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1   Introduction
In the RAN4 meeting #78, one CR was submitted to change the power allocation level for TM9 dual-layer test in 8.3.1.2 of TS36.101 [1]. The reason is that according to RAN2 specification rho_A and rho_B are having specific list for signaling which the current number in 8.3.1.2 and 8.3.2.3 is not one of the supported value. In our understanding, it is related to the discussion long time ago on power allocation setup for section C.3.2 of TS36.101.
In this paper, we would like to share our view on this issue. Firstly we would like to provide our understanding on the existing power allocation parameters and then we would like to provide our analysis.
2   Background
2.1   Power allocation
In [2] the new parameter σ was introduced in addition to parameter ρA and ρB in the test parameter table to differentiate between PDSCH power and control channel power. One example is shown as below which is copied from [1].

--------------------------------- Content in [1] adding parameter σ --------------------------------
8.3.1.1
Single-layer Spatial Multiplexing

For single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C, the requirements are specified in Table 8.3.1.1-1 and 8.3.1.1-2, with the addition of the parameters in Table 8.3.1.1-3 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8 with and without a simultaneous transmission on the other antenna port, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power. 

Table 8.3.1.1-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 

	parameter
	Unit
	Test 1
	Test 2

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	Subframes
	5 / 2
	5 / 2

	CSI reference signal configuration
	
	0
	3

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
	3 /

0001000000000000
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50
	50

	Simultaneous transmission
	
	No
	Yes (Note 3, 5)

	
	
	
	

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 5:
The two Ues’ scrambling identities 
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 are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases.


--------------------------------- Content in [1] adding parameter σ --------------------------------
According to TS36.101, the power allocation setups for different channels for the performance requirements are specified as below.

--------------------------------- C.3.2 of TS36.101 --------------------------------
C.3.2
Measurement of Performance requirements

Table C.3.2-1 is applicable for measurements in which uniform RS-to-EPRE boosting for all downlink physical channels.

Table C.3.2-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ (

	
	PBCH_RB = B+ (

	PSS
	PSS_RA = 0 (Note 3)

	SSS
	SSS_RA = 0 (Note 3)

	PCFICH
	PCFICH_RB = B+ (

	PDCCH
	PDCCH_RA = A+ (

	
	PDCCH_RB = B+ (

	EPDCCH
	EPDCCH_RA = A+δ

	
	EPDCCH_RB = B+δ

	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+ (


NOTE 1:
A= B = 0 dB means no RS boosting.

NOTE 2:
MBSFN RS and OCNG are not defined downlink physical channels in [4]. 


NOTE 3: Assuming PSS and SSS transmitted on a single antenna port.

NOTE 4: A, B, (, and δ are test specific.

NOTE 5: For TM 8, TM 9 and TM10  A, B are used for the purpose of the test set up only.
--------------------------------- C.3.2 of TS36.101 --------------------------------
According to definition of EPRE and A, B, in TS36.213, the parameters of A or B define the ratio of PDSCH EPRE and CRS EPRE at a single transmitting antenna, or say, per CRS port, for CRS based transmission mode. This parameter is mainly used for decoding high order modulation schemes such as 16QAM, 64QAM or 256QAM.

For the tests with CRS based transmission mode like TM2/3, the following statements are correct for PDSCH and PDCCH:

· PDSCH_RA = ρA and PDSCH_RB = ρB
· PDCCH_RA = ρA and PDCCH_RB = ρB.
For DMRS transmission mode, no similar power boosting ratio compared to CRS was specified, since UE specific RS (DMRS) is used for demodulation. In TS36.213, the relation between PDSCH power and DMRS power is specified, i.e., 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.
But from test point of view, it is better to clearly define the power level for DMRS based PDSCH transmission. The agreed approach was to specify the power allocation as the ratio of the whole PDSCH power level over the power of one CRS RE of a CRS port for DMRS based PDSCH.

Using such definition, under the same antenna configuration, the xCH_RA/B values between DMRS based PDSCH and PDCCH will be different. For example, assuming 2x2 antenna configuration, the PDCCH_RA should be -3dB since SFBC is used, while PDSCH_RA for DMRS based transmission is 0dB since the same power level as CRS RE is applied to PDSCH.

