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1
Introduction
“Uplink Transmit Diversity for HSPA” WI was approved in RAN#50 [1]. The WI includes both open loop and closed loop transmit diversity. RAN4 was tasked to work on the specification of core and performance requirements.
This contribution analyzes the existing UE Tx core requirements for UL CLTD assuming a UE architecture shown in [2]. Potential additional Tx core requirements are not the scope of this contribution and can be discussed separately.
2
Testing Connection
One of the main differences in Tx core requirements for UL CLTD compared to the non-ULTD legacy device is the existence of two Tx antenna ports. Therefore, all the Tx core characteristics need to be considered for two Tx antenna ports. There could be three options for each Tx core requirements.
· Option A: Have measurements per antenna. Compare them against per antenna requirement defined for a CLTD UE.

· Option B: Have measurements per antenna. Combine the measurements and compare them against per UE requirement defined for a CLTD UE.

· Option C: Have measurements per UE using a combiner. Compare them against per UE requirement defined for a CLTD UE.

We will exclude the option C, since it adds unnecessary testing uncertainty without achieving any additional value compared to the other two options. One can argue that the measurements from the option C are more realistic, since NodeB receives a combined signal from the two Tx antennas. However, what the NodeB receives in practice is a combined signal after fading channels, not a simple combined signal from the two UE antenna ports. It also should be noted that if the combiner is used, the Tx characteristics will be a function of the chosen beamformer as well as the amplitude/phase characteristics of the combiner. As a result, the UE Tx characteristics are not well defined given the addition of a combiner in the test setup.
For all the existing Tx core requirements, we will apply either Option A (called “Per Antenna”) or Option B (called “Per UE”) in this contribution.
Proposal 1: Adopt “Per Antenna” (Option A) or “Per UE” (Option B) for specifying the UE Tx core requirements for a CLTD UE.
3
Applicability of DC-HSUPA with CLTD

Unless NodeB signals a PCI per carrier for a DC-HSUPA UE, the US shall apply the same beamformer on both carriers. Given that DC-HSUPA most likely shares a Tx chain between dual uplinks, it is not straightforward to find an optimal beamformer across both carriers. On the other thand, if NodeB signals a PCI per carrier, it will be difficult to implement the beamforming block in the UE in analog domain.

If a mechanism to turn the ULTD feature on/off needs to be considered as proposed in [3], how to turn the ULTD feature on/off could be also debatable. Therefore, it is proposed that CLTD not be considered with the DC-HSUPA feature for Rel-11.In this contribution, it will be assumed that CLTD is not allowed for DC-HSUPA. Therefore, the analysis of Tx core requirements for DC-HSUPA will be skipped in the document.

Proposal 2: CLTD not be considered with the DC-HSUPA feature for Rel-11.
4
Analysis of Tx core requirements

4.1
Transmit power

4.1.1
UE maximum output power
It is proposed to use “Per UE” requirement. In this way, the total UE transmit power can be maintained as the legacy UE.
Proposal 3: Adopt “Per UE” requirement for UE maximum output power. The sum of the maximum output power at each antenna port be compared against the requirements.
Proposal 4: Introduce Class 3/3bis for Rel-11.
4.1.2
UE maximum output, power with HS-DPCCH and E-DCH
It is proposed to use “Per UE” requirement. The existing MPR can be applied to CLTD UE. As discussed in [4], the following 2 PA configurations can be implemented.
· 2 Full Power PAs

· 1 Full Power PA + 1 Half Power PA

Depending on the use of a full power PA and half power PA, a full power PA may not need any MPR given that maximum output power at the antenna port for CLTD is 3 dB less, but a half power PA still needs an MPR. If an MPR is applied on one antenna port, the same amount of MPR needs to be applied on the other antenna port in order not to distort an intended beam (otherwise it will cause amplitude imbalance due to the MPR, resulting in a different beam from what was intended).

Since the MPR is the maximum allowed power reduction, it may not be necessary to distinguish the MPR requirement depending on the type of PA used in implementation. We can keep the same MPR requirement so that it provides a flexibility in UE implementation as long as it is not worse than the legacy UE.
In [5,6], it was shown that the CM impact due to the transmission of S-DPCCH is not noticeable and the CM is still within the maximum CM (3.5). Therefore, it can be concluded that the existing CM and MPR formula can still be used for CLTD.

