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1 Introduction
Uplink Transmit Diversity for HSPA including OLTD and CLTD WI has been discussed for several meetings, some issues are still open such as UE architecture and the supported activation states. In this contribution, we give some discussion and proposals on these open issues and expect some progress on these issues in Dresden meeting.
2 Discussion
2.1 UE architecture
Before we discuss the UE architecture, we would like to list the 5 activation states UE supports for CLTD and 2 block diagrams for OLTD because the architecture design of UE depends on which configuration(s) it supports.
RAN WG1 has agreed that there are 5 activation states defined for UL CLTD as shown in the table below. 
Table 1 CLTD activation states
	UL CLTD activation state
	Uplink Channels

	
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	S-DPCCH

	1
	Primary Precoding Vector
	Secondary Precoding Vector

	2
	Antenna 1
	Antenna 2

	3
	Antenna 2
	Antenna 1

	4
	Antenna 1
	De-activate

	5
	Antenna 2
	De-activate


For OLTD, there are two implementations including BFTD and SATD, the block diagrams are reproduced from [2]:
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Figure 1 OLTD block diagrams for SATD and BFTD

In order to implement the CLTD and OLTD, several UE architectures have been proposed. We try to summarize the relationship between the proposed RF architectures and the supported activation states.
Table 2 Relationship between the proposed RF architectures and the supported activation state
	No
	RF Architecture
	Supported activation state
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	Note1：For OLTD the beamforming block could also be implemented in analog part and performed between modulation and PA.


The described architectures can be divided into two categories:
1. Full power PA + Full power PA

2. Full power PA + Half power PA
A UE that supports CLTD with two full power PAs can support all 5 activation states. Compared to half power PA, the full power PA has lower PA efficiency at mid-to-high Tx power. However it is possible to improve PA efficiency at mid-to-high Tx power by using the technique of dynamic voltage scaling (DVS) or average power tracking (APT). The resulting efficiency performance can be close to the case UE uses two half power PA in BFTD operation [2].

[image: image8]
Figure 2 UE architecture using the technique of DVS or APT
For a UE that supports CLTD with one full power PA and one half power PA, there may be some activation states that can not be supported due the use of half power PA. Architecture 3 with one full power PA and one half power PA and no RF switch can suppport activation state 1 and state 4, which means this type of UE supports BF configuration and legacy single antenna configuration. In order to support more activation states, RF switch may be implemented between PA and duplexer, such as architecture 4 and architecture 5 in Table 2. The introduction of RF switch will cause additional insertion loss on the order of 0.3dB -1dB (may be higher in ETC condition). It is noted that the insertion loss will also be introduced when configured in the legacy single TX operation and will impact the power efficiency.   
2.2 The definition of core requirements

Different UE architecture types may have impact to core requirements. The impact to core requirements is reflected on maximum output power requirement and no direct impact to other remaining requirements is foreseen. It is the similar case as the insertion loss caused by diplexer of inter-band CA. The further study and proposals on maximum output power can be found in Section 2.3.
For CLTD 5 activation states are defined in RAN1. Currently RAN1 work is based on the assumption that a UE that supports UL CLTD supports all the 5 activation states while the final decision on UE capabilities will be made based on discussion in RAN2 and RAN4. We propose to define the core requirements according these 5 states in a generic way so that even if a new subset of the 5 states is added later the update of core requirements does not require many changes. Thus, we propose that the requirements are defined per activation state. The following text is proposed to be added in 25.101 for ULTD.
For CLTD the requirements are specified to CLTD activation state 1, 2, 3, 4, 5 which are defined in sub-clause 4.6C.2.2.3 in TS 25.212. For OLTD the requirements are specified to open-loop SATD and open-loop BFTD.

Proposal 1: The impact to core requirements due to UE architecture types can be limited to one requirement, i.e. maximum output power requirement.
Proposal 2: Define the core requirements according the 5 CLTD activation states or 2 OLTD modes.
For UE transmit requirement, agreements on ULTD can be found in [5] which captures the agreed proposals for UE configured in two antenna transmission. Most of the requirements are completed except remaining open issues such as MOP, TAE, EVM and phase discontinuity. For states when only one antenna is activated, including OL SATD and CLTD activation state 4 and 5, it is proposed to reuse the legacy single antenna requirement.
Proposal 3: When only one antenna is activated, including OL SATD and CLTD activation states 4 and 5, it is proposed to reuse the legacy single antenna requirement.
2.3 UE Maximum Output Power
2.3.1 Maximum output power tolerance
The lower limit for maximum output power tolerance was discussed in RAN4#61 [4] [6]. Currently there are two options under discussion.

