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1. Introduction
In the present contribution we provide some further considerations on the definition of SNR in the UE demodulation and CSI tests. In addition we highlight a possible error in the power allocation for the test cases involving 4 CRS antenna ports and discuss the power offsets in Rel-10.
2. Further corrections on power allocation settings
2.1 Power offsets in Rel-10
The transmit power of each physical channel in the UE demodulation and CSI test cases is characterized by the EPRE ratios xCH_RA and xCH_RB, where 

· 
xCH_RA = xCH-to-RS EPRE ratio for the channel xCH in all transmitted OFDM symbols not containing RS,
· 
xCH_RB = xCH-to-RS EPRE ratio for the channel xCH in all transmitted OFDM symbols containing RS.

The EPRE ratios are defined in Table C.3.2 of 36.101 as
	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ (

	
	PBCH_RB = B+ (

	PSS
	PSS_RA = A+ (

	SSS
	SSS_RA = A+ (

	PCFICH
	PCFICH_RB = B+ (

	PDCCH
	PDCCH_RA = A+ (

	
	PDCCH_RB = B+ (

	PDSCH
	PDSCH_RA = A

	
	PDSCH_RB = B

	PMCH
	PMCH_RA = A

	
	PMCH_RB = B

	MBSFN RS
	MBSFN RS_RA = A

	
	MBSFN RS_RB = B

	OCNG
	OCNG_RA = A+ (

	
	OCNG_RB = B+ (


The power offsets between the PDSCH and other physical channels and signals (i.e. PDCCH, PCFICH, PBCH, PSS, SSS, OCNG) are denoted by ( and defined as:

· ( = -3 dB for the TM8 test cases with two CRS ports, ( = 0 dB otherwise (Rel-9).
· ( = -3 dB for the TM8 (Rel-10).
Furthermore the reference point for EPRE is characterized as:
· The complex-valued symbols 
[image: image1.wmf])

(

)

(

i

y

p

 and 
[image: image2.wmf])

(

,

p

l

k

a

defined in [36.211] shall conform to the given EPRE value.

· For TM8 and TM9 the reference point for [PDSCH] EPRE is before the precoder in Annex B.4 [of 36.101].
From above, it is noticed that only TM8 is accounted in the Rel-10 setting of (. However the same offset should be applied also to TM9 in order to comply with the definition of  PDSCH EPRE reference point. Furthermore the offset should apply to scenarios with 2 CRS ports only, as in Rel-9. The power offset for the other transmission modes is also unclear from the current definition (should be ( = 0 dB).
2.2 Power settings for the test cases utilizing 4 CRS antenna ports
There are 5 PDSCH test cases in 36.101 utilizing 4 CRS antenna ports, as shown below (the corresponding TDD test cases being omitted):
	
	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	TXDIV
	8.2.1.2.2-1
	1.4 MHz
	R.12 FDD
	OP.1 FDD
	EPA5
	4x2 Medium
	70
	0.6
	1-5

	TXDIV
	8.2.1.2.2-2
	10 MHz
	R.13 FDD
	OP.1 FDD
	ETU70
	4x2 Low
	70
	-0.9
	1-5

	OL-SM
	8.2.1.3.2-1
	10 MHz
	R.14 FDD
	OP.1 FDD
	EVA70
	4x2 Low
	70
	14.3
	2-5

	CL-SM1
	8.2.1.4.1A-1
	10 MHz
	R.13 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	-3.2
	1-5

	CL-SM2
	8.2.1.4.3-1
	10 MHz
	R.36 FDD
	OP.1 FDD
	EPA5
	4x2 Low
	70
	14.7
	2-5


The following is defined with regard to the transmitted power spectral density 
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 in Annex C.3.2.2:

· 
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shall be kept constant throughout all OFDM symbols
For the two transmit diversity tests, the above rule is satisfied by setting 
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= -3 dB as to account for the FSTD nature of TM2 with 4 antenna ports. 
For the three spatial multiplexing tests, the PDSCH EPRE ratio is defined 
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= -6 dB, hence ensuring that the total energy transmitted in the time-frequency units carrying CRS is the same as in the time-frequency units carrying PDSCH. However this also means that the power allocation for the other physical channels, most importantly PDCCH and PCFICH, is 
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= -6 dB.
Keeping in mind that the correct power setting for the transmit diversity precoding and 4 TX antenna ports is 
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= -3 dB, it it observed that the PDCCH/PCFICH power in the SM test cases with 4 antenna ports is 3 dB lower compared to the other UE demodulation tests. In addition to violating the requirement of constant 
[image: image13.wmf]or

I

, a question arises whether the assumption of the error-free control transmission would be valid anymore for the single-layer SM test (8.2.1.4.1A-1). Note this particular test is carried out at a very low SNR (-3.2 dB for FDD, -3.5 dB for TDD).
The impact of the control channel errors in the UE demodulation test cases has been discussed in the RAN4 Ad-Hoc meeting #2010-2. As an outcome of those discussions, the performance requirmements of the following scenarios were relaxed according to the performance degradation identified in [1]:

· single antenna port test 5: relaxation = 0.5 dB

· transmit diversity 4 TX test 1: relaxation = 0.4 dB

· single-layer spatial multiplexing 2 TX test 2: relaxation = 0.5 dB

· single-layer spatial multiplexing 4 TX test 1: relaxation = 0.2 dB
The performance requirement of the single-layer SM test was relaxed by 0.2 dB, hinting that the performance of this test is already limited by the PDCCH/PCFICH performance, even in the case of a correct power setting.

