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Introduction
In the previous RAN4 meeting issue on DL physical channels mapping and power ratios for Rel-15 NR requirements was raised in paper [1]. Way forward on DL channels mapping and power ratio was approved [2] and the following agreements were reached:
	DL channels mapping
· SS-Block mapping to physical antennas
· The SS-Block is mapped to one single physical antenna
· PDCCH mapping to physical antennas
· PDSCH requirements: Use precoding configuration from Rel-15 PDCCH requirements
· SDR requirements: Use precoding configuration from Rel-15 PDCCH requirements
· CSI requirements:
· Option 1: Use precoding configuration from Rel-15 PDCCH requirements
· Option 2: The PDCCH is mapped to one single physical antenna
· PDSCH mapping to physical antennas
· Add references to TS 38.214 to clarify beamforming matrix used for requirements definition 
· FFS if additional clarifications are needed
DL signal power ratios
· Option 1: Modification of existing DL channel signal power ratios configuration is needed 
· Option 2: Existing DL channel signal power ratios configuration is correct


In this paper we provide our view on remaining open issues related to DL channels mapping and DL signals power ratios.
Discussion
DL channels mapping
In the previous meeting assumptions on different DL Phy channels mapping were clarified/agreed for most of scenarios. The only open question is PDCCH mapping for CSI requirements, because several PMI FR1 requirements are defined for high number of Tx antennas and using of random precoder may lead to significant PDCCH performance degradation in comparison to single port transmission. As result, we can observe that PDCCH performance limits PDSCH performance.
In Figure 1 we provide PDCCH performance with AL8 and different antenna configuration.
	ULA Low Antenna configuration

	XPL High Antenna configuration


	[bookmark: _Ref37261070]Figure 1. PDCCH performance for high number of Tx antenna.


Observation #1: PDCCH performance with codebook-based precoding depends on antenna configuration
· ULA Low: 
· PDCCH performance of scenarios with codebook-based precoding is better than single port transmission.
· Increasing of transmit antennas does not have significant impact PDCCH performance with codebook-based precoding
· XPL High:
· PDCCH performance of scenarios with codebook-based precoding is same of worse than single port transmission.
· Increasing of transmit antennas leads to PDCCH performance degradation in scenarios with codebook-based precoding
Based on results above, we can observe that 1% PDCCH BLER for 8 Tx and 2 Rx scenario is about 4 dB. From CSI results collection [3] and [4], potential SNR operating point for PMI requirements with 8 Tx antenna is about 7-8 dB for 2 Rx case. Based on these, we can conclude that using of codebook-based precoding for PDCCH mapping to physical antenna elements should be not the issue for Rel-15 PMI requirements. Same time, requirements for high number on antenna will be defined in Rel-16 and issues with using of codebook-based precoding for PDCCH could be observed. Therefore, we suggest to use same approach for PDCCH mapping for Rel-15 and Rel-16 CSI requirements and consider single antenna element mapping for PDCCH in CSI requirements.
Proposal 1:	Use single antenna element mapping for PDCCH in CSI requirements.
DL signal power ratios
At current stage, the following configuration is defined for DL signal power rations in TS 38.101-4:
	Table C.3.1-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Parameter
	Unit
	Value

	SSS transmit power 
	W
	Test specific

	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

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0

	EPRE ratio of PDSCH to SSS
	dB
	0

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

	EPRE ratio of CSI-RS to SSS
	dB
	0

	EPRE ratio of OCNG to SSS
	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





In paper [1] concern on difference in signals power ratios before and after applying on propagation channel was raised. In Table C.3.1-1, power ratios are defined for transmitter side (i.e. before applying of propagation channel). For further consideration, first, we analyse EPRE ratio of PDSCH to SSS. 
For 2 Tx scenario the SSS transmit signal has the following form:


Based on current design, PDSCH mapping to physical antenna elements is applied by codebooks from TS 38.214 Section 5.2.2.2.1 for Rel-15 demodulation requirements. Taking into account such design, PDSCH signal design for 2 Tx scenario and Rank 2 transmission has the following form for one of codebooks:


If we calculate average power for all transmit antennas then we observe that average Tx power for SSS and PDSCH signals are same (i.e. this is aligned with current configuration EPRE ratio of PDSCH to SSS = 0 dB).
As the next step, we can check the average power at the receiver side. For analysis simplification, we assume 2x2 static propagation conditions:


After propagation from such channel, receive signal will have the following form:

 


If we calculate average power for all antennas at receiver side, then we observe that average Rx power for SSS and PDSCH signals are same:

PDSCH power per antenna: 

SSS power per antenna:
Based on such observation, we can conclude that there is no issue with configuration EPRE ratio of PDSCH and it is correct.
Same conclusion we can make for configuration of EPRE ratio of PDCCH to SSS, because for the most of scenarios codebooks from TS 38.214 Section 5.2.2.2.1 are used for mapping of PDCCH to physical antenna elements and transmit signal structure for PDCCH is same as PDSCH.
Next, we suggest to check if there is no any issue for configuration of EPRE ratio of CSI-RS to SSS. 
From 38.214, the power of SSS and CSI-RS is defined as follows:
· 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 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.
From 38.211, we have the following definition of power for each CSI-RS signal:
· The UE shall assume βCSI-RS > 0 for a non-zero-power CSI-RS where βCSI-RS is selected such that the power offset specified by the higher-layer parameter powerControlOffsetSS in the NZP-CSI-RS-Resource IE, if provided, is fulfilled
Using such definition, 0 dB means that we have same power for one port of SSS and all ports of CSI-RS mapped in same REs. In case CSI-RS with 2 ports is configured and CDM2 is used, power ratio of one port of CSI-RS to SSS is equal to -3dB and we have the following form of CSI-RS signal at transmitter side:


If we calculate average power for all antennas, then we observe that average Tx power for SSS and CSI-RS signals are same (i.e. this is aligned with current configuration EPRE ratio of CSI-RS to SSS = 0 dB).
[bookmark: _GoBack]Using the same calculations as for PDSCH, we can conclude that power ratio of CSI-RS to SSS is 0 dB for receiver side (i.e. same as at Tx side). Based on this, we can conclude there is no issue with configuration of EPRE ratio of SSS and it is correct.
Proposal 2:	Existing DL channel signal power ratios configuration is correct and modifications are not needed.
Conclusion
In this paper we provided view and made the following proposals:
Proposal 1:	Use single antenna element mapping for PDCCH in CSI requirements.
Proposal 2:	Existing DL channel signal power ratios configuration is correct and modifications are not needed.
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