Proposal 5: Adopt “Per UE” requirement for UE maximum output power with HS-DPCCH and E-DCH. The sum of the maximum output power at each antenna port be compared against the requirements.

Proposal 6: Use the existing CM and MPR formula for CLTD.
4.1.3
UE Relative code domain power accuracy
It is proposed to use “Per Antenna” requirement. Since this requirement is a relative requirement, we can adopt “Per Antenna” requirement.

Proposal 7: Adopt “Per Antenna” requirement for UE relative code domain power accuracy.

Proposal 8: Use the existing requirements on each antenna port.
4.2
Frequency Error
It is proposed to use “Per Antenna” requirement. It is reasonable to assume a common frequency reference for both Tx chains for a CLTD UE. Therefore, it is expected that the frequency error would be the same on both antenna ports. As long as the frequency error per antenna port is confined, the total frequency error can be also confined.

Proposal 9: Adopt “Per Antenna” requirement for frequency error.

Proposal 10: Use the existing requirements on each antenna port.
4.3
Output power dynamics

4.3.1
Open loop power control
This requirement is for RACH procedure. CLTD will not be available during RACH. Therefore, this requirement is not applicable for CLTD.
Proposal 11: Do not introduce open loop power control requirement for CLTD.

4.3.2
Inner loop power control in the uplink

It is proposed to use “Per Antenna” requirement. Since this requirement is a relative requirement, we can adopt “Per Antenna” requirement. In addition, if the relative accuracy is confined per antenna port, the total relative power accuracy is also confined, but not the other way around.
For example, if the combined output power meets +/- 0.5 dB ILPC requirement (assuming a 1 dB step size), it does not mean that each individual chain would meet that requirement. If the output power at both antenna ports were at 10 dBm at time N,
Pant1(N)= 10 dBm

Pant2(N) =10 dBm
the total power is Ptot(N) = 13 dBm. Assuming that a TPC command of +1 is received, if the ILPC error occurrs by +1 dB at the antenna port 1 and by -1 dB at the antenna port 2, the output powers at time N+1 becomes
Pant1(N+1) = 12 dBm

Pant2(N+1) = 10 dBm.
Then, the total power is Ptot(N+1)=14.12 dBm. The total power increase from time N to time N+1 is
Ptot(N+1)-Ptot(N) = 14.12 – 13 = 1.12 dB.
The ILPC error in totla power is 0.12 dB and it still meets the ILPC requirement, even though the individual ILPC errors in both antenna ports failed in meeting the requirements.
If the ILPC requirements were met in each antenna port, the ILPC requirement in total power also meets the requirements. The worst case would be +0.5 dB error on one antenna port and -0.5 dB error on the other antenna port. Assuming the output power at both antenna ports were at 10 dBm at time N and the UE received a TPC command of +1, the output power at time N+1 becomes
Pant1(N+1) = 11.5 dBm

Pant2(N+1) = 10.5 dBm.
Then, the total power is Ptot(N+1)=14.04 dBm. The total power increase from time N to time N+1 is
Ptot(N+1)-Ptot(N) = 14.04 – 13 = 1.04 dB.
The ILPC error in total power is 0.04 dB and it still meets the ILPC requirement.

Proposal 12: Adopt “Per Antenna” requirement for inner loop power control.

Proposal 13: Use the existing requirements on each antenna port.
4.3.3
Minimum output power

Given that significant battery life loss is expected in low and mid transmit power range [3], the CLTD should not be turned on at minimum output power. It does not make sense to have this type of requirement with CLTD.

Proposal 14: Do not introduce minimum output power requirement for CLTD.

4.3.4
Out-of-synchronization handling of output power

This requirement is more for receiver characteristics. The corresponding UE behavior has not been decided in RAN1. Therefore, it is proposed for further study.
Proposal 15: FFS for out-of-syncronization handling of output power.

4.4
Transmit ON/OFF power

4.4.1
Transmit OFF power

It is proposed to use “Per Antenna” requirement. It is proposed to keep the same transmit OFF power per antenna port as -56 dBm when the transmit power is turned off on both Tx chains.

Proposal 16: Adopt “Per Antenna” requirement for transmit OFF power.

Proposal 17: Use the existing requirements on each antenna port. Clarify that this requirement is applicable only when the UE turns off both Tx chains.
4.4.2
Transmit ON/OFF Time mask

The existing test consists of PRACH and discontinuous uplink DPCCH transmission. Since CLTD will not be available during RACH, PRACH test will not be applicable for CLTD.Transmit ON/OFF time mask with discontinuous uplink DPCCH transmission is proposed for further study since it is not yet clear how CLTD is incorporated with discontinuous uplink DPCCH transmission.

