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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. This is a revised version of R1-1802381. The main purpose of the revision is to update the simulation results.

2. PSS and SSS Power Levels
According to the latest 38.211 specification, v15.0.1, 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 controlled 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 an 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 to be .

Proposal 1:
· 
Fix the power ratio between PSS and SSS/PBCH to be .
· Agree to the following text proposal:

=========== Start of Text Proposal for 38.213 Section 4.1 =============
[bookmark: _Toc505848892][bookmark: _Toc415085419]4.1	Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell.  
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE shall assume that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE shall assume that SSS, PBCH DM-RS, and PBCH data have the same EPRE. The UE shall assume that PSS EPRE to SSS EPRE ratio is 2.
=========== End of Text Proposal ===============================

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. In RAN1 2018 Adhoc #1 meeting, the following was agreed:
	Agreements:
· Send an LS to RAN4 regarding the following working assumption. Note that there are also other alternative(s) discussed in RAN1. 
· RAN1 asks RAN4 would especially appreciate if RAN4 can progress on the frequency offset associated with the value of M. RAN1 aims to make a decision in the early week of the next Feb. meeting. 
· (Working assumption) For signal generation:
· Agree to option 3a (unquantized)
· Baseband signal generation remains unchanged
· Change upconversion formula for all channels/signals expect PRACH to:
· 

 where 
· Upconversion formula for PRACH remains unchanged
· Draft LS to be prepared in R1-1801245, which is approved and final LS in R1-1801279



Other than the working assumption, the other potential candidate to resolve the phase ramping issue is the use of quantized carrier frequency, where the quantization is done in units of 15kHz. For frequency band above 3 GHz, all GSCN and NR-ARFCN values are multiple integer of 15kHz, and therefore identical in terms of implementation. Table 1 and Table 2 show the NR-ARFCN and GSCN values for frequency ranges up to 100 GHz.
[bookmark: _Ref506587917]Table 1. NR-ARFCN parameters for the global frequency raster
	Frequency range
	ΔFGlobal
	FREF-Offs [MHz]
	NREF-Offs
	Range of NREF

	0 – 3000 MHz
	5 kHz
	0 MHz
	0
	0 – 599999

	3000 – 24250 MHz
	15 kHz
	3000 MHz
	600000
	600000 – 2016666

	24250 – 100000 MHz
	60 kHz
	24250 MHz
	2016667
	2016667 – 3279167



[bookmark: _Ref506587918]Table 2. GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	Range of GSCN

	0 – 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832]

	2400 – 24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]

	24250 – 100000 MHz
	[24250.08] MHz+N*[17.28]MHz, N= 0:[4383]
	[24007 – 28390]



