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1. Introduction
The revised framework for the CSI reporting accuracy performance requirements on eDL-MIMO was agreed in [1]. In the present contribution we address the power allocations settings. A CR incorporating the proposed changes for Rel-9 is provided in [2].

The rules governing the power allocation in the UE demodulation and CSI tests are summarized in Annex A for a quick reference.

2. Power allocation in TM9 CSI tests
The power allocation in the TM9 CSI tests is characterized by the definitions 1-6 below in [1]. In the following we analyse the feasibility of these definitions.
1. 
PDSCH _RA= 0 dB, PDSCH_RB=  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver (applies to TM9 PMI tests only)
2. 
PDSCH _RA * number of layer = 0 dB, PDSCH_RB * number of layer =  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver (applies to TM9 RI tests only)

It is noticed that the definitions 1 and 2 are not inline with the rules o and p in Annex A. Namely, the PDSCH EPRE should be equal to A or which are signalled to the UE by using the semi-static parameters PA and PB.

3. 
CSI RS_RA = A (applies to all TM9 demodulation and CSI test cases utilizing CSI-RS)

It is noticed that the current definition of the CSI-RS EPRE does not reflect the chosen CSI-RS boosting level. The definition should be modified as CSI_RS_RA = A - PC.
4. 
CSI RS_RB = B (applies to all TM9 demodulation and CSI test cases utilizing CSI-RS)
This definition is redundant as the CSI-RS never occurs at the same OFDM symbol with the CRS. 

5. 
Power setting other than A and B  in each requirement shoud be priotized than A and B (applies to all TM9 demodulation and CSI test cases utilizing CSI-RS)
The purpose of this definition is not entirely clear and it is subject to an error of interpretation. 

6. 
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The power parameters  ρA, ρB, and  PC shall fulfill the condition of a constant transmitted power spectral density (rule n in Annex A). This is studied in Table 1 below, which shows the total transmitted power per OFDM symbol in the TM9 CSI test cases.
Table 1 – Total transmitted power per OFDM symbol with ρA = ρB = PC = -3 dB
	Test case
	# antenna ports
	Total transmitted power per OFDM symbol [dB]

	
	CRS
	DRS
	CSI-RS
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	AWGN test (FDD)
	2
	2
	4
	3.0
	3.0
	0.0
	0.0
	1.2
	3.0
	3.0
	1.2
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	AWGN test (TDD)
	2
	2
	8
	3.0
	3.0
	0.0
	0.0
	1.2
	3.0
	3.0
	1.2
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	Non selective fading test (FDD)
	2
	1
	4
	3.0
	3.0
	0.0
	0.0
	1.2
	3.0
	3.0
	1.2
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	Selective fading test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Single PMI test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Multiple PMI test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Non selective fading test (TDD)
	2
	1
	8
	3.0
	3.0
	0.0
	0.0
	1.2
	3.0
	3.0
	1.2
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	Selective fading test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Single PMI test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Multiple PMI test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RI test (rank=1)
	1
	1
	2
	0.7
	0.0
	0.0
	0.0
	0.7
	1.0
	1.0
	0.7
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	RI test (rank=2)
	1
	2
	2
	0.7
	0.0
	0.0
	0.0
	0.7
	1.0
	1.0
	0.7
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0


As can be seen, the condition of a constant transmit power is not fulfilled in any of the agreed TM9 CSI tests. This is due to the following:

· 
The CRS EPRE is boosted by 3 dB relative to the PDSCH EPRE, implying that the total power of the OFDM symbols {1,5,8,12} is boosted by 0.7 – 3.0 dB compared to the other OFDM symbols.
· 
The CSI-RS EPRE is boosted by 3 dB relative to the PDSCH EPRE, implying that the total power of the OFDM symbols {6,7} is boosted by 1.0 – 3.0 dB compared to the other OFDM symbols. 
Changes on the power settings are hence needed in order to achieve a constant transmit power, and consequently, to avoid any adverse impacts e.g. in terms of the AGC operation.
In order to understand the difference between the power settings in TM4 compared to TM8 or TM9, a closer look at the physical layer processing chain is needed:
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Figure 1 –Physical layer processing chain
As highlighted above, the precoding in TM4 is carried out before the mapping to the logical antenna ports, while for the TM8/TM9 the precoding (beamforming) occurs after the mapping to the logical antenna ports. Furthermore, the total power per logical antenna port is decreased by 3 dB as a result of the dual-layer precoding as specified in 36.211. Then bearing in mind that the EPRE is defined per logical antenna port, i.e. after the precoder in TM4 and before the precoder (beamformer) in TM8 and TM9, it becomes evident that the power settings of TM4 (ρA = ρB = -3 dB) are not applicable to the dual layer test cases in TM8/9, but the impact of the beamforming needs to be compensated by ρA = ρB = 0 dB. It should be noted that this problem does not apply for the single layer transmission.
The EPRE ratio of the resource elements containing CSI-RS should be defined as PC = 3 dB in order to achieve constant transmitted power spectral density for two CSI-RS ports and more. 
The impact of these modifications on the total transmitted power is illustrated in Table 2 below:
Table 2 – Total transmitted power per OFDM symbol with ρA = ρB = 0 dB, PC = 3 dB
	Test case
	Power allocation [dB]
	Total transmitted power per OFDM symbol [dB]