Proposal 18: Do not introduce transmit ON/OFF time mask requirement with PRACH for CLTD.

Proposal 19: FFS for transmit ON/OFF time mask requirement with discontinuous uplink DPCCH transmission for CLTD.

4.4.3
Change of TFC

This requirement can be treated similarly as ILPC requirements.
Proposal 20: Adopt “Per Antenna” requirement for change of TFC.

Proposal 21: Use the existing requirements on each antenna port.
4.4.4
Power setting in uplink compressed mode

This requirement can be FFS since it is not clear how CLTD is incorporated with compressed mode.

Proposal 22: FFS for power setting in uplink compressed mode requirement for CLTD.
4.4.5
HS-DPCCH

This requirement can be treated similarly as ILPC requirements.

Proposal 23: Adopt “Per Antenna” requirement for HS-DPCCH.

Proposal 24: Use the existing requirements on each antenna port.
4.5
Output RF spectrum emissions

4.5.1
Occupied bandwidth

It is proposed to use “Per UE” requirement, since this requirement is more relevant per UE. 

Occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum, centered on the assigned channel frequency. For each antenna port, the upper frequency and lower frequency can be obtained as for the legacy requirement. Then, the occupied bandwidth can be defined as
Occupied Bandwidth = Max(Upper Frequency1, Upper Frequency2)  Min(Lower Frequency1, Lower Frequency2

Proposal 25: Adopt “Per UE” requirement for occupied bandwidth.

Proposal 26: Occupied Bandwidth is defined by Max(Upper Frequency1, Upper Frequency2)  Min(Lower Frequency1, Lower Frequency2.

Proposal 27: Use the existing requirements.

4.5.2
Out of band emission

4.5.2.1
Spectrum emission mask

It needs to be further studied whether “Per Antenna” or “Per UE” requirement is more relevant.
Proposal 28: FFS for SEM requirement for CLTD.

4.5.2.2
Adjacent Channel Leakage power Ratio (ACLR)

It needs to be further studied whether “Per Antenna” or “Per UE” requirement is more relevant.

Proposal 29: FFS for ACLR requirement for CLTD.

4.5.3
Spurious emissions

It needs to be further studied whether “Per Antenna” or “Per UE” requirement is more relevant.
Proposal 30: FFS for spurious emissions requirement for CLTD.

4.6
Transmit intermodulation

It is proposed to use “Per Antenna” requirement.
Proposal 31: Adopt “Per Antenna” requirement for transmit intermodulation.

Proposal 32: Use the existing requirements on each antenna port.

4.7
Transmit modulation

4.7.1
Transmit pulse shape filter

Proposal 33: Adopt “Per Antenna” requirement for transmit pulse shape filter.

4.7.2
Error Vector Magnitude

It is proposed to use “Per Antenna” requirement. Since this requirement is a relative requirement, we can adopt “Per Antenna” requirement.

Proposal 34: Adopt “Per Antenna” requirement for EVM.

Proposal 35: Use the existing requirements on each antenna port.

4.7.3
Peak code domain error

It is proposed to use “Per Antenna” requirement. Since this requirement is a relative requirement, we can adopt “Per Antenna” requirement.

Proposal 36: Adopt “Per Antenna” requirement for peak code domain error.

Proposal 37: Use the existing requirements on each antenna port.

4.7.4
Relative code domain error

It is proposed to use “Per Antenna” requirement. Since this requirement is a relative requirement, we can adopt “Per Antenna” requirement.

Proposal 38: Adopt “Per Antenna” requirement for relative code domain error.

Proposal 39: Use the existing requirements on each antenna port.

4.7.5
Phase discontinuity for uplink DPCH

It is proposed to use “Per Antenna” requirement.

Proposal 40: Adopt “Per Antenna” requirement for phase discontinuity for uplink DPCH.

Proposal 41: Use the existing requirements on each antenna port.

4.7.6
Phase discontinuity for HS-DPCCH

It is proposed to use “Per Antenna” requirement.

Proposal 42: Adopt “Per Antenna” requirement for phase discontinuity for HS-DPCCH.

Proposal 43: Use the existing requirements on each antenna port.