The impact of the decreased transmitted power is exemplified in Figure 1 below, which shows the PDCCH/PCFICH BLER for the 4TX SM test 8.2.1.4.1A, assuming a correct power allocation.
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Figure 1 – PDCCH/PCFICH performance for the 4TX SM test

As can be seen, the BLER for the PDCCH/PCFICH is less than 0.1 % for the worst case test point of -3.5 dB (TDD). However, a decrease of 3 dB in the SNR implies a BLER in the order of 5 %, potentially making the UE to fail the test depending on the implementation margin. It is hence recommended that this will be corrected from Release 8 onwards.
3. SNR definition
The definition of the SNR for the UE demodulation tests has been discussed in the recent RAN4 meetings, see [2] [3]. The problem can be summarized as follows:
According to TS 36.101, the reference point for the SNR is at the UE antenna connector. However, in the RAN4 simulations targeting for the derivation of the minimum requirements, the SNR has been referenced at the transmitter side. Hence, for the test cases employing some beamforming gain, there is a clear incosistency between the actual RAN5 test procedure and the reference value specified by RAN4, in the worst case making a “good UE” to fail the test.
So far the following fixes have been considered to overcome the problem:
Option 1: 
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in the current definition of SNR is replaced by a quantity that is based on the CRS energy.

The main disadvantage of this approach is that the SNR accuracy would be only guaranteed for the CRS, hence implying that some further tolerances would be needed for the EPRE ratios, especially the PDSCH_RA/RB. In our understanding this is not preferable for the TE vendors. 

Option 2: 
[image: image16.wmf]s

E

ˆ

is defined at TX side.

In option 2, additional tolerances might be needed for the channel part (faders, splitters, etc) in order to guarantee a sufficient accuracy of the SNR observed at the UE antenna connector. Note that tolerances are already specified in 36.512 for the fading profile power uncertainty (±0.5 dB for single Tx, ±0.7 dB for TX diversity and MIMO) but it is unclear whether this is sufficient if the Es was defined at the TX side. Note also that the accuracy of the channel matrix is also discussed in relation to the cabling impact for the CSI test cases, where RAN4/5 are pondering whether additional tolerances are needed to ensure sufficient phase accuracy. 

It needs to be also ensured that the transmitted signal power can be measured at the TX side considering a practical test equipment. For an implementation where the signal and noise are generated at the baseband and utilize a common upconverter, this should be no problem, but the impact on other implementations needs to be clarified.

Furthermore the impact on the test cases involving additional interfering users (PHICH, MIMO) needs to be clarified, as according  to the current specification those users are included as part of the Es.

Also RAN5 might need to be liaised before concluding anything regarding Option 2.

Option 3: 
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is defined at the RX side. Note that this is what we have in 36.101 at the moment.
This is not seen feasible as re-simulations would be needed to account for the beamforming gain in some test cases.
Option 4: SNR is defined at Rx side and excludes the MIMO beamforming gain.
It is not clear how the beamforming gain could be “excluded” from the received SNR in this option, as it depends on the accuracy of the PMI reported by the UE.
Based on the the above discussion, only Option 2 seems feasible provided that the accuracy of SNR can be ensured in a practical test system.
Lastly, there are some other inconcistencies in the definition of SNR that could be addressed as well as part of the SNR corrections:

· 
The definition of the SNR gives no hint whether the interfering user(s) should be included in 
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or not. In fact, the phrase “The received energy per RE of the wanted signal..” hints that the interferers should not be included, which is clearly not the intention in the PHICH and MU-MIMO tests. 
· 
The received energy is averaged “across the allocated RB(s)” which is not applicable to the control channel tests comprising allocations in terms of the resource element groups (REGs).
· 
The resource elements are currently defined per logical TX antenna port, a concept that does not exist at the UE side. At UE side, it might be more appropriate to talk about time-frequency units defined as subcarrier/symbol pair per antenna port, or similar.
4. Conclusions

In the present contribution we discuss various aspects regarding the definition of SNR and power allocation settings. Our proposals are summarized below:
Proposal 1: The definition of ( in Rel-10 should be modified as “( = -3 dB for the TM8 and TM9 test cases with two CRS ports, ( = 0 dB otherwise”
Proposal 2: The power of the channels other than PDSCH in the 4 TX spatial multiplexing tests is increased by 3 dB in order to make the transmitted spectral density constant from OFDM symbol to symbol and avoid increasing the PDCCH/PCFICH BLER.

There seems to be no foolproof solution for revising the definition of SNR, but the option where the signal part is defined at the TX side could be considered, provided similar accuracy for SNR as today can be ensured, and it is feasible for the TE vendors and RAN5.
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SNR = -3.5 – 3 dB








_1288433084.unknown

_1288433196.unknown

_1380696526.unknown

_1268730447.unknown

_1270500737.unknown

_1226419037.unknown

