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1 Introduction 

Recent discussions on channel selection transmit diversity (TxD) identified the need to better understand its benefit.  In this contribution, we consider the potential for a reduction in power consumption from the use of channel selection TxD, and the conditions under which benefits can accrue.   Based on these observations, we make recommendations on specifying channel selection TxD in Release 11.

2 UE power savings benefits 
We base our analyses on those done for battery savings in the study on HSPA uplink closed loop transmit diversity [1].  These analyses considered the change in required PA power based on the PAs’ efficiency.  Two example PA technologies were considered: one with 3 gain stages and one using dynamic voltage scaling (DVS, also called “average power tracking”).     Transmit chain architectures were studied based on these PAs including those that had two full power (24 dBm) PAs, one full power PA and one half power (21 dBm) PA, and an architecture with two half power PAs.  This contribution considers the use of 3 stage PAs with two half power PAs and one full and one half power PA, as well as two full power dynamic voltage scaling  PAs.

Figure 1: Examples of transmit chain architectures for a two transmit antenna UE.
The efficiencies used in [1] are shown in Figure 2.   One observation from these curves is that half power 3 stage PAs are significantly more efficient than their full power counterparts at higher transmit powers (10 dBm and above).  A second observation is that the dynamic voltage scaling PA is even more efficient over a range of higher transmit powers (around 10 to 18 dB), although it is somewhat less efficient than the half power PA outside of this range.  In general, one can see that different PA implementations tend to have significantly different efficiencies and power levels where they are the most efficient.  We therefore use these values as examples, recognizing that different implementations could yield other results.
[image: image1.emf]-20 -10 0 10 20

0

5

10

15

20

25

30

35

40

45

Transmit Power (dBm)

Power Added Efficiency (%)

Power Amplifier Power Added Efficiency

 

 

3 Stage: Full Power

3 Stage, Half Power

Dynamic Voltage Scaling


Figure 2: Power Added Efficiency versus transmit power for various PA technologies.
We can approximate the power used by the PAs by scaling the output power by the efficiency, and assuming a power reduction due to diversity gain.  Prior studies of PUCCH channel selection TxD [2]
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[3] show approximately one dB of diversity gain.  If we assume 1 dB diversity gain with equal transmitted power, we obtain the results in Figure 3 below, which plots the supply power used by the power amplifiers against the RF output power needed for single antenna transmission.  We consider single antenna transmission using a 3 stage full power PA, TxD transmission with one full and one half power PA, and TxD transmission with two half power PAs.  We first observe that the PAs can consume up to 650 mW.  While the significance of this amount of power naturally depends on UE implementation, it can be a large part of the total power consumed by a UE; the largest value suggested in [1] for the power from the non-PA part of a UE was 590 mW.  Therefore, when PUCCH is transmitted frequently (and therefore data traffic is “downlink heavy”), substantially reducing PUCCH transmission power can substantially reduce total current drain in the UE.
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Figure 3: Total power used by (3 stage) PAs versus Tx power for different transmit chain architectures.
The power used for one transmit antenna or two diversity full power PAs with dynamic voltage scaling is shown in Figure 4.  The curves have similar behaviour, consuming significant amounts of supply power at high transmit power levels.
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Figure 4: Total power used by DVS PAs versus transmit power for different transmit chain architectures.
Figure 5 below shows the savings from transmit diversity relative to single antenna transmission, calculated as the difference in supply power used and assuming 1dB link level gain for TxD.  We can see that at high power levels, TxD schemes tend to save substantial amounts of power, but at lower power levels there can be some loss.  The two half power PA scheme appears to provide the most consistent gain, saving on the order of 20 to 120 mW for power levels above 10 dBm.  The half + full power combination saves substantial amounts of power from 10-15 dBm, but exhibits some loss elsewhere.   Finally, using 2 full power DVS PAs can provide gains above 18 dBm, but these gains are not too significant for power levels less than 20 dBm.
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Figure 5: Battery power saving versus transmit power for different transmit chain architectures.
Because the battery power saving varies with Tx power level, the overall benefit of TxD can be different according to probability distribution of the power levels in the scenario in which it is used.  Here we consider two examples: 3GPP case 1 2D and 3GPP case 1 3D, using open loop power control and 10 dB average SNR targets as was done in recent studies [4]
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[5].  Details of the system simulation parameters are provided in the appendix.  Figure 6 below shows cumulative distribution functions (CDFs) of UE transmit power in these two scenarios.  One can see that the 2D model has significantly less transmit power than the 3D model, which is a result of the antenna patterns used.  We observe that about 12% of the UEs for Case 1 2D transmit at power levels of 10 dBm or higher, where TxD can be beneficial.   The 3D case is rather larger: 35% or so of the UEs will transmit at power levels where TxD can be beneficial.
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Figure 6: CDF of UE transmit power
Given the distributions of transmit power, we can calculate the average power consumed for the single antenna and diversity configurations based on the approach of [1].  Since transmit diversity only tends to perform well at higher transmit powers, we assume that it is activated only at or above 10 dBm for the 3 stage PA designs, and at or above 18 dBm for the DVS based architectures.  We consider the power consumption only in the conditions when TxD may be activated, calculating it for single antenna and TxD.  The reduction in transmit power from TxD relative to single antenna can then be calculated, and is shown in Table 1.

