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1. Introduction
Discussions on LTE-A uplink power control [2]

 REF _Ref276976430 \r \h 
[3]

 REF _Ref276976431 \r \h 
[4]

 REF _Ref273993494 \r \h 
[5]

 REF _Ref276976433 \r \h 
[6]

 REF _Ref276976434 \r \h 
[7] have make the following conclusions and observations:
Agreements:
· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

· In case of ks=0, power is divided between transmitting antennas in accordance with the ratio of the precoding weights (assuming no antenna gain imbalance compensation)

FFS (discuss offline during this week):

· Antenna gain imbalance compensation

· delta_TF for multiple layers / multiple codewords

· use of values of ks other than zero

R1-105805
Way Forward on Antenna Gain Imbalance Compensation and delta_TF for Multiple Codewords/ Multiple Layers
CATT, Ericsson, ST-Ericsson,  Fujitsu, LGE, Motorola, Nokia, Nokia Siemens Networks, Sharp, ZTE

Continue discussion at RAN1#63. If no consensus, default is no AGI compensation in Rel-10. 

This contribution addresses the remaining issues including AGI compensation, power control equation, and power headroom report.
2. AGI Compensation 

Consider the following data model for the example of 2-Tx UL-MIMO. 
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where 

· 
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 is zero-mean complex additive white Gaussian noise with a power spectral density of 
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· 
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 is the channel matrix 

· 
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 are the input to each of the two PAs and 
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for rank-1 transmission and rather independent in rank-2 transmission (assuming
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is the linear value of AGI [1] between antenna #1 and #2 (assume #2 the less efficient antenna) 
· 
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 and 
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 are the PA power applied onto antenna #1 and #2, respectively. Note that:
· 
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 (i.e., each PA’s “size” does not exceed the total per-UE Pcmax, but total PA size must be equal or larger than Pcmax) 
· 
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(i.e., max total power can only be Pcmax, due to SAR requirement for example)
Two terms need to be defined here to facilitate later discussion:

· Total conduced power is 
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, which is the total PA power. It closely relates to power consumption, but not linearly.  
· Total radiated power is 
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. In the case without AGI, the radiated power is 
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. Radiated power directly relates to received SNR at eNB and throughput/capacity.
The so-called “AGI compensation” needs some further clarification/study. We can consider three different practices discussed and tabulated below:

· Practice #1: Full compensation of AGI compensation (i.e., increase
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), while keeping the same 
[image: image22.wmf]2

1

p

, i.e., 
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. The radiated power increases to
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. The total conducted power is also increased to
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· Practice #2: Keep the radiated power the same while reducing imbalance by increasing 
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(AGI compensation under unchanged radiated power). Same radiated power means the same SINR at eNB. Whether AGI compensation is applied or not, the total radiated power level can be assumed the same which means the same resulting SINR and IoT. If radiated power of antenna #2 increases due to AGI compensation, 
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of antenna #1 needs to be reduced, even though at less amount, in order to keep the total radiated power unchanged. Note that the total conducted power in this case also increase.

· Practice #3: Keep the total conducted power unchanged. Based on the analysis and simulation results in [2]

 REF _Ref276976430 \r \h 
[3], putting more power on the weak antenna is expected to result in reduced throughput under this operational condition. So it is found that a better practice is to put more power on the better antenna (i.e., antenna #1), which means increased imbalance for this case (instead of the term “AGI compensation”). Increasing 
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and decreasing  
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by the same amount will result in increased radiated power.
We can observe that AGI compensation, if defined as the practice of reducing imbalance, generally results in at least increased conducted power, maybe along with increased radiated power unless same radiated power is forced since increased radiated power may hurt system throughput and operation. The cost of increased conductive power is power consumption. When a UE operates at “high” power region (i.e., high
[image: image30.wmf]2

2,

noAGI

p

), AGI compensation will increase the power consumption significantly, thus AGI compensation is not a good practice in those cases.

