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1   Introduction
In [1~2] the DL channel signal power ratio mapping for demodulation performance requirements were discussed gain, the main argument points are the EPRE definition in core specification TS 38.214 is per port or per all ports, before or after precoding,  by double checking TS 38.214, we share our understanding and proposal about the clarification on EPRE definition in Table C.3.1-1 and Table C.5.1-1.
2   Discussion
During the discussion of EPRE ratio mapping for DL physical channel or reference signal, there are different understandings of EPRE: 1) EPRE is defined as the energy per port per subcarrier, and 2) EPRE is defined as the total energy per subcarrier (across all ports). And whether the EPRE is define before or after precoder, i.e. Ref.0, Ref.1 or Ref.2 as shown below.
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We double checked the related core specification definition and extracted below for discussion to reach common understanding:
	TS 38.101-4 section 4.4.2 SNR definition

For Mode 1 conditions conducted UE demodulation and CSI requirements the SNR is defined as:
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Where

-
NRX denotes the number of receiver antenna connectors and the superscript receiver antenna connector j.

-
The above SNR definition assumes that the REs are not precoded, and does not account for any gain which can be associated to the precoding operation.

-
Unless otherwise stated, the SNR refers to the SSS wanted signal.

-
The downlink SSS transmit power is defined as the linear average over the power contributions in [W] of all resource elements that carry the SSS within the operating system bandwidth.

-
The power ratio of other wanted signals to the SSS is defined in clause C.3.1.


Observation 1: The SNR definition in TS 38.101-4 to be applied on the receiver antenna connectors is the energy before precoding.

	SSS: (TS 38.214 section 4.1 Power allocation for downlink)

· The downlink SSS transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry the SSS within the operating system bandwidth.

· Downlink EPRE is constant over SSS carried in different SS/PBCH blocks

· The Downlink SS/PBCH SSS EPRE is derived from the higher layer parameter ss-PBCH-BlockPower
· The ratio of SSS EPRE to PBCH DM-RS EPRE is 0 dB.
ss-PBCH-BlockPower  INTEGER (-60..50)  (TS 38.331)
Average EPRE of the resources elements that carry secondary synchronization signals in dBm that the NW used for SSB transmission, see TS 38.213 [13], clause 7.


Observation 2: The SSS EPRE can be derived from ss-PBCH-BlockPower provided by higher layer.

	CSI-RS: TS 38.214 section 4.1
· The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of the resource elements that carry the configured CSI-RS within the operating system bandwidth.
· Downlink EPRE of a port of CSI-RS resource configuration is constant across the configured downlink bandwidth and all configured OFDM symbols

· The downlink CSI-RS EPRE can be derived from higher layer parameters of ss-PBCH-BlockPower and powerControlOffsetSS
TS 38.214 Section 5.2.2.3.1 NZP CSI-RS
-
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.

-
powerControlOffsetSS: which is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE. 
TS 38.214 Section 5.2.2.5 CSI reference resource definition

The corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Clause 5.2.2.3.1.
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Conclusion

It is common understanding in RAN1 that:

· The powerControlOffset (“Pc”) ratio is defined as [image: image4.wmf]10
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· Where

· PPDSCH  QUOTE ,P-PDSCH.  is the energy of total PDSCH ports multiplexed on one subcarrier of one OFDM symbol

· PCSIRS  QUOTE ,P-CSIRS.  is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol
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Conclusion

It is common understanding in RAN1 that:

· The powerControlOffsetSS (“PcSS”) ratio is defined as [image: image5.wmf]10
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· Where

· PSS  QUOTE PPDSCH  is the energy of SSB on one subcarrier of one OFDM symbol

· PCSIRS  QUOTE PCSIRS  is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol




Observation 3: The PDSCH EPRE and NZP CSI-RS EPRE in powerControlOffset and powerControlOffsetSS are the energy of all ports multiplexed on one RE.
Based on the above observations, how to define the EPRE ratio for DL physical channel or reference signal to avoid any confusion, either per RE per port or per RE across all port, but like agreed [1], the EPRE ratios in Annex C should be determined such that powerControlOffset and powerControlOffsetSS are set to 0, there are two methods for the DL EPRE ratio setting that are essentially same.
Option 1: Per port per RE
In this option, the reference point for the EPRE ratio clarification should be Ref.0.
Table C.3.1-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)