	
	ρ_A
	ρ_B
	P_c
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	AWGN test (FDD)
	0
	0
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	AWGN test (TDD)
	0
	0
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Non selective fading test (FDD)
	0
	0
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Selective fading test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Single PMI test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Multiple PMI test (FDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Non selective fading test (TDD)
	0
	0
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Selective fading test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Single PMI test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Multiple PMI test (TDD)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RI test (rank=1)
	0
	0
	3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	RI test (rank=2)
	
	
	
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


As can be seen, the total transmit power is now constant in all TM9 CSI test cases throughout the OFDM symbols. 
One further implication of the above discussion is that the EPRE ratio of the control channels (PBCH, PCFICH, PDCCH) cannot be set as ρA and ρB in the TM8 and TM9 test cases with 2 CRS ports, as these channels are TXD precoded before they are mapped to the logical antenna ports, while the PDSCH is precoded after. Instead, xCH_RA = -3 dB should be adopted as to ensure a constant transmit power from OFDM symbol to symbol. The same applies to OCNG.
The meaning of the xCH_RA for the PSS and SSS is somewhat unclear because “the UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the primary synchronization signal”, as specified in 36.211. Hence the mapping of the PSS and SSS to the CRS ports could be perhaps clarified in the specification.
3. Power allocation in TM8 and TM9 demodulation tests
The power allocation in the TM8 and TM9 demodulation tests needs to be corrected as well, along similar lines as discussed in the previous section. Basically this would mean having ρA = ρB  = 0 dB for all TM8 and TM9 demodulation test cases. A question then arises whether resimulations are needed to account for the potential decrease in the decoding performance. Fortunately this seems to be not the case, due to the fact the signal part of the SNR (ES) is defined per wanted signal, hence excluding the resources with a reference signal. Consequently, the only implication of the proposed modification would be the increased CRS power (by 3 dB). No impact on the PDCCH/PCFICH error rate is expected as the dual-layer tests are carried out at relatively high SNR, 4.5 dB or more. 
4. Conclusions
In the present contribution, we address the power allocation in TM9 CSI tests. Our proposals are summarized below:
Proposal 1: 
Definitions 1, 2, 4, and 5 (see Section 2) are removed.
Proposal 2: 
The CSI-RS power allocation is modified as 
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Proposal 3: 
ρA = ρB = 0 dB, PC = 3 dB for the TM9 demodulation and CSI tests.
Proposal 4: 
ρA = ρB  = 0 dB for the TM8 demodulation tests.
Proposal 5:
 xCH_RA = -3 dB for the TM8 and TM9 tests with two CRS ports, where xCH = {PBCH, PSS, SSS, PCFICH, 





PDCCH, OCNG}
The proposals 1-5 are recommended to be incorporated in the next revision of the framework for the CSI reporting accuracy performance requirements on eDL MIMO.
A Rel-9 CR implementing the proposals 4 and 5 in TM8 can be found in [2].
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Annex A –Rules governing the power allocation in the UE demodulation and CSI test cases
a. 
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per antenna port. (36.211, 6.2.1)
b. 
Each element in the resource grid is called a resource element. (36.211, 6.2.2)
c. 
EPRE: Energy Per Resource Element (36.101, 3.3)
d. 
xCH_RA: xCH-to-CRS EPRE ratio for the channel xCH in all transmitted OFDM symbols not containing CRS. (36.101, 3.3)
e. 
xCH_RB: xCH-to-CRS EPRE ratio for the channel xCH in all transmitted OFDM symbols containing CRS. (36.101, 3.3)
f. 
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E

ˆ

:
The received energy per RE of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector. (36.101, 3.2)
g. 
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N

: The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector. (36.101, 3.2)
h. 
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(36.101, 8.1.1)
i. 
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I

:
The total transmitted power spectral density of the own-cell downlink signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the eNode B transmit antenna connector. (36.101, 3.2)
j. 
The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by either 
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 or 
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 according to the OFDM symbol index as given by Table 5.2-2 and Table 5.2-3. In addition,  and 
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 and 
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UE-specific. (36.213, 5.2)
k. 
For transmission mode 9, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. (36.213, 5.2)
l. 
If CSI-RS is configured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes. (36.213, 5.2)
m. 
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P

is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size. (36.213, 7.2.5)
n. 
The total transmitted power spectral density Ior shall be kept constant throughout all OFDM symbols. (36.101, C.3.2)
o. 
PDSCH_RA = A. (36.101, C.3.2)
p. 
PDSCH_RB = B. (36.101, C.3.2)
q. 
If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 2. The parameter
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 applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. 
EPRE is defined here
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