Table 1. “AGI Compensation” Practices
	
	AGI Compensation (Practice #1: Full AGI compensation while keeping the same 
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	AGI Compensation (Practice #2: reducing imbalance under same radiate power)
	AGI Compensation (Practice #3: increasing imbalance under same conducted power)

	Conducted power (no AGI compensation:

[image: image32.wmf]22

1,,2,

22

1,2,

:

noAGInoAGI

noAGInoAGI

pp

totalpp

+

)
	
[image: image33.wmf]22

1,1,

222

2,2,

22

1,2,

222

1,2,

,

/

:

/

AGIcompnoAGI

AGIcompnoAGI

AGIcompAGIcomp

noAGInoAGI

pp

pp

totalpp

pp

a

a

=

=

+

=+


	
[image: image34.wmf]22

1,1,

22

2,2,

22

1,2,

22

1,2,

,

:

AGIcompnoAGI

AGIcompnoAGI

AGIcompAGIcomp

noAGInoAGI

pp

pp

totalpp

pp

<

>

+>

+


	
[image: image35.wmf]22

1,1,

22

2,2,

22

1,2,

22

1,2,

,

:

AGIcompnoAGI

AGIcompnoAGI

AGIcompAGIcomp

noAGInoAGI

pp

pp

totalpp

pp

>

<

+

=+



	Radiated power (no AGI compensation: 
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	Observation
	Full compensation of AGI while maintaining the same power for antenna #1. Both conducted and radiated power increase. 
	Increase 
[image: image40.wmf]2

2,

AGIcomp

p

 over 
[image: image41.wmf]2

2,

noAGI

p

to reduce imbalance, 
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must decrease, though at less amount. Total conducted power increases.  
	Decrease 
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to increase imbalance, 
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 increases, though at less amount. Total radiated power increases.


With the understanding that any potential gain of AGI compensation is mainly in the “low” power region [3], there are a few questions that may not be easy to answer:

· What is the potential gain of AGI compensation under the same radiated power?

· What is the “high” and “low” power region? How does an eNB reliably know if a UE operates in which region?

· What is the implication of per-antenna power control for AGI compensation?

Potential gain of AGI compensation in the “low” power region?
It is expected that gain will be manly reflected in rank-2 transmission. For rank-1 transmission, it is expected that the optimal MRT practice calls for distributing more power to antenna #1 than #2, which means even more radiated power imbalance. Any effort of balancing the radiated power between two antennas will be suboptimal from the antenna efficiency perspective. But a more balanced antenna does mean a somewhat improved precoding gain. It is expected though that this kind of gain is far insignificant compared to the potential gain that can be achieved in rank-2 cases, once with more balanced received quality. 

For 4-Tx case, AGI compensation between two antennas associated with the same TB may not be necessary since it is a rank-1 TB. Even if it is a rank-2 TB as for both TBs in rank-4 cases or only the second TB in rank-3 cases, the potential gain of balancing the radiated power between antenna pair corresponding to the same TB needs more study. 
Definition of “high/low” power region?
A sensible demarcation of “high” and “low” power regions is not easy since it depends on the PA architecture (e.g., PA “size” and DC biasing technology – dual-stage or DC-to-DC conversion, etc.). Moreover, in addition to PA power consumption, the power consumption of D/A conversion may also be a factor. It was found that turning off the second transmission chain in case of AGI can achieve a significant power saving. 

Due to the power control and PHR inaccuracy, the eNB may not know the operational region of each PA accurately. Hence, even if a threshold of “high/low” region can be defined, eNB may not know accurately the region in which each PA is operating. A mistake can result in significant power consumption.

Implication of per-antenna power control for AGI compensation? 

On the high level, AGI compensation is to allow eNB to adjust the power on a per-antenna level. Given that the power control equation depends on the MCS of a TB, such per-antenna power control will inevitably make the power control dependent on TB-to-layer mapping and on the precoder which basically specifies the layer-to-antenna mapping. Such dependency can make the power control very complicated, because the eNB has to observe the implication of a change in TB-to-layer and layer-to-antenna mappings as eNB makes dynamic UL assignment. It is also possible that the PA architecture can not support all the different per-antenna power settings. For a UE to support different per-antenna power setting under all possible mappings may force additional burden on the UE’s PA architecture.

