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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, optimising 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. This contribution is an overview of the impact on the UE requirements of the introduction of the closed loop transmit diversity feature.  
Closed loop transmit diversity exploits an explicit feedback of the BS to the UE and may provide performance enhancements as compared to open loop transmit diversity methods. In particular CLTD allows the network to estimate the composite channel (since two DPCCH pilots are transmitted from the UE) and to decide the pre-coding vector that the UE shall apply. This pre-coding vector can furthermore be signaled to the UE on the F-PCICH.
So far only RAN 1 has started the discussion for this WI. The status report can be found RP-110088.
For RAN 4, the plan is to finalize the core part by March 2012 and the performance part by September 2012.

In the following sections we are going to provide an overview of the 25.101 requirements which are affected by the introduction of closed loop transmit diversity. When possible our view is provided. For certain requirements more discussions are needed.

2 Impact on the Transmitter Requirements

In the following section we list the requirements which are defined in the current version of 25.101 and for each requirement we address whether there is an impact. If possible we provide guidelines on what we believe would be a reasonable way to define the requirements. 
5
Frequency bands and channel arrangement
16
5.1
General
16
5.2
Frequency bands
16
We think that closed loop uplink transmit diversity should be a band agnostic feature, and as such it should be possible for all the operating bands.

6
Transmitter characteristics
22
6.1
General
22
6.2
Transmit power
23
6.2.1
UE maximum output power
23
As a general comment we think that we have to allow for UE TX implementation freedom, in terms of architecture. Different options were discussed in RAN 1.  We belive that this issue should be discussed further once the codebook design is finalized. We need however to keep in mind that operation in legacy single link mode needs always to be  possible, hence for each possible architecture a fall back mode solution should be possible.

We think that maximum output power should be measured as the sum of the maximum output power at each antenna connector, i.e defining a requirement per UE.
It should be studied whether the new transmission mode has impacts on the cubic metric. In case impacts are foreseen 

 We think that the Cubic Metric definition may need to be analyzed to check whether the same normalization factors can be reused for this case or if new normalization factors should be defined. 
It should be noted that the presence of switches (which may be needed for particular architecture) may need to be taken into account, as it introduces additional IL in the system. This may have an impact on the definition of the requirements.

For the Maximum Output Power tolerances, it may be discussed further whether per port or per UE requirements should be defined. 

6.2.3
UE Relative code domain power accuracy
25
The UE Relative code domain power accuracy is a measure of the ability of the UE to correctly set the level of individual code powers relative to the total power of all active codes.

We think that there is no impact on the requirement; The UE needs to maintain the same level of accuracy for each code per antenna port.
6.3
Frequency Error
26
We think that the frequency error requirements should be defined  per  antenna connector.  More analysis and discussion may be needed to study whether it can be possible to re-use the existing requirements and apply them per antenna port. 
6.4
Output power dynamics
26
6.4.1
Open loop power control
26
6.4.2
Inner loop power control in the uplink
26
6.4.2.1
Power control steps
26
6.4.2.1.1
Minimum requirement
27
In RAN 1 it was decided to keep a single inner and outer power control as per Rel-99 to avoid per antenna control.
it may be discussed further whether the power control tolerances should be defined per port or per UE and whether this has impact on the power control feature.
6.4.3
Minimum output power
28
6.4.3.1
Minimum requirement
28
It should be discussed further whether the minimum transmit power should be defined per antenna port as defined 
currently for the LTE MIMO UL or per UE (to be consistent with the definition of MOP).
6.5
Transmit ON/OFF power
30
6.5.1
Transmit OFF power
30
6.5.1.1
Minimum requirement
30
These requirements should be defined per port .

6.5.2
Transmit ON/OFF Time mask
31
6.5.2.1
Minimum requirement
31
These requirements should be defined per port. 
The presence of a switch may introduce transients which may affect the definition of this requirement. This needs to be studied further.

6.5.3
Change of TFC
34
6.5.3.1
Minimum requirement
34
Per antenna port requirement should be considered.

6.5.4
Power setting in uplink compressed mode
35
6.5.4.1
Minimum requirement
35
Per antenna port requirement should be considered.

6.5.5
HS-DPCCH
37
6.5.5.1
Minimum requirement
37
Per antenna port requirement should be considered.

6.6
Output RF spectrum emissions
38
6.6.1
Occupied bandwidth
38
No impact for this requirement.

6.6.2
Out of band emission
39
6.6.2.1
Spectrum emission mask
39
6.6.2.1.1
Minimum requirement
39
...

6.6.2.2
Adjacent Channel Leakage power Ratio (ACLR)
41
6.6.2.2.1
Minimum requirement
41
For spectrum emission mask and ACLR, the requirements can not be changed. However, their applicability is TBD (whether it should be per UE or per antenna port). We think that the impact of the TX architecture w.r.t the mask requirement and relative ACLR  should be analyzed further.
6.6.3
Spurious emissions
42
6.6.3.1
Minimum requirement
42
The requirement should not change. The applicability is TBD (per UE or per antenna)

6.7
Transmit intermodulation
50
6.7.1
Minimum requirement
50
The requirement should not change. The applicability should be per port.
6.8
Transmit modulation
50
6.8.1
Transmit pulse shape filter
51
No impact for this requirement.

6.8.2
Error Vector Magnitude
51
We think  that a possible working assumption is to consider the requirement per antenna port. However it should be discussed further whether the same requirement can be applied as in the single port case or if  a modification of the requirement is needed. Morever the impact into the BS should be assessed.

6.8.3
Peak code domain error
52
6.8.3.1
Minimum requirement
53
...

6.8.3a
Relative code domain error
53
6.8.3a.1
Relative Code Domain Error
53
6.8.3a.1.1
Minimum requirement
53
No changes foreseen for these requirements, however since they are based on EVM, some further discussion may be needed.

6.8.4
Phase discontinuity for uplink DPCH
55
6.8.4.1
Minimum requirement
55
6.8.5
Phase discontinuity for HS-DPCCH
55
6.8.5.1
Minimum requirement
55
6.8.6
Phase discontinuity for E-DCH
55
6.8.6.1
Minimum requirement
56
Phase discontinuity is defined as the change in phase between any two adjacent timeslots. 
Theis may be affected by the type of precoding defined.

In general, the impact of phase disconitnuity may need more detailed analysis for beamforming and antenna switching methods. In fact, the precoding weights used in the UE may increase the obtained value of phase discontinuity under the test defined in 25.101. Solutions may exist to avoid this problem. 
Additionally we think that extra requirements on time alignment error and phase alignment may need further discussion (in order to ensure good performance). 

In particular it can be easily understood that phase alignment errors changes the direction to which the beam is steered. 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. However, this change into the beam direction may introduce ome losses in terms of SNR, which may need to be assesed.

3  Conclusions

In this contributions we have listed the tx core requirements that we think will be affected by the introduction of closed loop transmit diversity. Moreover some initial guidelines on the issues that need to be discussed are provided. 

In summary we think that the major topics that need further investigations are as follows:
· Definition of tolerances, whether they should be defiend per port, and in particular whether this extension has implications in the BS.

· In case switches are needed, it should be studied whether their response may affect on-off transitions.
· The applicability of SEM, ACLR and spurious emissions should be analyzed.

· Study whether the use of the EVM requirements per antenna port has impacts in the BS performance.

· Study the phase discontinuity and how the test should be modified in order to avoid possible misleading information due to presence of the pre-coding.

· Study the need for phase alignement and time alignment requirements.
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