Table 1: Power Reduction for Case 1 2D and 3D Models
	
	Power Reduction: Case 1 2D
	Power Reduction: Case 1 3D

	non-PA Overhead
	2 Half Power
	Half + Full
	DVS
	2 Half Power
	Half + Full
	DVS

	0 mW
	33%
	21%
	3.0%
	23%
	6.2%
	8.4%

	590 mW
	8.4%
	5.5%
	0.5%
	7.2%
	2.0%
	2.1%


We observe that the average efficiency improvement in terms of PA power alone can be substantial for the 3 stage PA designs: up to 33% for the two half power PA case, and 6-21% for the full + half power PA architecture.   The DVS based architecture can provide some gain, but not as much: at most about 8%.  
When the total power consumption of the UE is considered, the relative gains are naturally reduced.  One value from [1] that was discussed for HSPA for the total power of the UE, except for that consumed by the power amplifiers was 590 mW.  However, other analyses in [1] (drawn from [6]) felt that power is budgeted for subsets of the UE, and preferred that only baseband, RF, and PAs should be accounted for in these comparisons. Consequently this 590 mW can be too large.  We therefore consider that 590 mW may be on the high end, and net gains should be somewhere between that from 590 mW and from the PAs only (0 mW).  When 590 mW is used, the net gains shrink.  There are still observable gains of 7-8% for the half power PAs, limited gains of 2-5% for the ½ power + full power PA case and even less (0.5-2%) for the DVS PAs.
Channel selection can support up to 4 Ack/Nack bits for FDD MIMO. Therefore, it is worthwhile examining how often downlink geometry is suitable for MIMO to be configured when UE Tx Power is high enough for TxD to be beneficial.  Figure 7 below shows CDF of geometry when UE Tx Power is at least 10 dBm.  Curves are provided for 3GPP Case 1 2D and 3D models, for the cases where frequency reuse of 1 is used and when interference coordination is used.  As an initial investigation of the impact of interference coordination, we approximate interference coordination as removing the average power of the strongest interferer from the total interference that seen by the UE from the frequency reuse one case.
By assuming that MIMO is configured at 7 dB or above (based on the results of [8] in that paper’s Figure 7, and as discussed in [3]), we can determine the fraction of locations in a cell where MIMO UEs might benefit from channel selection TxD.   For the 2D scenario, about 1.4% or 4.7% of UEs, when reuse one or interference coordination is used, respectively, would benefit from TxD while configured for MIMO.  MIMO UEs in the 3D scenario have much more potential for benefit: about 18% and 37% could benefit from TxD.
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Figure 7: CDF of downlink geometry for UEs with Tx power at least 10 dBm
3 Conclusions

Channel selection Tx diversity has the potential to substantially reduce power amplifier current drain for UE implementations that use certain power amplifier designs.  The benefit comes when the UE frequently transmits PUCCH at relatively high transmit power, and relies on the network configuring the UE to use PUCCH TxD only under these conditions.   
Example scenarios such as 3GPP Case 1 2D and 3GPP Case 1 3D show that relatively high PUCCH transmit power can occur for more than just “cell edge” UEs.  About 12% and 35% of the UEs transmit above 10 dBm, for 3GPP Case 1 2D and 3D, respectively.  Furthermore, high UE transmit power can be even in channel conditions where downlink geometry is sufficient to support downlink MIMO.   In 3GPP Case 1 3D, when the UE transmits 10 dBm or more and interference coordination is used, up to 37% of the time the UE is in geometries favourable to MIMO.
Given that the benefit of TxD for any PUCCH format depends on UE architecture, we believe it is natural that channel selection TxD be added to the existing Rel-10 capability for PUCCH TxD.  Adding channel selection will complete the PUCCH TxD feature, ensuring that the benefit of TxD is available to all PUCCH modes.

Furthermore, since PUCCH TxD is a UE capability, networks will need to deploy it frequently enough such that it is worthwhile for UEs to implement.  This means that channel selection TxD should not impact PUCCH multiplexing capacity more than necessary, in order to not discourage networks from using it.  Therefore, a resource efficient PUCCH TxD scheme should be specified.  Similarly, all HARQ states should be supported in order to maintain downlink throughput and consistency with Rel-10.
Overall, we propose to:
· Confirm the working assumption from RAN1-66bis on PUCCH TxD channel selection copied below:
· “Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection 

· For format 1b transmit diversity with channel selection 
· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 
· FFS the number of PUCCH resources used in TDD 
· If possible, strive for a common solution between FDD and TDD”
· Add channel selection to Rel-10 PUCCH TxD UE capability ‘two-AntennaPortsForPUCCH-r10’

· Support all Rel-10 HARQ states for 2, 3, & 4 A/N bits
· For FDD: Use 4 resources used for 2, 3, and 4 A/N bits

· Data are simultaneously transmitted on 2 different resources (1 per antenna)

· For TDD: Support one of the two alternatives below:

· Data are simultaneously transmitted on 2 different resources (1 per antenna),  -or-

· Data are transmitted on 1 resource on a selected antenna
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Appendix: Simulation Assumptions

Table 2: System simulation assumptions
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	SNR target PUCCH
	10 dB

	PUCCH Power control
	Ideal open loop with Alpha=1

	Channel 
	3GPP Case 1, 2D and 3D models [7]

	Fading 
	Only shadow fading modelled

	Number of cells
	57 (wrap around)
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