Proposal:

More careful investigation is needed to understand better the potential gain of AGI compensation in the “low” power region and the implementation implication of per-antenna power control, and to accurately define the high/low power region under current reporting inaccuracy. Hence we suggest not supporting AGI compensation with per-antenna power control in Rel-10 time frame.       
3. Power Control Equation 
In Rel-8, the setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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When extending it to multi-antenna cases, we see the need to discuss the following parameters: 
· 
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(In Rel-8, it is the configured UE transmitted power, taking into account any MPR, AMPR)
· PL (In Rel-8, PL is the downlink pathloss estimate calculated in the UE in dB)

· 
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 is given by the UE specific parameter deltaMCS-Enabled provided by higher layers)

The following parameters may not need any change:

· 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.

· 
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is a parameter composed of the sum of a cell specific nominal component 
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 provided by higher layers for j=0 and 1. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1.

· For j =0 or 1, 
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 is a 3-bit cell specific parameter provided by higher layers for fractional pathloss compensation.
· 
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 is a UE specific correction value, also referred to as a TPC command and is included in PDCCH with DCI format 0 or jointly coded with other TPC commands in PDCCH with DCI format 3/3A. 

3.1. Single PL or per-antenna PL 

In Rel-8, pathloss is derived from RSRP that can be estimated from both receive antennas in RRC-connected mode. But in sleep mode, RSRP can be estimated from a single Rx antenna for power conservation. The difference in RSRP clearly related to AGI, especially if it is mainly caused by hand-gripping. However, other than for per-antenna power control, there is no reason to use per-antenna PL in the power control equation. Similarly, there is no need for changing the cell-specific fractional PL compensation parameter 
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 to be something antenna specific will defeat the purpose of having cell-specific PL compensation for optimizing the overall UL system capacity. 
As to using per-antenna PL for per-antenna power control, it is related to the previous AGI compensation discussion. Even if per-antenna PL is used to possible AGI compensation, it is not clear the effectiveness of applying a cell-specific fractional compensation on the per-antenna PL, as opposed to introducing a UE-specific term to allow changing the power between antennas. 
Proposal:

· Use a single PL in the power control equation as defined in Rel-8.
3.2. Pcmax in multi-antenna transmission mode

In the case of two TBs, their total max transmit power is subject to 
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of course. But when transmitting a TB from half of the antennas (e.g., using the 2 “antenna selection” 2-Tx PMIs when transmitting one TB from only one antenna, or using a rank-2 PMI, or using the 8 rank-1 4-Tx PMIs that map one TB to 2 out of 4 antennas), requiring per-TB power to be able to reach 
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could mean that the half of the antennas associated with the TB should be able to output the max power defined for a UE. This requirement will certainly add implementation complexity to PA architecture, even though a UE can already support single-antenna transmission mode.   To reduce such complexity, one possibility is to define max per-TB power as a fraction of 
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is the number of antenna that TBk is mapped to and 
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is the total number of antennas at the UE. Note that in single antenna mode where 
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which means UE still need to achieve 
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Proposal:

· In order not to require UE to achieve Pcmax when transmitting a TB from half of antennas, cap the per-TB Tx power to 
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is the number of antenna that TBk is mapped to and 
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is the total number of antennas at the UE)
3.3. 
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in 2-TB UL-MIMO
The question of whether to have per-TB 
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is of importance here. In Rel-8, this option is used if eNB wants to have dynamic power offset via MCS control. One use case is when MCS is reduced due to buffer size reduction while the RB allocation has not been reduced. 

