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1 Introduction
There are many discussions about channel raster and sync raster in previous RAN4 meetings, a WF on channel raster and sync raster was agreed on RAN4 #84 meeting [1]. We can conclude that an offset will exist between SS block central frequency and data central frequency written as M*fscs. In fact this offset will cause significant issue for SS block transmission because of the discrepancy of transmitting frequency and receiving frequency.
In last RAN4 meeting, we have already discussed this problem by [2], we received comments that companies consider this problem is implementation problem. In fact, it is a protocol problem since it relates to gNB side and also UE side.
This paper gives discussion on the SS block transmission problem and solution both on gNB side and UE side, and provides performance analysis on these solutions.
2 Discussion

2.1 SSB transmission problem

Since there is an offset between SS block and data frequency, we firstly need to consider how to transmit SSB and data on gNB side. The default understanding for the above issue is to mapping the entire transmission signal in the related carrier. It means the SSB and data are processed as a whole block, and they are generated with the same central frequency fc. The processing procedure can be shown in Fig 1, fc is the central frequency of the carrier, suppose the SCS for data and SSB are the same, the offset between SSB and fc is M*fscs. 
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Fig 1. Default SS block and data transmission
From Fig 1, we can deduce the signal processing procedure. Suppose the data for kth subcarrier, symbol 
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, the signal expression with CP addition in time domain can be written as below:
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After up-convert to fc we can get:
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For UE side, the receiver will first detect the SSB on its central frequency, so UE will down-convert the signal by fc+Mfscs, then we get the signal as below:
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So we can get the signal in time-domain as below:
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From the above expression, it can be seen that the received signal has phase deviation on different symbol as 
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 caused by the Mfscs offset, which will significantly affect the performance of SS block signal.
Observation 1: The discrepancy on transmitting and receiving central frequency of SSB will produce a phase shift among symbols when UE demod PBCH, this phase shift should be eliminated on either gNB side or UE side.
Observation 2: This problem is a protocol issue, gNB and UE should know the process method of each other, RAN4 should have a common understanding on this issue.
2.2 Solution on gNB side

According to the issue discussed above, we provide solution shown in Fig 3 to eliminate the phase error. gNB needs to compensate the phase error per symbol when transmitting the SSB signal before up-converting. However, it needs to revise the signal generating formula in 38.211. 
[image: image13.emf]e

j2

π

fct

RF

Antenna 

port

Data 

mapping

SSB2

N1 point 

IFFT

)] ( [

2

Ncp N l

N

M

j

e

 



BBIC RFIC


Fig 3. SS block is phase compensated on gNB side 
The predefined phase offset configured for the SSB can just cancel the deviation discussed in 2.1. 
The benefit and drawback of solution on gNB side are as below:
Benefit: Solution on gNB side doesn’t affect the performance of SSB detection.
Drawback: Solution on gNB side needs to revise the signal generating formula in TS 38.211.
Observation 3: Solution on gNB side can solve the phase shift problem perfectly without any performance loss since gNB know the offset Mfscs in advance.
2.3 Solution on UE side
Since UE don’t know the offset between data and SSB (Mfscs) before access to the network, the only way to compensate the signal error is to evaluate. The accuracy of evaluate result depends on lots of factors that UE cannot predict, such as channel state, the UE position, etc. , so it will cause performance reduction and extra delay on SSB detection. 
According to the analysis on the UE solution for the discrepancy problem, we can see that there will be a performance impairment up to 2dB. For RF receiver performance especially on FR2, 2dB performance loss cannot be accepted, it will affect the DL coverage.
Benefit: UE solution doesn’t need to revise the signal generating formula in 38.211.

Drawback 1: UE solution can not accurately evaluate the phase error especially under low SNR, the performance loss can be up to 2dB.
Drawback 2: It will increase the UE implementation complexity.
Observation 4: UE solution is with limiting accuracy under different precondition, it will lose performance up to 2dB and increase the UE implementation complexity meanwhile.
Proposal 1: RAN4 should have a common understanding that whether this problem is resolved on the gNB side or on the UE side.
Proposal 2: To adopt the gNB solution: the gNB should compensate the phase shift when transmitting the SSB to ensure the SSB receiving performance.
3 Conclusion

In this contribution we discussed on the SS block transmission problem and solution , according to the analysis, we have the following proposal:
Observation 1: The discrepancy on transmitting and receiving central frequency of SSB will produce a phase shift among symbols when UE demod PBCH, this phase shift should be eliminated on either gNB side or UE side.

Observation 2: This problem is a protocol issue, gNB and UE should know the process method of each other, RAN4 should have a common understanding on this issue.
Observation 3: Solution on gNB side can solve the phase shift problem perfectly without any performance loss since gNB know the offset Mfscs in advance.
Observation 4: UE solution is with limiting accuracy under different precondition, it will lose performance up to 2dB and increase the UE implementation complexity meanwhile.
Proposal 1: RAN4 should have a common understanding that whether this problem is resolved on the gNB side or on the UE side.

Proposal 2: To adopt the gNB solution: the gNB should compensate the phase shift when transmitting the SSB to ensure the SSB receiving performance.
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