Page 1

3GPP TSG-RAN WG1 #66
R1-112554
August 22nd – 26th, 2011
Athens, Greece
Agenda item:
6.7.4
Source: 
Qualcomm Incorporated
Title: 
Power control enhancements for UL MIMO
Document for:
Discussion and Decision
1
Introduction
In Rel-10, regarding power control for UEs with multiple transmit antennas, the following agreements have been adopted:

· No per antenna fast TPC commands - i.e. single TPC command

· Single path-loss estimation 

· Only KS=0 is supported
In this contribution, we provide our views on power control for UL MIMO with KS≠0 to be considered as part of the SI.
2
Discussion
2.1
Power Control in LTE Rel-8

In LTE Rel-8, the UE transmission power for the PUSCH in subframe i is given by [1]:
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When higher layer configures KS to be 0, the DeltaTF: 
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will be set to 0 as well. On the other hand, when higher layer set KS to be 1.25, the DeltaTF is defined as follows [1]:
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where the parameter MPR is defined as: 
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, which basically characterizes the spectral efficiency of the scheduled PUSCH transmission and is derived from the scheduled MCS index (see also Appendix 1).
2.2
Benefits of Allowing KS=1.25 in LTE Rel-8 and Rel-11
When KS is set to 0, in order to maintain a reasonable BLER, eNB will only be able to schedule a limited set of MCS values to the UE. In some scenario, when the UE is power controlled at a low level, assuming the UE is not power-limited, at a particular moment, the eNB wishes to clear the buffer of the UE as soon as possible, e.g. in one shot PUSCH transmission. Clearly, KS=0 option does not work here without resorting to occupy too much system bandwidth. However, by setting KS>0, with MCS dependent DeltaTF compensation, conceptually, eNB has freedom to schedule any MCS value to the UE while still maintaining the target BLER. In this way, the buffer at the UE could be cleared in one shot.
Following the same philosophy as in Rel-8 designs, our proposal is as follows: 

· allowing KS>0 in LTE Rel-11 to provide the eNB flexibility to schedule MCS for the UE
· the same KS value as in Rel-8, i.e. 1.25, is adopted

· for multi-codeword transmission in Rel-11, the codewords should be power boosted according to the scheduled MCS values

· power balance between codewords should be maintained
2.3
Proposed Power Control for Rel-11 with KS=1.25 
Respecting the agreements already made on UL MIMO power control, in an effort to minimize the changes relative to Rel-8, the proposed power control formula for MIMO PUSCH is as follows:
· 
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· For single-codeword transmission, 
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 follows Rel-8 definition
·  
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· For multi-codeword transmission, 
[image: image8.wmf])

(

i

TF

D

 is modified as follows:
· 
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(2)
· a simple extension of Rel-8 DeltaTF definition to multi-codeword transmission
The exact definitions of some used parameters in the above equations as described as follows: 
· 
[image: image10.wmf]Scheduled

MCS

0

: the MCS scheduled to be used by TB 0 in the scheduled PUSCH transmission
· 
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: MPR characterizing spectral efficiency per RE in each layer that codeword 0 is mapped onto; derived from the scheduled MCS for codeword 0
· 
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: the MCS scheduled to be used by TB 1 in the scheduled PUSCH transmission
· 
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: MPR characterizing spectral efficiency per RE in each layer that codeword 1 is mapped onto; derived from the scheduled MCS for codeword 1
2.4
Simulated Performance of Proposed Power Control with Ks=1.25
In order to evaluate the proposed power control for UL MIMO as defined by eq. (1) and (2), we have performed link level simulations to check the BLER behavior when we change the scheduled MCS to different values relative to the original MCS (the MCS value having the target BLER when there is no DeltaTF compensation). The following power control schemes are compared: 

· no DeltaTF compensation, i.e. 
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· with DeltaTF compensation as defined in eq. (2) , i.e. 
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In Table 1, we have listed the assumptions in our simulations. 
Table 1. Link Simulation Assumptions

	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH txmn bandwidth
	6RBs

	Channel model
	PedA, TU, 3kmph

	Antenna configuration
	2x4

	Tx/Rx antenna correlation
	0.0

	Channel estimation
	Ideal

	SRS period
	5ms

	Scheduling delay
	4ms

	Link adaptation
	ON

	Rank adaptation
	ON

	PUSCH target BLER at 1st txmn
	10%

	MCS Scheduling Step Size
	0, 4, 8, 12

	Receiver for PUSCH data
	MMSE

	KS for TxPowerControl
	1.25
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Figure 1. BLER of 1st txmn without DeltaTF compensation (Left: PedA Right: TU)
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Figure 2. BLER of 1st txmn with DeltaTF compensation as defined in eq. (2) (Left: PedA Right: TU)
From the BLER results shown in Figs. 1~2, ones can see that the proposed DeltaTF in eq. (2) works correctly in the sense that the power compensation with the help of DeltaTF as defined in eq. (2) will be able to render the transmitted transport blocks with adjusted MCS also see practical BLER (around 10%) for the first transmission as seen with the original MCS values (MCS_stepsize=0).
3
Conclusions 

In this paper, we have provided a design proposal for UL MIMO power control with KS=1.25. We recommend discussing the proposed power control formula below as part of the SI:
· 
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· For single-codeword transmission, 
[image: image21.wmf])

(

i

TF

D

 follows Rel-8 definition for
·  
[image: image22.wmf](

)

1

2

log

10

)

(

0

10

-

=

D

×

Scheduled

S

MPR

K

TF

i


· For multi-codeword transmission, 
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 is modified as follows:
· 
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· The total transmission power is equally divided among antennas (excluding zero power antennas)
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Appendix 1: DeltaTF in LTE Rel-8

In LTE Rel-8, 
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 with KS=1.25 matches the required SNR to have 10% BLER well (see Figure A-1) for each MCS level since it essentially models the Gaussian channel capacity with a gap characterized by KS: 
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Figure A-1. DeltaTF vs MCS
In Figure A-2, BLER of different MCS levels under AWGN channel is shown.
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Figure A-2. AWGN BLER
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