To keep PDSCH_RA = ρA and PDSCH_RB = ρB unchanged, the power allocations for control channel were modified such that
· PDSCH_RA = ρA and PDSCH_RB = ρB
· PDCCH_RA = ρA+ ( and PDCCH_RB = ρB+ (.
to differentiate between PDSCH power and control channel power.
And we also should note that it is said that NOTE 5: For TM 8, TM 9 and TM10 A, B are used for the purpose of the test set up only.

2.2   SNR definition
According to the proposal in [4, 5] the SNR definition after introducing DMRS based transmission mode tests was changed to preclude the pre-coding gain. The reason is that the SNR value used for RAN4 requirements is not the measured SNR at receiver but the SNR at transmitter without pre-coding. So the clarification was added:
The above SNR definition assumes that the REs are not precoded. The SNR definition does not account for any gain which can be associated to the precoding operation.
In Figure 1, we would like to give a clear idea on the definition of SNR and xCH_RA/RB. According to our understanding, the definition of SNR and ρA and ρB that are used in RAN4 specification are as follows, assuming that the power is equally split at the transmitter antenna and received with equal power at the receiver antenna, and the power is equally split across dual layers.
· For PDSCH in CRS transmission mode and control channel, i.e., PDCCH, PCFICH and PHICH:


[image: image6.wmf]OC

CRS

PDSCH

CRS

PDSCH

CRS

PDSCH

CRS

PDSCH

N

E

E

E

E

SNR

3

,

2

,

1

,

0

,

+

+

+

=



[image: image7.wmf]3

3

,

2

2

,

1

1

,

0

0

,

_

CRS

CRS

PDSCH

CRS

CRS

PDSCH

CRS

CRS

PDSCH

CRS

CRS

PDSCH

A

E

E

E

E

E

E

E

E

RA

xCH

=

=

=

=

=

r


· For PDSCH in DMRS transmission mode by using port 7 with the single layer:
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· For PDSCH in DMRS transmission mode by using port 7 and 8 with the dual layer:
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Where EPDSCH,CRSi is the EPRE of PDSCH transmitted via the antenna i, ECRSi is the EPRE of CRS port i transmitted via the antenna i, EPDSCH,DMRS7,i is the EPRE of PDSCH transmitted with port 7 via antenna i, and EDMRSi is the EPRE of DMRS port i.
We should note that the SNR definition used is the transmit SNR without pre-coding, and would not be equal to the received SNR at the receiver antenna. For 2x2 TM2 case, the SNR is equal to the received SNR, while for TM4/8/9 the received SNR is higher than SNR at transmitter
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2.3   Modification of requirements of TM9 dual-layer spatial multiplexing 
According to the discussion in [6~8] the new test case was added by modifying the existing dual-layer TM9 tests to verify the DMRS based SNR estimation. The big power imbalance between the CRS RE and DMRS RE was set. The requirements are shown below.
The test purpose is to verify the UE can estimate the SNR based on DMRS instead of CRS for support of TM9. To meet that purpose, the power of DMRS is boosted by 4dB higher than CRS to increase the signal power corresponding to the nominator of estimated SNR, and at the same time the weak interference with colliding CRS is introduced to increase the noise at serving cell CRS RE, which increase the denominator of SNR estimated based on CRS. 
In that way the SNR level estimated based on DMRS is 12dB higher than that based on CRS. The incorrect SNR estimation will result in the degradation of demodulation performance significantly under the given assumption.
--------------------------------- Text of TS36.101 --------------------------------

8.3.1.2
Dual-Layer Spatial Multiplexing
For dual-layer transmission on antenna ports 7 and 8 upon detection of a PDCCH with DCI format 2C, the requirements are specified in Table 8.3.1.2-2, with the addition of the parameters in Table 8.3.1.2-1 where Cell 1 is the serving cell and Cell 2 is the interfering cell. The downlink physical channel setup is set according to Annex C.3.2. The purpose of these tests is to verify the rank-2 performance for full RB allocation, to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power, and to verify that the UE correctly estimate SNR.
Table 8.3.1.2-1: Test Parameters for Testing CDM-multiplexed DM RS (dual layer) with multiple CSI-RS configurations

	parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Downlink power allocation
	
[image: image15.wmf]A

r


	dB
	4
	0
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	dB
	
4 (Note 1)
	0

	
	(
	dB
	-3
	-3

	Cell-specific reference signals
	
	Antenna ports 0 and 1
	Antenna ports 0 and 1

	Cell ID
	
	0
	126

	CSI reference signals
	
	Antenna ports 15,16
	NA

	Beamforming model
	
	Annex B.4.2
	NA

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	NA

	CSI reference signal configuration
	
	8
	NA

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0010000000000000
	NA
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at antenna port
	dBm/15kHz
	-98
	-98
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	Reference Value in Table 8.3.1.2-2
	7.25dB

