PAGE  
7

_1374659776.unknown

_1374660789.unknown

_1374661512.unknown

_1374663549.unknown

_1374659819.unknown

_1374583845.unknown

_1374583851.unknown

_1374583842.unknown

