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1 Introduction

In the last RAN4 meeting the impact of introducing different types of uplink transmit diversity schemes were discussed and analyzed in [1-3]. The contribution in [3] was not treated due to the lack of time. Nevertheless, these contributions in particular addressed the impact of uplink transmit antenna diversity on the UE transmitter requirements. 

The summary of the discussion in [1-3] is that the specification of the proposed schemes, with the exception of closed loop transmit diversity schemes [3], would mainly require some level of clarification of UE RF transmitter requirements [4] affecting only RAN4 specifcation. Obviously the closed loop schemes require modification of L1 control channel signalling and would evidently implicate RAN1 specification. 
In this paper we further analyze the impact of introducing UL transmit diversity in different specifications and the work required to be carried out in different working groups. 
2 Need for System Impact Evaluation 

As discussed in the last meeting different types of uplink transmit diversity schemes are possible. The possible shemes which were discussed or addressed in the form of contributions can be categorized into: 
· Transmit beamforming open loop

· Transmit beamforming closed loop

· Switched antenna uplink transmit diversity open loop
· Switched antenna uplink transmit diversity closed loop

We suggest that system benefits of different schemes are demonstrated in practical deployment scenarios by using realistic assumptions and by assuming the existing receiver structure used in the legacy base station (i.e. used in TS 25.104 for BS receiver requirements). The study may not necessarily be limited to the above schemes rather other potential schemes could also be analyzed and studied. 

This requires that some level of feasibility study is carried out in the relevant working groups as this is a normal practice for introducing a new functionality or a feature into the specifications. The study should aim to carry out both: 
· Link level analysis
· System level analysis
In the initial phase such a study could be done in RAN1 and but later on should also be carried out in RAN4 with more practical considerations. 
In order for the uplink transmitted diversity to function adequately, calibration would be required at the base station to account for the uplink transmit diversity specific UE impairements such as relative phase error, time alignment errors and amplitude gain imbalance. Hence the introduction of uplink transmitted diversity would also impact the base station implementation requiring some modification of the existing legacy hardware. It is therefore important that sufficient system gain is demonstrated in realistic conditions assuming the existing base station receiver structure (according to those specified in TS 25.104).

The eventual objective of the study would be to identify the schemes, which are most beneficial from system performance perspective as well as less complex from UE and BS implementation standpoint. 
3 Impact on Specifications and Requirements  

In this section we analyze the impact on different specifications and the involvement of different working groups.

3.1 Network Controlled Operation 

In general the transmit diversity is a useful feature from the system perspective. However, the transmit diversity is shown to have exhibited varying level of system benefit in different deployment scenarios and propagation environments. In case of downlink the network can choose to decide, depending upon the environment, whether to deploy the transmit diversity or not. Thus nework typically uses transmit diversity in the downlink in scenarios, where substantial system gain or improvement is expected.
We believe it is also beneficial that the network has similar level of flexibility for controlling the operation of uplink transmitted diversity regardless of the type of scheme in use. This could be done by network controlled signaling allowing the possibility to turn off the uplink transmit diversity operation. The introduction of this type of signaling mechanism, which is possibly RRC, would involve work in RAN2.   
3.2 Impact on L1 Control Channel Structure 

As proposed in section 2 that system studies are carried out to identify the prospective schemes. In case of closed loop scheme transmit diversity, some modification of L1 control channel would be required to support the feedback signaling from the network. In that case RAN1 specication(s) would be affected. 
3.3  Impact on UE Transmit Power Measurement 

The UE and BS measurement quantities are specified in TS 25.215, which is under RAN1 control. 
The UTRAN measurement, ‘Transmitted Carrier Power’ in section 5.2.4 of TS 25.215 is specified for single transmit antenna and transmit diversity cases.  Similarly, the ‘Transmitted code power’ in in section 5.2.5 of TS 25.215 is also specified for single transmit antenna and transmit diversity cases.
The corresponding UE measurement quantity, ‘UE Transmitted Power’ is specified in section 5.1.7 in TS 25.215. The reference point for this measurement is at the UE antenna connector.

Therefore the definition of this measurement also needs to be updated with regard to the uplink transmit diversity. 

3.4 Impact on UE Transmission Power Headroom  

The ‘UE Transmission Power Headroom’ (UPH) measurement is also specified in section 5.1.14 in TS 25.215, which is under RAN1 control. 

The UPH measurement is derived from the uplink DPCCH transmitted power. The reference point for this measurement is also at the UE antenna connector. Therefore the definition of the UPH measurement also needs to be updated with regard to the uplink transmitted diversity. 

3.5 UE transmitter Requirements

These requirements affect only RAN4 specification. 
3.5.1 Time Alignment Error 

In case of downlink transmit diversity the time alignment error requirements are specified for the base station in TS 25.104. These requirements ensure minimal delay between signals transmitted from the two antennas. This in turn leads to better demodulation and reception performance at the receiver in practice. It is therefore important that similar type of requirements is specified for the uplink transmitted diversity in TS 25.101. The actual level of allowed error should be studied in RAN4. 

3.5.2 Relative Phase Error 

In case of transmit beamforming the output signals from the two antennas is combined as a beam and steered dynamically towards the serving base station based on the relative phase between the two signals. The phase error will influence the direction of transmitted beam and could cause unnecessary interference in case it is steered in the wrong direction due to the phase errors. Some level of phase errors is unavoidable due to the practical limitations in the UE. Therefore, RAN4 should study this requirement from the system and UE implementation perspectives and specify appropriate UE relative phase error requirements in TS 25.101. 
The specified level should on the one hand be achievable from UE implementation perspective but on the other hand should also guarantee sufficient system gain is maintained. 
3.5.3 TFC and E-TFC Restriction Requirements 

The TFC and E-TFC restriction is carried out by the UE based on uplink transmitted power. The corresponding TFC and E-TFC restriction requirements specified in section 6.4 in TS 25.133 are therefore derived from measurements of the DPCCH and DPDCH transmitted power. 
The ‘UE transmitted power’ defined in section 5.1.7 in TS 25.215 is performed over the entire carrier. Therefore the modification of the definition of this measurement quantity with respect to the transmit diversity would not be sufficient to ensure that the UE operating with transmit diversity uses power from both antennas when performing TFC/E-TFC restriction. 
We therefore believe that the TFC and E-TFC requirements need to be revisited and some level of clarification would be needed in section 6.4 in TS 25.133. 
3.5.4 Other UE RF Transmitter Requirements 

The impact on all other UE transmitter requirements such as maximum output power, power control related requirements, modulation quality related requirements, frequency error, ACLR, spectrum emission mask etc needs to be revisited and specified for the case of two transmit antennas i.e. transmit diversity. In most cases the existing requirements could be reused. Nevertheless it is important to carefully identify which requirements can be reused or not.  
4 Conclusions
In this paper we have briefly analyzed the implication of introducing uplink transmit diversity schemes on RAN4 requirements and impact on other working groups. Our analysis reveals that in order to properly specify the uplink transmit diversity multiple working groups namely RAN1, RAN2 and RAN4 need to be involved. 

Furthermore depending upon the type of the supported uplink transmitted diversity scheme a completely new set of UE requirements such as relative phase errors and time alignment error needs to be specified.  
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