In the context of UL-MIMO, it is possible to use
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 to control the power on a pre-TB basis, which is also per-antenna in case of 2-Tx rank-2. However, it may also have some unintended consequences. First, for a SIC receiver at eNB, the second TB can have better MCS due to interference cancellation receiver implementation. But it does not mean that a UE should increase the Tx power for the 2nd TB in relation to the 1st TB. Secondly, the implication on PA architecture to support unequal TB power can be significant, especially when operating at high power region. Basically, due to the TB-to-antenna mapping defined by the precoding matrix, corresponding PAs corresponding to some antennas will be required to output more power than the other antennas. This may not always possible at high output power unless PAs are provisioned to do so. Note that which PA(s) will need to be “over provisioned” depends on the TB-to-antenna mapping defined by PMI. So to support the TB-to-antenna mapping of all possible PMIs, all the PAs may need to be over provisioned. 

In order not to add additional complexity/cost for supporting unequal TB power, we propose:

· If per-TB 
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 is supported (i.e., 
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) for potential unequal per-TB power control and perhaps for alignment with Rel-8, introduce a cap to the per-TB Tx power as 
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3.4. PUSCH power control equation in multi-antenna transmission mode
In Rel-10 carrier aggregation (CA), there will a TB on each component carrier in case of no UL-MIMO, with a Pcmax,c defined for each CC. To extend to 2-TB case, we propose: 
· PUSCH single-antenna transmission mode: Same power control equation as agreed for carrier aggregation 

· PUSCH multi-antenna transmission mode: Extending the power control equation to, for TBk (k=0 or 1),
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and for each antenna associated with TBk (k=0 or 1), the power setting is simply 
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where 
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is the total number of antennas at the UE.  

4. Power Headroom Report  

In CA, one CC may be associated with a separate PA (typically in inter-band CA) or intra-band CCs may share one PA. The power headroom in the two cases can be different. To accommodate both implementations, it was agreed that separate Pcmax,c will be reported along with PHR. The question for multi-antenna PHR is whether a per-antenna Pcmax or PHR needs to be reported.

We noted that with the above power control equation, the power setting at each antenna is well defined: the power setting for the antennas associated with the same TB is always equal and the power setting for TB-1 and TB-2 is the same if Ks=0 or dependent on their respective MCS if Ks=1.25. Such setting on relative powers always applies, regardless of the PA architecture or PHR. In other words, even if per-antenna Pcmax or per-antenna PHR is reported, the above power setting rule is still the same. Therefore, the only potential use of per-antenna Pcmax or PHR report is for eNB to observe the potential power limit on each TB due to the Pcmax or PHR of some antennas. But those reports seem unnecessary if we know that the max power for TB-k is set to be 
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. Such report seems more useful only if per-antenna power control is adopted where per-antenna Pcmax also conveys PA architecture limitation/information for eNB to observe. For the same reasons mentioned during AGI compensation discussion, per-antenna Pcmax and/or per-antenna PHR is not recommended in Rel-10 time frame.
Proposal:

· No per-antenna Pcmax report or per-antenna PHR in Rel-10 time frame
· PHR for PUSCH multi-antenan transmission mode
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5. Conclusion:

In this contribution, we make the following proposals:

· More careful investigation is needed to understand better the potential gain of AGI compensation in the “low” power region and the implementation implication of per-antenna power control, and to accurately define the high/low power region under current reporting inaccuracy. Hence we suggest not supporting AGI compensation with per-antenna power control in Rel-10 time frame.    
· PUSCH single-antenna transmission mode: Same power control equation as agreed for carrier aggregation 

· PUSCH multi-antenna transmission mode: Extending the power control equation to, for TBk (k=0 or 1),
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and for each antenna associated with TBk (k=0 or 1), the power setting is simply 
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where 
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· Use a single PL in the power control equation as defined in Rel-8

· In order not to require UE to achieve Pcmax when transmitting a TB from half of antennas, cap the per-TB Tx power to 
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· If per-TB 
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 is supported (i.e., 
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) for potential unequal per-TB power control and perhaps for alignment with Rel-8, introduce a cap to the per-TB Tx power as 
[image: image97.wmf]CMAX, linear

k

TB

T

N

P

N


· No per-antenna Pcmax report or per-antenna PHR in Rel-10 time frame

· PHR for PUSCH multi-antenan transmission mode
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