Observation 1:
· For frequency bands above 3 GHz, there is no difference between 3a and 3b from the receiver detection perspective. 
The difference between 3a, the current working assumption, and 3b, quantized carrier frequency based solution, is very minor.  In this section, we analyze the concerns of option 3a, which was potential increase in detection complexity for 3 bits of SSB index information in the DMRS of PBCH.
As shown in the appendix, the only difference between 3a and 3b is the carrier frequency offset appearance at the receiver. In 3a, on top of the progressive phase ramp due to carrier frequency offset, there would be phase ramp that resets every OFDM symbol due to ±5kHz shifts of SSB positions, which is represented by δ in the equations shown in the appendix. In case of 3a, the current working assumption, there could potentially have a stepwise phase ramp in each OFDM symbol, due to the uncompensated initial frequency offset after PSS and SSS detection. The stepwise phase ramp can be compensated after detection of the PBCH DMRS. However, it can potentially impact the performance of the PBCH DMRS. To combat this stepwise phase ramp, various receiver algorithms in detection of the DMRS PBCH can be performed.
	To identify the potential gain/loss from different detection algorithms of 3 bits of information embedded in the DMRS of PBCH, we have simulated four different detection algorithms.
Algorithm 0) DMRS detection algorithm without any intermediate phase ramp estimation and compensation.
· 8 detection hypothesis are performed, 1 hypothesis for each SSB index.
Algorithm 1) Non-coherent accumulation of detection metric across different OFDM symbols. 
· For each DMRS hypothesis, UE computes detection metric of DMRS for each OFDM symbol separately and perform non-coherent accumulation of the detection metric.
· 8 detection hypothesis are performed, 1 hypothesis for each SSB index.
Algorithm 2) stepwise phase ramp is compensated prior to 8 detection DMRS hypothesis 
· For each DMRS hypothesis, UE first computes the estimate of the stepwise phase ramp, and uses the estimated phase ramp in the detection metric of the DMRS.
· 8 detection hypothesis are performed, 1 hypothesis for each SSB index. For each hypothesis, stepwise phase ramp estimation is performed and used to coherently combine detection metric between different OFDM symbols.
Algorithm 3) detection metric is computed for each 0 kHz, ±5kHz SSB center frequency shift and DMRS sequence hypothesis 
· For each SSB center frequency shift hypothesis and DMRS hypothesis, UE computes detection metric of DMRS
· Total of 24 = 3 x 8 detection hypothesis are performed.
Among the four different algorithms, algorithm 3 has the most complexity, and algorithm 1 and 2 have similar complexity. Figure 1 shows the detection performance results with different DMRS detection algorithms. The simulation was conducted with CDL-C channel model, at 2 GHz with 15 kHz subcarrier spacing for SSB. Initial carrier frequency offset of 5ppm was injected on top of the unknown 0 kHz, or ±5kHz shifts of SSB. UE has performed compensation of potential integer frequency offset during detection of PSS and SSS.
[image: ] [image: ]
[bookmark: _Ref506590033]Figure 1. 3 bits of SSB index and PBCH detection performance with various detection algorithms for SSB index
The results show that the SSB index detection in Option 3a with algorithm 2/3 outperforms Option 3b due to the additional processing on phase ramp estimation and compensation involved. By removing the phase ramp between the OFDM symbols, we can improve the channel estimation during the detection of DMRS.
[bookmark: _GoBack]From the results, we can see that algorithm 3 does indeed perform the best. However, the performance gain is marginal compared to algorithm 2, which has substantial lower computation complexity. As for PBCH detection performance, since the detection performance of SSB index is much better than the PBCH detection performance, there is no visible performance difference in PBCH with various algorithms. Therefore, coverage of the NR system will not be impacted from symbol generation and up-conversion equation working assumption.
Observation 2:
· No performance draw back was identified even with less complex DMRS detection algorithms that are robust to stepwise phase ramp, which can potentially occur with the current working assumption on OFDM symbol generation and up-conversion equation. 

On a side note, RAN4 is currently conducting discussion on the ±5kHz shifts of SSB positions, as ±5kHz shifts prohibit deployments that utilized 30kHz SCS. In case RAN4 concludes that minimum gap between any two GSCN values are larger than maximum initial frequency offset of 10ppm, which roughly corresponds to 30kHz, then there is no difference between 3a and 3b in terms of detection algorithm or how carrier frequency offset looks like. The two scheme become identical.

Observation 3:
· In case RAN4 revises the GSCN for below 3 GHz to have minimum frequency gap of 30 kHz or larger, there is no difference between 3a and 3b from the receiver perspective. 

Interestingly, for the current working assumption, option 3a, the progressive phase ramp that appears at the receiver due to initial carrier frequency offset and ±5kHz shifts of SSB positions show up differently. This allows the receiver to perform estimate of the ±5kHz shifts of SSB positions without any signaling. In case of option 3b, the progressive phase ramp from initial carrier frequency offset and ±5kHz shifts of SSB positions are indistinguishable. The main problem with this is that UE may have a mis-match between the actually generated carrier frequency and what UE thinks it is generating. This error in the frequency synthesis can also impact sampling rates used in the analog to digital conversion. Since the ±5kHz shifts of SSB positions is not going to be known to the UE until it can correctly receive RMSI, during the entire time duration from SSB detection to RMSI successful decoding, UE can actually have an error in the sampling rate of its ADC. This is because the UE will use the correction term of the carrier frequency to adjust and correct the sampling rate of its ADC. This can cause serious problems to detection of PDCCH and PDSCH of RMSI. Therefore should be avoided.
Observation 4:
· In case that ±5kHz shifts of SSB positions is kept, Option 3b (phase compensation performed by gNB and UE using a quantized carrier frequency) can potentially lead to error in sampling rate of the receiver, which cannot be compensated until reception of RMSI. However, the sampling rate error can potentially cause performance loss in reception of RSMI.

