Page 1
3GPP TSG RAN WG1 Meeting #92bis																R1-1804703
Sanya, China, April 16 - 20, 2018

Source: 	Intel Corporation 
Title:	Remaining Details of SS/PBCH Block
Agenda item:	7.1.1.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss OFDM symbol generation that impacts SS/PBCH blocks and other signals/channels.

2. 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 [1]. In RAN1 2018 Adhoc #1 meeting, the following was agreed [2]:
	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



Also, during RAN4 #86, the following was taken as a Working Agreement [3],[4]:
	· SS raster is revised according to Option 1:
· Large shift is used for the SS raster in re-farming bands in the range of 70 – 100 kHz.
· No RMSI signaling is defined for the shift.
· Companies are encouraged to study and contribute on the details of the large raster shift.
· Detailed decision on the exact shift is made at RAN4#86bis.


The RAN4 working agreement overrides their previous agreement to have the SS raster shift of 5 kHz for the frequency range 0–2650 MHz (see Table 5.4.3.1-1 in [5]).
Other than the RAN1 working assumption, a potential candidate to resolve the phase ramping issue is the use of quantized carrier frequency, where the quantization is done in units of 15 kHz. For frequency band above 3 GHz, all GSCN and NR-ARFCN values are multiple integer of 15 kHz, 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 [6],[7].
[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
	0
	0 – 599999

	3000 – 24250 MHz
	15 kHz
	3000
	600000
	600000 – 2016666

	24250 – 100000 MHz
	60 kHz
	24250.08
	2016667
	2016667 – 3279165



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

	0 – 2650 MHz
	N * 900 kHz + M * [TBD 70 - 100kHz] 
N = 1:3000, M=-1:1
	3N + M - 1
	1 – [8999]

	2400 – 24250 MHz
	2400 MHz + N * 1.44 MHz
N = 0:15173
	[9000 + N]
	[9000 – 24173]

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz,
N =  0:4383
	[24174+ N]
	[24174 – 28557]



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. More specifically, it becomes pronounced only for the re-farming bands (i.e., the frequency range 0-2650 MHz) and only if the SS raster shift remains equal to ±5 kHz (in other words, if the RAN4 working agreement is not confirmed). 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 Appendix B, 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 ±5 kHz 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, ±5 kHz 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 ±5 kHz 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.
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 drawback 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 a discussion on the exact value for the shift of SSB position [8]. The considered minimum gap between any two GSCN values is within the range 70-100 kHz which is larger than the maximum initial frequency offset of 10 ppm roughly corresponding to 30 kHz. The use of such a large gap makes 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 confirms the working agreement on the GSCN for below 3 GHz to have minimum frequency gap larger than 30 kHz, there is no difference between 3a and 3b from the receiver perspective. 

Interestingly, for the current RAN1 working assumption, option 3a, the progressive phase ramp that appears at the receiver due to initial carrier frequency offset and ±5 kHz shifts of SSB positions show up differently. This allows the receiver to perform estimate of the ±5 kHz shifts of SSB positions without any signaling. In case of option 3b, the progressive phase ramp from initial carrier frequency offset and ±5 kHz shifts of SSB positions are indistinguishable. The main problem with this is that UE may have a mismatch 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.

Based on the observations above and the current working agreement in RAN4 group, we recommend to confirm the working assumption on the OFDM signal generation and up-conversion equation.

Proposal 1:
· Confirm the working assumption on OFDM signal generation and up-conversion equations.

3. OFDM Symbol Generation for SS/PBCH Block


There is one remaining issue with OFDM symbol generation in case of SS/PBCH block. In particular, the current equation for OFDM baseband signal generation for all channels except PRACH does not reflect correctly the situation when the SS/PBCH block PRB grid is not alight with the common RB grid. This can happen, for example, in FR1 when SSB SCS is 30 kHz and  is odd and in FR2 when SSB SCS is larger than RMSI SCS and mod(RMSI SCS, SSB SCS) ≠ 0. More detailed description of the issue can be found in [9],[10]. In this section two alternatives are proposed in order to address the issue.
The first alternative (Alt.1) assumes a separate OFDM symbol generation equation for SS/PBCH block as follows:

, where

.






Indices  and  correspond to subcarrier number and OFDM symbol number, respectively, within an SS/PBCH block as defined in [11], Section 7.4.3.1. The variable  refers to the number of RBs occupied by an SS/PBCH block. For SS/PBCH block type A, . For SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and .

In the second alternative (Alt.2), the OFDM symbol generation for SS/PBCH block reuses the general OFDM baseband signal generation equation for all channels except PRACH. For that purpose, the definition of  variable should be modified as follows:

.



Here,  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .





In Alt.2, there is no explicit definition for the values of subcarrier index  corresponding to an SS/PBCH block, and it is up to implementation to define them correctly based on , ,  and . 
Both solutions should be acceptable, among the two solutions we slightly prefer Alt 1. The text proposal for Alt 1 and 2 are provided in Appendix A.

Proposal 2:
· Down-select between the two alternatives:
· Alt 1) For OFDM symbol generation of SS/PBCH block use a separate equation written as follows:

, where


and .
· 
for SS/PBCH block type A, .
· 

for SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and .
· 
· 
Alt 2) Definition of  variable should be updated as follows:




where for SS/PBCH block type A, , and for SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon.


4. Discussion on SSB pattern for SCS = 30 kHz on non-synchronization raster location
For SSB with SCS = 30 kHz there are two patterns defined for mapping to NR slots: Case B designed for coexistence with LTE in so-called re-farming bands and Case C designed for scenarios which do not assume LTE/NR coexistence. During the initial cell selection, the UE can differentiate between the patterns without any ambiguity because a particular pattern corresponds to a single operating frequency band only, as described in [6], Table 5.4.3.3-1. In other words, Case B and Case C patterns are never applied in the same band.
However, this is relevant to those SSBs located on synchronization raster positions in the frequency domain. For SSBs out of sync raster, in principle, it is possible to have a different mapping pattern. This ambiguity for SSBs on non-sync raster location may impact the UE implementation causing blind detection of a particular pattern. To avoid potential growth in the UE complexity, it’s proposed for SSBs on non-sync raster locations to have the same mapping pattern as for SSBs on the sync raster within the same operating band. 

Proposal 3:
· For SSBs located on non-sync raster positions the pattern for mapping to NR slots is the same as for SSBs on the sync raster within the same operating band.
· SSBs with SCS 15 kHz located on non-sync raster positions have pattern Case A;
· SSBs with SCS 30 kHz located on non-sync raster positions in bands n5 and n66 have pattern Case B;
· SSBs with SCS 30 kHz located on non-sync raster positions in all bands except bands n5 and n66 have pattern Case C.

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

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 drawback 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 confirms the working agreement on the GSCN for below 3 GHz to have minimum frequency gap larger than 30 kHz, 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 1:
· Confirm the working assumption on OFDM signal generation and up-conversion equations.

Proposal 2:
· Down-select between the two alternatives:
· Text proposal for the two alternatives are provided in Appendix A of R1-1804703.
· Alt 1) (Intel’s preference) For OFDM symbol generation of SS/PBCH block use a separate equation written as follows:

, where


and .
· 
for SS/PBCH block type A, .
· 

for SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and .
· 
· 
Alt 2) Definition of  variable should be updated as follows:




where for SS/PBCH block type A, , and for SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon.

Proposal 3:
· For SSBs located on non-sync raster positions the pattern for mapping to NR slots is the same as for SSBs on the sync raster within the same operating band.
· SSBs with SCS 15 kHz located on non-sync raster positions have pattern Case A;
· SSBs with SCS 30 kHz located on non-sync raster positions in bands n5 and n66 have pattern Case B;
· SSBs with SCS 30 kHz located on non-sync raster positions in all bands except bands n5 and n66 have pattern Case C.
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Appendix A
Text proposal based on Alt 1 described in section 2 is as follows:
========= start of text proposal ===============
[bookmark: _Toc510519303]5.3	OFDM baseband signal generation
[bookmark: _Toc510519304]5.3.1	OFDM baseband signal generation for all channels except SS/PBCH and PRACH
===============================Unchanged text omitted===============================
5.3.2	OFDM baseband signal generation for SS/PBCH


The time-continuous signal  on antenna port  for SS/PBCH is defined by



where  and


 and  are the subcarrier number and OFDM symbol number, respectively, within an SS/PBCH block given by clause 7.4.3.1; 

 is the subcarrier spacing of the SS/PBCH block; 

 is the subcarrier spacing configuration corresponding to SS/PBCH block; 



 is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than ; 




 and  are given by clause 7.4.3.1;

for SS/PBCH block type A, ;


for SS/PBCH block type B,  is obtained from the higher-layer parameter subCarrierSpacingCommon and ;

.
[bookmark: _Toc510519305]5.3.23	OFDM baseband signal generation for PRACH
===============================Unchanged text omitted===============================
========= End of text proposal ===============

Text proposal based on Alt 1 described in section 2 is as follows:
========= start of text proposal ===============
[bookmark: _Toc509493529]5.3.1	OFDM baseband signal generation for all channels except PRACH
===============================Unchanged text omitted===============================


The value of  is obtained from the higher-layer parameter k0 given by

 , 




where for SS/PBCH block type A, , and for SS/PBCH block type B, the variable  corresponds to subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .
========= End of text proposal ===============



Appendix B

	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

[bookmark: _GoBack]
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