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1. Introduction
In this contribution, we discuss power boosting of PSS within SS/PBCH block and OFDM symbol generation that impacts SS/PBCH blocks and other signals/channels.

2. PSS and SSS Power Levels
According to the latest 38.211 specification, v2.0.0, the EPRE of PSS and EPRE of SSS/PBCH can be configured to be different by the gNB. Furthermore, there is no restriction on the power boosting (or de-boosting) of PSS REs compared to SSS/PBCH REs. The following is a copy of the 38.211 specification.

	7.4.3.1.1	Mapping of PSS within an SS/PBCH block






The UE shall assume the sequence of symbols constituting the primary synchronization signal to be scaled by a factor  to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to resource elements  in increasing order of  where  and  are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.

7.4.3.1.2	Mapping of SSS within an SS/PBCH block






The UE shall assume the sequence of symbols  constituting the secondary synchronization signal to be scaled by a factor  and mapped to resource elements  in increasing order of  where  and  are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.

7.4.3.1.3	Mapping of PBCH and DM-RS within an SS/PBCH block




The UE shall assume the sequence of complex-valued symbols  constituting the physical broadcast channel to be scaled by a factor  to conform to the PBCH power allocation specified in  [5, TS 38.213] and mapped in sequence starting with  to resource elements  which meet all the following criteria:
<omitted>


The UE shall assume the sequence of complex-valued symbols  constituting the demodulation reference signals for the SS/PBCH block to be scaled by a factor of  to conform to the PBCH power allocation specified in [5, TS 38.213] and <omitted>





The EPRE of PSS is currently control by factor  and EPRE of SSS/PBCH is controlled by factor . Because the PSS and SSS/PBCH are time multiplexed, if the power level of PSS and SSS or PBCH OFDM symbol have severe power level difference, this can impact AGC tuning at the receiver. Furthermore, having a unknown power ratio between PSS and SSS/PBCH REs can create difficulties to more advanced receivers that utilize signal cancellation techniques for performance improvement. Therefore, we propose to fix the power ratio between PSS and SSS/PBCH RE. The power boosting of the PSS RE can be justified as RAN1 has agreed to set 56 and 57 subcarriers on the right and left of PSS to be set to zero power. 


Based on this we propose the power ratio between PSS and SSS/PBCH to be either  or .

Proposal 1:
· 

Fix the power ratio between PSS and SSS/PBCH to be either   or .


3. OFDM Symbol Generation
During RAN1 #91, phase ramping of received signals, when the carrier frequency of up-conversion at the gNB and down-conversion at the UE does not match, was identified. Furthermore, three solutions were proposed [1].
The three proposal are:
· Option 1)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH
· For all other signals/channels, gNB does not pre-compensate phase
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation
· Option 2)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET
· For all other signals/channels, gNB does not pre-compensate phase.
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation
· Option 3)
· gNB pre-compensates all OFDM symbols using center frequency of its own center frequency
· Note: UE will use its own center frequency for compensation of all signals received.
It should be noted that pre-compensation refers to multiplication of a phase term for each OFDM symbol at gNB and compensation refers to multiplication of a phase term for each OFDM symbol at UE.	
Attached power point document contains analysis of different OFDM symbol generation options.


Base on the analysis of the attached slides, we believe option 3 provides a unified solution for both DL and UL and is quite future proof.
The exact formulation is up to the editor. Below are some possible example of changes required to support option 3.
============ Start of Example Text Proposal 1 =============
[bookmark: _Toc500952641]5.4	Modulation and upconversion





 is the Mmodulation and upconversion signal to the carrier frequency  of the complex-valued OFDM baseband signal,  for antenna port  and subcarrier spacing configuration  for OFDM symbol l and is given by 



============ End of Example Text Proposal 1 =============

============ Start of Example Text Proposal 2 =============
5.4	Modulation and upconversion





 is the Mmodulation and upconversion signal to the carrier frequency  of the complex-valued OFDM baseband signal,  for antenna port  and subcarrier spacing configuration  and is given by 


,


Where  and .
============ End of Example Text Proposal 2 =============

Proposal 2:
· NR OFDM symbol generation and up-conversion is modified such that gNB performs phase compensation all OFDM symbols using center frequency of its own center frequency and such that phase at the start of the FFT window of each OFDM symbol (i.e. start of time domain sample right after CP) is set to zero in RF domain.
· Based on modified NR OFDM symbol generation and up-conversion signal, the UE will use its own center frequency for compensation of all signals received. 
· Note that with the proposed modifications, the UE does not need to be aware of the up-conversion frequency of the signals sent by the gNB.



4. Conclusions
In this contribution, we discussed remaining issues related to SS blocks. Our proposals are summarized as below:
Proposal 1:
· 

Fix the power ratio between PSS and SSS/PBCH to be either   or .

Proposal 2:
· NR OFDM symbol generation and up-conversion is modified such that gNB performs phase compensation all OFDM symbols using center frequency of its own center frequency and such that phase at the start of the FFT window of each OFDM symbol (i.e. start of time domain sample right after CP) is set to zero in RF domain.
· Based on modified NR OFDM symbol generation and up-conversion signal, the UE will use its own center frequency for compensation of all signals received. 
· Note that with the proposed modifications, the UE does not need to be aware of the up-conversion frequency of the signals sent by the gNB.

[bookmark: _GoBack]
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[1] R1-1721601, “Correcting NR OFDM Symbol Generation,” Intel Corp.
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List of Proposals

Down-selection among options:

Option 1)

gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH

gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH

For all other signals/channels, gNB does not pre-compensate phase

Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation

Option 2)

gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH

gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET

For all other signals/channels, gNB does not pre-compensate phase.

Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation

Option 3)

gNB pre-compensates all OFDM symbols using center frequency of its own center frequency

Note: UE will use its own center frequency for compensation of all signals received.