4.7.7
Phase discontinuity for E-DCH

It is proposed to use “Per Antenna” requirement.

Proposal 44: Adopt “Per Antenna” requirement for phase discontinuity for E-DCH.

Proposal 45: Use the existing requirements on each antenna port.

5
Conclusions
This contribution has analyzed the existing UE Tx core requirements for UL CLTD assuming a UE architecture shown in [2]. The proposals are summarized as follows:
Proposal 1: Adopt “Per Antenna” (Option A) or “Per UE” (Option B) for specifying the UE Tx core requirements for a CLTD UE.

Proposal 2: CLTD not be considered with the DC-HSUPA feature for Rel-11.
Proposal 3: Adopt “Per UE” requirement for UE maximum output power. The sum of the maximum output power at each antenna port be compared against the requirements.

Proposal 4: Introduce Class 3/3bis for Rel-11.

Proposal 5: Adopt “Per UE” requirement for UE maximum output power with HS-DPCCH and E-DCH. The sum of the maximum output power at each antenna port be compared against the requirements.

Proposal 6: Use the existing CM and MPR formula for CLTD.

Proposal 7: Adopt “Per Antenna” requirement for UE relative code domain power accuracy.

Proposal 8: Use the existing requirements on each antenna port for UE relative code domain power accuracy.
Proposal 9: Adopt “Per Antenna” requirement for frequency error.

Proposal 10: Use the existing requirements on each antenna port for frequency error.

Proposal 11: Do not introduce open loop power control requirement for CLTD.

Proposal 12: Adopt “Per Antenna” requirement for inner loop power control.

Proposal 13: Use the existing requirements on each antenna port for inner loop power control.
Proposal 14: Do not introduce minimum output power requirement for CLTD.

Proposal 15: FFS for out-of-syncronization handling of output power.

Proposal 16: Adopt “Per Antenna” requirement for transmit OFF power.

Proposal 17: Use the existing requirements on each antenna port for transmit OFF power. Clarify that this requirement is applicable only when the UE turns off both Tx chains.

Proposal 18: Do not introduce transmit ON/OFF time mask requirement with PRACH for CLTD.

Proposal 19: FFS for transmit ON/OFF time mask requirement with discontinuous uplink DPCCH transmission for CLTD.

Proposal 20: Adopt “Per Antenna” requirement for change of TFC.

Proposal 21: Use the existing requirements on each antenna port for change of TFC.

Proposal 22: FFS for power setting in uplink compressed mode requirement for CLTD.

Proposal 23: Adopt “Per Antenna” requirement for HS-DPCCH.

Proposal 24: Use the existing requirements on each antenna port for HS-DPCCH.

Proposal 25: Adopt “Per UE” requirement for occupied bandwidth.

Proposal 26: Occupied Bandwidth is defined by Max(Upper Frequency1, Upper Frequency2)  Min(Lower Frequency1, Lower Frequency2.

Proposal 27: Use the existing requirements for occupied bandwidth.

Proposal 28: FFS for SEM requirement for CLTD.

Proposal 29: FFS for ACLR requirement for CLTD.

Proposal 30: FFS for spurious emissions requirement for CLTD.

Proposal 31: Adopt “Per Antenna” requirement for transmit intermodulation.

Proposal 32: Use the existing requirements on each antenna port for transmit intermodulation.

Proposal 33: Adopt “Per Antenna” requirement for transmit pulse shape filter.

Proposal 34: Adopt “Per Antenna” requirement for EVM.

Proposal 35: Use the existing requirements on each antenna port for EVM.

Proposal 36: Adopt “Per Antenna” requirement for peak code domain error.

Proposal 37: Use the existing requirements on each antenna port for peak code domain error.

Proposal 38: Adopt “Per Antenna” requirement for relative code domain error.

Proposal 39: Use the existing requirements on each antenna port for relative code domain error.

Proposal 40: Adopt “Per Antenna” requirement for phase discontinuity for uplink DPCH.

Proposal 41: Use the existing requirements on each antenna port for phase discontinuity for uplink DPCH.

Proposal 42: Adopt “Per Antenna” requirement for phase discontinuity for HS-DPCCH.

Proposal 43: Use the existing requirements on each antenna port for phase discontinuity for HS-DPCCH.

Proposal 44: Adopt “Per Antenna” requirement for phase discontinuity for E-DCH.

Proposal 45: Use the existing requirements on each antenna port for phase discontinuity for E-DCH.
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