	Symbols for unused PRBs
	
	OCNG (Note 2)
	NA

	Number of allocated resource blocks (Note 2)
	PRB
	50
	NA

	Simultaneous transmission
	
	No
	NA

	PDSCH transmission mode
	
	9
	Blanked

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


Table 8.3.1.2-2: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	Cell1
	Cell 2
	Cell 1
	Cell 2
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R.51 FDD
	OP.1 FDD
	N/A
	ETU5
	ETU5
	2x2 Low
	70
	14.2
	≥2

	Note 1:
The propagation conditions for Cell 1 and Cell 2 are statistically independent.

Note 2:
Correlation matrix and antenna configuration parameters apply for each of Cell 1 and Cell 2.

Note 3: 
SNR corresponds to 
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--------------------------------- Text of TS36.101 --------------------------------
But in [1], the issue was raised that 4dB power boosting of DMRS over CRS as ρA cannot be signaled according to RAN2 specification, i.e.,

-- ASN1START

…
PDSCH-ConfigDedicated::=

SEQUENCE {


p-a








ENUMERATED {












dB-6, dB-4dot77, dB-3, dB-1dot77,












dB0, dB1, dB2, dB3}

}

…
-- ASN1STOP

So it was proposed to reduce the power boosting level to 3dB [1]. But like what companies commented in RAN4#68bis, actually PA is used for CRS based transmission according to RAN1 specification and this test is for DMRS based transmission. 
3   Discussion
3.1   Feasibility of 4dB power boosting
In our opinion, the RAN2 signalling would not limit and make the existing test setup unfeasible. And 4dB power boosting is still feasible.

Firstly, PA is used for CRS based transmission rather than DMRS based transmission. Secondly, 4dB PDSCH power boosting is feasible for PDSCH with 16QAM modulation and DMRS based transmission. In TS36.104, the requirements of BS output power dynamics are specified as shown below. As we can see, the maximum up value for power boosting for PDSCH with 16QAM is specified as +3dB, which is specified per transmit antenna port, i.e., per transmit antenna.
--------------------------------- Text of TS36.104 --------------------------------
6.3.1
RE Power control dynamic range

The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. 

6.3.1.1
Minimum requirements

RE power control dynamic range:

Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


--------------------------------- Text of TS36.104 --------------------------------
DMRS and corresponding PDSCH are transmitted from all the antennas. Assuming that two transmit antennas are used and power is equally split across the antennas, the TM9 PDSCH power boosting by 4dB means that
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For each antenna the power boosting can be denoted as
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Such power boosting complies with the RAN4 BS RF specification.

Besides, the power control dynamic range is specified on the condition that BS at maximum output power for a specified reference condition. In our view, if the output power is moderate, the a little higher power boosting than +3dB per antenna is still feasible on the condition that EVM requirement is fulfilled.
· Observation 1: 4dB power boosting for PDSCH in TM9 dual layer test is feasible.
3.2   Issues and solution
But still the reason for change in [1] is logical. That is because in C.3.2 of TS36.101 ρA is used to indicate the power dynamics for both CRS and DMRS based transmission, which leads to the confusion of ρA concept of RAN1 and violation of signalling of RAN2. Although the note is added that NOTE 5: For TM 8, TM 9 and TM10 A, B are used for the purpose of the test set up only. It still causes the confusion to other group. Similar issues exist in C.3.4 of TS 36.101.
· Observation 2: using A to indicate power boosting for PDSCH with DMRS based transmission leads to the confusion of A concept of RAN1 and violation of RAN2 specification for the power allocation parameters in the existing test.
To address this issue, we propose to change the EPRE ratio definition for PDSCH, PDCCH and other channels, and also change the power allocation parameters for all the existing requirements.
· Proposal: change the RS-to-EPRE boosting table as below, and change the power allocation parameters correspondingly.
Table C.3.2-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ β

	
	PBCH_RB = B+ β

	PSS
	PSS_RA = 0 (Note 3)

	SSS
	SSS_RA = 0 (Note 3)

	PCFICH
	PCFICH_RB = B+ β

	PDCCH
	PDCCH_RA = A+ β

	
	PDCCH_RB = B+ β

	EPDCCH
	EPDCCH_RA = A+δ

	
	EPDCCH_RB = B+δ

	PDSCH with TM1~TM7 and TM8~TM10 in PRBs without DMRS present
	PDSCH_RA = A

	
	PDSCH_RB = B

	PDSCH with TM7~10 in PRBs with DMRS present
	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


NOTE 1:
A= B = 0 dB means no RS boosting.

