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1 Introduction

In  RAN1 #91, the following agreements on PRB grid offset related to SSB were reached [1]. 
	Agreements:
......

From RAN1, RMSI is assumed to be always PRB-aligned with PRB grid. However, the current 4-bit PRB grid offset in PBCH with 15kHz SCS can’t ensure the above assumption when RMSI has 30kHz SCS. Therefore, for FR1, RAN1 agrees to increase from 4-bit PRB grid offset to 5-bit PRB grid offset in PBCH where the 5-bit PRB gird offset in PBCH is in unit of subcarrier based on 15kHz SCS, while for FR2, there is still 4-bit PRB grid offset and RAN1 assumes the 4-bit PRB grid offset in PBCH is in unit of subcarrier based on RMSI numerlogy.



In this contribution, we give our further considerations on some remaining issues, especially for the yellow parts shown above, and provide our preference on the options for the OFDM symbol generation.
2 Issues on time-frequency structure of an SS/PBCH block
2.1 Analysis
In above agreements, the unit of 
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(i.e. PRB grid offset) had been agreed. But the description of 
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in section 7.4.3.1 in TS 38.211 is not clear. 
2.2 Proposed change
Based on the above, the following the proposed change is provided.
-------------------------------------Text Proposal for 38.211----------------------------------

7.4.3.1
Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS occupy different symbols as given by Table 7.4.3.1-1. 

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block. The quantities 
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 represent the frequency and time indices, respectively, within one SS/PBCH block. The UE may assume resource elements denoted as ‘Set to 0’  in Table 7.4.3.1-1 are set to zero. Subcarrier 0 in an SS/PBCH block corresponds to subcarrier 
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 which is numbered starting from subcarrier 0 in common resource block  
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, where 
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is in unit of subcarrier based on 15 kHz subcarrier spacing and based on RMSI numerology for SS/PBCH block type A and SS/PBCH block type B respectively,  
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 is obtained from the higher-layer parameter offset-ref-low-scs-ref-PRB.

Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and not used for transmission of PDSCH or PDCCH. The UE may assume resource elements not used for SS/PBCH transmission but part of a partially overlapping common resource to be set to zero. 

For an SS/PBCH block, the UE shall assume 

-
antenna port 
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the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,  

-
for SS/PBCH block type A, 
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 is expressed in terms of 15 kHz subcarrier spacing, and

-
for SS/PBCH block type B, 
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 is expressed in terms of 60 kHz subcarrier spacing.

The UE may assume that SS/PBCH blocks transmitted with the same block index are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.

3 Issues on 
In email discussion, three options for the OFDM symbol generation are provided [2]. The detail description of the three options as following. 

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

Based on analysis of implementation process of three options in contribution [2] , we analyze the advantages and disadvantages of three options, as follows:

For Option 1

-advantages: For SS/PBCH block, only gNB needs to pre-compensates phase and UE does not need to do any compensation.

-disadvantages: for  RMSI PDCCH and PDSCH, both gNB and UE need to compensates phase when UE needs to retune Rx frequency from center frequency of SS/PBCH block to center frequency of RMSI PDCCH and PDSCH due to the restrictions on the minimum bandwidth capacity of UE. 

In addition, for all other signals/channels, gNB does not need to pre-compensates phase, but UE needs to compensate phase and must know the Tx frequency of gNB. Otherwise, phase compensation cannot be completed. Therefore, gNB needs to inform the UE of its Tx frequency before transmitting all other signals.

For Option 2

-advantages: Similar as Option 1, for both SS/PBCH block and RMSI PDCCH and PDSCH, only gNB needs to pre-compensates phase and UE does not need to do any compensation.

-disadvantages: gNB needs to pre-compensates phases using two reference phases for SS/PBCH block and RMSI PDCCH and PDSCH, respectively. Therefore,  processing complexity of the gNB is higher than Option 1.  

In addition, for all other signals/channels, Option 2 and Option 1 have the shortcomings, i.e. gNB needs to inform UEs of its Tx frequency before transmitting all other signals.

For Option 3

-advantages: gNB pre-compensates all OFDM symbols using center frequency of its own center frequency. UE will use its own center frequency for compensation of all signals received. Therefore, gNB does not to need to know Rx frequency of UE, and UE also does not need to know Tx frequency of gNB.

-disadvantages: both gNB and UE need to compensate phase for all signals.

Based on above analysis, we can observe that the biggest drawback of Option 1 and Option 2 is that gNB needs to tell UE its Tx frequency before transmitting all other signals. This will increase the signaling overhead of the system. Therefore, we propose to use the option 3 for the OFDM symbol generation.
Proposal 1: Support option 3 for OFDM symbol generation

4 Conclusion

In this contribution, we provide some text proposals for time-frequency structure of an SS/PBCH block. 

In addition, we propose to use option 3 for the OFDM symbol generation.
Proposal 1: Support option 3 for OFDM symbol generation
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