Note:

Pre-compensation refers to multiplication of a phase term for each OFDM symbol at gNB

Compensation refers to multiplication of a phase term for each OFDM symbol at UE





Potential Specification Changes







Potential Specification Changes for Option 1

Define one new OFDM symbol generation equation









For SS/PBCH block, and PDCCH of RMSI and PDSCH of RMSI

Otherwise

For PRACH

Use PRACH OFDM symbol generation





fSSB is the frequency location of the center of the SS/PBCH PRB

minus the frequency location of the center of the NR signal





Potential Specification Changes for Option 2

Define two new OFDM symbol generation equation









For PDCCH of RMSI and PDSCH of RMSI

fRMSI is the frequency location of the center of the RMSI CORESET PRB

minus the frequency location of the center of the NR signal

Otherwise

For PRACH

Use PRACH OFDM symbol generation





For SS/PBCH block, I

Same equation as in option 1





Potential Specification Changes for Option 3











And state that this represent signal waveform of symbol l after the up-conversion

Change up-conversion equation

Update the up-conversion  equation





Analysis







Common Variables









Windowing function to limit definition of OFDM symbol





Current OFDM symbol generation for symbol, l





Proposal – Option 1 and 2 (1/4)









Option 1 :SS/PBCH block, Option 2: SS/PBCH block, PDCCH/PDSCH of RMSI





Up-conversion signal waveform

OFDM symbol generation for symbol, l

gNB Side closed form equation



Phase term that needs to be multiplied to OFDM symbol l





Phase pre-compensation





Proposal – Option 1 and 2 (2/4)

UE Side closed form equation

Down-conversion signal waveform







No phase term to be multiplied to OFDM symbol l









OFDM symbol generation for symbol, l





Option 1 :SS/PBCH block, Option 2: SS/PBCH block, PDCCH/PDSCH of RMSI

Received signal shifted in frequency (no phase rotation after FFT)









Proposal – Option 1 and 2 (3/4)









Up-conversion signal waveform

OFDM symbol generation for symbol, l

gNB Side closed form equation

Option 1: Other than SS/PBCH block, Option 2: Other than SS/PBCH, PDCCH/PDSCH of RMSI

No phase term to be multiplied to OFDM symbol l









Proposal – Option 1 and 2 (4/4)

UE Side closed form equation

Down-conversion signal waveform















OFDM symbol generation for symbol, l





Option 1: Other than SS/PBCH block, Option 2: Other than SS/PBCH, PDCCH/PDSCH of RMSI

Received signal shifted in frequency (no phase rotation after FFT)



Phase term that needs to be multiplied to OFDM symbol l



Phase compensation





Proposal – Option 3 (1/2)

gNB Side closed form equation





For all signals





OFDM symbol generation for symbol, l

Up-conversion signal waveform













Phase term that needs to be multiplied to OFDM symbol l









Phase pre-compensation





Proposal – Option 3 (2/2)

UE Side closed form equation

For all signals

Down-conversion signal waveform









Phase term that needs to be multiplied to OFDM symbol l











OFDM symbol generation for symbol, l





Phase compensation





Summary of Phase Values Needed

		gNB/UE center frequency				Option 1				Option 2						Option 3

						SS/PBCH
RMSI
fSSB		Other signal
fTX		SS/PBCH
fSSB		RMSI
fRMSI		Other signal
fTX		All signals
fTX

		gNB
fTX						None						None		

		UE		SS/PBCH
fSSB		None		N/A		None		N/A		N/A		

				RMSI
fRMSI								None		N/A		

				Other signal
fRX												
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Time evolution of phase compensation terms (1/2)

Let’s assume





Assume the Normal CP

16









#of OFDM symbols in a subframe (1 ms)





























Time evolution of phase compensation terms (2/2)

(continue from previous slide)





Thus





The number of phase compensation terms is limited for all options

The sequence of phase compensation terms repeats with 

1 ms periodicity, if the carrier difference is multiple of 1kHz

0.5 ms periodicity, if the carrier difference is multiple of 2kHz

2 ms periodicity, if the carrier difference is multiple of 0.5kHz

17







Always integer since  and  has integer number of kHz all options









Examples of Phase Values Needed in FR1

For 15kHz SCS, 14 values and repeats every 1ms (carrier frequency is N*1kHz for FR1)











For 30kHz SCS, 28 values and repeats every 1ms (carrier frequency is N*1kHz for FR1)







For 60kHz SCS, 56 values and repeats every 1ms (if carrier frequency is N*1kHz for FR1)



























Examples of Phase Values Needed in FR2

For 60kHz SCS, 23 values and repeats every 0.5ms (if carrier frequency is N*2kHz for FR2)













For 120kHz SCS, 56 values and repeats every 0.5ms (carrier frequency is N*2kHz for FR2)





For 240kHz SCS, 112 values and repeats every 0.5ms (carrier frequency is N*2kHz for FR2)











only applies to SS/PBCH Blocks (and since phase continuity between SS/PBCH is not required and not likely possible due to precoder vector switching transmit schemes, therefore only 4 phase values is strictly required for both gNB and UE)

























Distribution of Phase Values (1/2)

Some Example of Below 6 GHz





Phase Distribution from the phase compensation value depend on the carrier frequency difference

Phase Distribution from the phase compensation value depend on the absolute carrier frequency

Conclusion: No significant phase distribution difference is observed between option 1, 2, and 3





Distribution of Phase Values (2/2)

Some Example of Below 6 GHz

Phase Distribution from the phase compensation value depend on the carrier frequency difference

Phase Distribution from the phase compensation value depend on the absolute carrier frequency

Conclusion: No significant phase distribution difference is observed between option 1, 2, and 3
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