NOTE 2:
MBSFN RS and OCNG are not defined downlink physical channels in [4]. 


NOTE 3: Assuming PSS and SSS transmitted on a single antenna port.

NOTE 4: A, B, (, and δ are test specific.

NOTE 5: For 4TX without diversityβ= 3, otherwiseβ= 0.

Table C.3.4-1: Downlink physical channels transmitted in the serving cell (TP1)

	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ β

	
	PBCH_RB = B+ β

	PSS
	PSS_RA = 0 (Note 2)

	SSS
	SSS_RA = 0 (Note 2)

	PDSCH with TM1~TM7 and TM8~TM10 in PRBs without DMRS present
	PDSCH_RA = A

	
	PDSCH_RB = B

	PDSCH with TM7~10 in PRBs with DMRS present
	PDSCH_RA = A+(

	
	PDSCH_RB = B+(

	PCFICH
	PCFICH_RB = B+β

	PDCCH
	PDCCH_RA = A+ β

	
	PDCCH_RB = B+ β


NOTE 1:
A= B = 0 dB means no RS boosting.

NOTE 2:
Assuming PSS and SSS transmitted on a single antenna port.

NOTE 3:
For 4TX without diversityβ= 3, otherwiseβ= 0.

4   Conclusions
In this contribution, we analyses the issue of power allocation proposed in [1]. Firstly, we reviewed the definition of power allocation and SNR. And we also reviewed the motivation of modifying the TM9 dual-layer test by introducing the power balance between DMRS and CRS and an additional interference cell. And then we analyze the feasibility of 4dB power boosting.
According to our analysis, we observed that

· Observation 1: 4dB power boosting for PDSCH in TM9 dual layer test is feasible.
· Observation 2: using A to indicate power boosting for PDSCH with DMRS based transmission leads to the confusion of A concept of RAN1 and violation of RAN2 specification for the power allocation parameters in the existing test.
And we proposed that
· Proposal: change the RS-to-EPRE boosting table as below, and change the power allocation parameters correspondingly.
· Table C.3.2-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ β

	
	PBCH_RB = B+ β

	PSS
	PSS_RA = 0 (Note 3)

	SSS
	SSS_RA = 0 (Note 3)

	PCFICH
	PCFICH_RB = B+ β

	PDCCH
	PDCCH_RA = A+ β

	
	PDCCH_RB = B+ β

	EPDCCH
	EPDCCH_RA = A+δ

	
	EPDCCH_RB = B+δ

	PDSCH with TM1~TM7 and TM8~TM10 in PRBs without DMRS present
	PDSCH_RA = A

	
	PDSCH_RB = B

	PDSCH with TM7~10 in PRBs with DMRS present
	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


· NOTE 1:
A= B = 0 dB means no RS boosting.

· NOTE 2:
MBSFN RS and OCNG are not defined downlink physical channels in [4]. 

· 
NOTE 3: Assuming PSS and SSS transmitted on a single antenna port.

· NOTE 4: A, B, (, and δ are test specific.

· NOTE 5: For 4TX without diversityβ= 3, otherwiseβ= 0.

· Table C.3.4-1: Downlink physical channels transmitted in the serving cell (TP1)

	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ β

	
	PBCH_RB = B+ β

	PSS
	PSS_RA = 0 (Note 2)

	SSS
	SSS_RA = 0 (Note 2)

	PDSCH with TM1~TM7 and TM8~TM10 in PRBs without DMRS present
	PDSCH_RA = A

	
	PDSCH_RB = B

	PDSCH with TM7~10 in PRBs with DMRS present
	PDSCH_RA = A+(

	
	PDSCH_RB = B+(

	PCFICH
	PCFICH_RB = B+β

	PDCCH
	PDCCH_RA = A+ β

	
	PDCCH_RB = B+ β


· NOTE 1:
A= B = 0 dB means no RS boosting.

· NOTE 2:
Assuming PSS and SSS transmitted on a single antenna port.

· NOTE 3:
For 4TX without diversityβ= 3, otherwiseβ= 0.

And the accompanied CRs were provided in [9~14].
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