	Parameter
	Unit
	Value (Note 2)
	Mapping to antenna port(s)

	SSS transmit power 
	W
	Test specific
	Single port 4000

	EPRE ratio of PSS to SSS
	dB
	0
	

	EPRE ratio of PBCH to SSS
	dB
	0
	

	EPRE ratio of PBCH to PBCH DMRS
	dB
	0
	

	EPRE ratio of PDCCH to SSS
	dB
	0
	Single port 2000

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0
	

	EPRE ratio of PDSCH to SSS
	dB
	
-10*log(N) (Note 3)
	Test specific for PDSCH demodulation requirement

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	Test specific (Note 1)
	

	EPRE ratio of CSI-RS to SSS
	dB
	
-10*log(L) (Note 4)
	Test specific for NZP-CSI-RS configuration

	EPRE ratio of PDSCH OCNG to SSS
	dB
	-10*log(N) (Note 3)
	Same as PDSCH

	EPRE ratio of PDCCH OCNG to SSS
	dB
	0
	Same as PDCCH

	Note 1:
Value is derived from Table 4.1-1 in TS 38.214 [12] based on "Number of DM-RS CDM groups without data" and "DMRS Type" parameters specified for each test. 
Note 2: The value is the energy of per RE for a single antenna port before pre-coding.
Note 3:  N  {1,…, Number of layers} is the number of antenna ports of PDSCH
Note 4: 
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 is the CDM group size of NZP CSI-RS.


Option 2: Per RE across all ports
It will be no matter which reference point for the power ratio clarification.
Table C.3.1-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)

	Parameter
	Unit
	Value

	SSS transmit power 
	W
	Test specific (Note 2)

	Ratio of PSS EPRE to SSS EPRE
	dB
	0

	Ratio of PBCH EPRE to SSS EPRE
	dB
	0

	Ratio of PBCH EPRE to PBCH DMRS EPRE
	dB
	0

	Ratio of PDCCH EPRE to SSS EPRE
	dB
	0

	Ratio of PDCCH EPRE to PDCCH DMRS EPRE
	dB
	0

	Ratio of PDSCH EPRE to SSS EPRE
	dB
	0

	Ratio of PDSCH EPRE to PDSCH DMRS EPRE
	dB
	Test specific (Note 1)

	Ratio of NZP CSI-RS EPRE to SSS EPRE
	dB
	0 (Note 3)

	Ratio of PDSCH OCNG EPRE to SSS EPRE
	dB
	0

	Ratio of PDCCH OCNG EPRE to SSS EPRE
	dB
	0

	Note 1:
Value is derived from Table 4.1-1 in TS 38.214 [12] based on "Number of DM-RS CDM groups without data" and "DMRS Type" parameters specified for each test. PDSCH EPRE is the energy of total PDSCH ports multiplexing on one subcarrier of one OFDM symbol
Note 2: Value can be derived from ss-PBCH-BlockPower provided by higher layers.
Note 3: NZP CSI-RS EPRE is the energy of all CSI-RS ports multiplexed on one subcarrier of one OFDM symbol.



No essential difference between option 1 and option 2, RAN4 can discuss which method is clearer from RAN4 performance test point of view.
Proposal 1: Discuss which method is more applicable from RAN4 performance requirements testing point of view.
3   Proposals
In this contribution, after double checked the core specification, we share our observations and proposals for the EPRE ratio mapping for DL physical channel or reference signal:

Observation 1: The SNR definition in TS 38.101-4 to be applied on the receiver antenna connectors is the energy before precoding.

Observation 2: The SSS EPRE can be derived from ss-PBCH-BlockPower provided by higher layer.

Observation 3: The PDSCH EPRE and NZP CSI-RS EPRE in powerControlOffset and powerControlOffsetSS are the energy of all ports multiplexed on one RE.
Proposal 1: Discuss which method is more applicable from RAN4 performance requirements testing point of view.
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