Base on the observations above, we recommend to confirm the working assumption on the OFDM signal generation and up-conversion equation.

Proposal 2:
· Confirm the working assumption on OFDM signal generation and up-conversion equations.



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 .
· Agree to the following text proposal:

=========== Start of Text Proposal for 38.213 Section 4.1 =============
4.1	Cell search
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell.  
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE shall assume that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE shall assume that SSS, PBCH DM-RS, and PBCH data have the same EPRE. The UE shall assume that PSS EPRE to SSS EPRE ratio is 2.
=========== End of Text Proposal ===============================

Observation 1:
· For frequency bands above 3 GHz, there is no difference between 3a and 3b from the receiver detection perspective. 

Observation 2:
· No performance draw back was identified even with less complex DMRS detection algorithms that are robust to stepwise phase ramp, which can potentially occur with the current working assumption on OFDM symbol generation and up-conversion equation. 

Observation 3:
· In case RAN4 revises the GSCN for below 3 GHz to have minimum frequency gap of 30 kHz or larger, there is no difference between 3a and 3b from the receiver perspective. 

Observation 4:
· In case that ±5kHz shifts of SSB positions is kept, Option 3b (phase compensation performed by gNB and UE using a quantized carrier frequency) can potentially lead to error in sampling rate of the receiver, which cannot be compensated until reception of RMSI. However, the sampling rate error can potentially cause performance loss in reception of RSMI.

Proposal 2:
· Confirm the working assumption on OFDM signal generation and up-conversion equations.


Reference
[1] R1-1721601, “Correcting NR OFDM Symbol Generation,” Intel Corp.

Appendix

	Before comparison of option 3a (current working assumption) and 3b, we provide some basic variables needed for the analysis.
· Tx frequency, 
· Quantized Tx frequency, 
· Quantized Rx frequency, 
· Initial frequency offset, 𝜀

It should be noted that the ±5kHz shifts of SSB positions will show up as δ, as the quantized Tx frequency will be multiple integer of 15 kHz. Figure 2 shows the relationship between parameters above.
[image: ]
[bookmark: _Ref506591829]Figure 2.

The following shows an equivalent mathematical model for 3a in terms of OFDM symbol generation and up-conversion signaling waveform.
· OFDM symbol generation for l-th OFDM symbol
· 

· 
 and
· 


· Up-conversion signal waveform
· 

· 

· 


Under the presence of initial carrier frequency offset and unknown SSB position shift at the receiver, the following equations represent the down-converted signal waveform and baseband signal at the receiver.
· Dow-converted signal waveform
· 


· Baseband signal after phase compensation
· 

 and 
· 

· 


So if we take a look at the received baseband signal for option 3a, we see two progressive phase ramp due partly due to initial carrier frequency and partly due to unknown SSB shift position. Figure 3 show an illustration of the phase ramp visible at the receiver.
[image: ]
[bookmark: _Ref506592770]Figure 3. Illustration of phase ramp visible at the receiver for option 3a (working assumption)
The following shows an equivalent mathematical model for 3b in terms of OFDM symbol generation and up-conversion signaling waveform.
· OFDM symbol generation for l-th OFDM symbol
· 

· 
 and
· 


· Up-conversion signal waveform
· 

· 

· 

 and 

Under the presence of initial carrier frequency offset and unknown SSB position shift at the receiver, the following equations represent the down-converted signal waveform and baseband signal at the receiver.
· Dow-converted signal waveform
· 


· Baseband signal after phase compensation
· 

 and 
· 


So if we take a look at the received baseband signal for option 3b, we see a single progressive phase ramp from the composition of initial carrier frequency and unknown SSB shift position. Figure 4 show an illustration of the phase ramp visible at the receiver.
[image: ]
[bookmark: _Ref506592972]Figure 4. Illustration of phase ramp visible at the receiver for option 3b
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