Option1: Relax 1dB for the lower limit of MOP tolerance for CLTD because it is more difficult to accurately set the transmit power when the transmit power is lower. [6]
Option2: Do not apply relaxations to the legacy requirements. [4]

The output power accuracy and insertion loss may impact the definition of MOP tolerance. Contribution [6] uses transmission power headroom measurement report accuracy as a reference. As a result the power range is shifted by 0.5dB to not exceed the transmission power limit of 25dBm. For Bands XXII and XXV, the lower limit of MOP is originally relaxed by 1.5dB and 1dB, respectively, for the implementation complexity of duplexer, which will not impact the power accuracy for full power PA when transmission power equals to 20 dBm. A further shift of 1.5 – 0.5=1dB and 1-0.5=0.5dB for Bands XXII and XXV is needed if using half power PA. Hence it is proposed to further relax the lower limit of MOP tolerance 1dB and 0.5dB for Bands XXII and XXV band respectively. 

Proposal 4: Define UE MOP as shown in Table 3. 
Table 3: UE Power Classes

	Operating Band
	Power Class 3
	Power Class 3bis

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	+24
	+1/-4
	23
	+2/-3

	Band II
	+24
	+1/-4
	23
	+2/-3

	Band III
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band V
	+24
	+1/-4
	23
	+2/-3

	Band VI
	+24
	+1/-4
	23
	+2/-3

	Band VII
	+24
	+1/-4
	23
	+2/-3

	Band VIII
	+24
	+1/-4
	23
	+2/-3

	Band IX
	+24
	+1/-4
	23
	+2/-3

	Band X
	+24
	+1/-4
	23
	+2/-3

	Band XI
	+24
	+1/-4
	23
	+2/-3

	Band XII
	+24
	+1/-4
	23
	+2/-3

	Band XIII
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band XIX
	+24
	+1/-4
	23
	+2/-3

	Band XX
	+24
	+1/-4
	23
	+2/-3

	Band XXI
	+24
	+1/-4
	23
	+2/-3

	Band XXII
	+24
	+1/-5
	23
	+2/-4

	Band XXV
	+24
	+1/-4.5
	23
	+2/-3.5


For UE to support ULTD with one full power PA and one half power PA, and to support more activation states other than only state 1 and state 4, the introduction of RF switch(s) is a possible solution. Figure 3 and Figure 4 show two examples of possible architectures. About 0.3dB -1dB additional insertion loss may need to be taken into account for different implementations concerning different subsets of the 5 activation states. It is noted that the additional insertion loss will reduce the CLTD gain substantially and impact all activation states. From the evaluation results in [3], the link gain is about 2 dB for PA3 channel and 1 dB for VA 30 channel. On the other hand the motivation of using RF switch is to support switched antenna diversity, while with the increase of insertion loss a negative power saving compared to the baseline case without transmit diversity may occur [2]. So it is proposed to limit the additional insertion loss to [0.5] dB when considering UE architectures with RF switch(s). When the insertion loss <= 0.5 dB, maximum output power tolerance in Table 3 can apply without change. While for CLTD capable UE configured in legacy single antenna state, the additional insertion loss may need to be considered.


[image: image9]
Figure 3: UE architecture with SPDT switch

[image: image10]
Figure 4: UE architecture with DPDT switch
2.3.2 Maximum Power Reduction (MPR)
There was some discussion on MPR in previous meeting [4] [6]. We slightly prefer to reuse the existing MPR requirement for ULTD. Although half power PA may not be available in near future, we propose not to define MPR case by case for each PA configurations. For the MPR is the maximum allowed power reduction, it is proposed to keep the current requirement unchanged for the per UE requirements to make sure that it will not worse than legacy UE. Thus the simplification of specification is foreseen and there is no impact to the real design that no MPR is used for implementations using two full power PAs. It is noted that the same approach is adopted in LTE UL MIMO.
Proposal 5: define MPR per UE using existing requirements.

3 Conclusion
In this document we continue to discuss the remaining open issues for ULTD and some proposals are given:
Proposal 1: The impact to core requirements due to UE architecture types can be limited to one requirement, i.e. maximum output power requirement.
Proposal 2: Define the core requirements according the 5 CLTD activation states or 2 OLTD modes.
Proposal 3: When only one antenna is activated, including OL SATD and CLTD activation states 4 and 5, it is proposed to re-use the legacy single antenna requirement.

Proposal 4: Define UE MOP as shown in Table 3. 

Proposal 5: Define MPR per UE using existing requirements.
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