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1 Introduction
This contribution discusses the following remaining issues on sync signals:
· SSB composition
· OFDM baseband signal generation for SSB and RMSI
· Further details on rate matching 
2 Remaining Issues on SS/PBCH Block Composition
In RAN1 #90bis [1], in order to support multiple numerology for a limited number of bands and to reduce the number of SS entries for searching in initial access, a revised SS/PBCH block composition design was agreed, wherein the PBCH bandwidth has been reduced from 24 PRBs per symbol to X = [20] PRBs per symbol, and the reduced Y = [8] PRBs in total are added to SSS symbol such that the BW of the three symbols for PBCH/SSS are aligned. There are several remaining working assumptions to confirm in RAN1 #91, based on evaluation results:
· X = 20;
· Y = 2*(24-X);
· The same DMRS density in the PBCH PRB in the SSS symbols;
· The EPRE offset between SSS RE and PBCH DMRS RE is 0 dB.
In this contribution, a set of simulations comparing the DMRS detection performance and PBCH decoding performance is performed, and the evaluation results are shown in FIGURE 1 and FIGURE 2 for single-cell and multi-cell scenario, correspondingly (referring to TABLE 1 for evaluation parameters). One can observe that the curves for DMRS and PBCH performances before and after revision are almost aligned, and the revision’s impact on DMRS and PBCH performances is minor. Actually, the motivation of the working assumptions is to maintain the same number of REs for DMRS and PBCH as in the originally agreed design, such that there is no significant performance loss, and our evaluation results further testify that the working assumptions are essential.   
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Meanwhile, as summarized in [2], the number of SS entries for initial cell search can be remarkably reduced by truncating the BW of SS/PBCH block from 24 PRBs to 20 PRBs (e.g. for Band n78, the number of SS entries can be reduced from approximately 5000 to 325, and for Band n41, the number of SS entries can be reduced from approximately 1940 to 126), and no further reduction is required. Actually, further reduction may not have significant gain in term of the number of SS entries [2], and may lead to potential DMRS and PBCH’s performance loss. 
Based on the above discussion, we propose that the working assumptions from last meeting should be confirmed. 
Proposal 1: Confirm the working assumptions from last meeting on the SS/PBCH block composition design: 
· X = 20;
· Y = 2*(24-X);
· The same DMRS density in the PBCH PRB in the SSS symbols;
· The EPRE offset between SSS RE and PBCH DMRS RE is 0 dB.


3 [bookmark: _GoBack]OFDM Baseband Signal Generation
Initial access UE does not know the DL system bandwidth center because;
· DL system bandwidth center may not be the same as the SSB bandwidth center 
· The UE has not been informed about DL system bandwidth center yet
Therefore, mismatch between UE’s baseband center frequency assumption and the actual signal center frequency is unavoidable. Consequently, the UE will suffer from unknown phase rotation across OFDM symbols. This will impact UE performance until the UE identify the frequency mismatch and compensate it. 
The mathematical representation of the phase rotation is as follow:
Assume that each OFDM symbol of the baseband signal transmitted from gNB is represented as 
	
	(1)


where  is subcarrier index and  is symbol index.  is the relative time within one OFDM symbol;  is the length of CP and  is the length of OFDM symbol without CP;  is the data transmitted;  is the subcarrier spacing. 
Given that gNB center frequency is , each OFDM symbol of the transmitted signal can be represented as
	
	(2)


where  is the starting position of OFDM symbol l, which is given by
	 
	(3)



Assuming the UE center frequency as , its received signal after mixer is
	
	(4)


where  and . Note that the center frequency offset is always an integer number of subcarrier. Therefore,  is an integer number and can be taken care of by adjusting subcarrier index implicitly. Therefore, the impact of this center frequency offset is only the unknown per-symbol phase rotation . 
Observation 1: For initial access, UE’s baseband center frequency assumption and the actual signal center frequency are likely to be different. Consequently, the initial access UE will suffer from unknown phase rotation across OFDM symbols if no phase compensation is done at the network side.
Observation 2: Before RRC connection is established, the phase rotation impact due to the center frequency mismatch would become worse when UE receives RMSI and other channels, e.g., msg2/4. This is because PDSCH transmission does not have enough DMRS for UE to estimate/compensate the phase rotation.
If the center frequency offset can be informed in early stage, e.g., via MIB, UE would be able to recover the phase rotation impact after the point of MIB acquisition. However, MIB payload is already overloaded so that no more room would be available to accommodate the center frequency offset signaling. Further, phase rotation problem still remains when initial access UE receives SSB (i.e., before UE acquires MIB).
Therefore, in order to address the phase rotation problem for initial access, the gNB transmitter side compensation would be needed. That is, gNB compensate the phase rotation in advance for SSB and RMSI transmission and UE does not require any signaling for the center frequency during initial access procedure. 
Proposal 2: gNB compensates the phase rotation for SSB and RMSI transmission and UE does not require any signaling for the center frequency during initial access procedure.
4 Rate Matching around SSBs
1 
2 
3 
4 
Rate matching bandwidth
At least for rate matching purpose, actual SS block transmission can be indicated by either UE-specific RRC signalling or RMSI signalling. Regarding the way of rate matching around SS block, three options as shown in Figure 3:
Alt 1) Rate match around the REs in SS block OFDM symbols
Alt 2) Rate match around the PBCH BW in SS block OFDM symbols
Alt 3) Rate match at the data PRB boundaries around the PBCH BW in SS block OFDM symbols
Alt 4) Rate match around the whole SS block OFDM symbols
In case of Alt 1 and Alt 2, more REs will be available in PSS/SSS OFDM symbols than PBCH OFDM symbols for PDSCH than Alt 3 and Alt 4. Alt 1 is least preferred because it does not give any guard for PSS detection. It is also noticed that Alt 1 increases UE implementation complexity to deal with different combination of SCS values for FDM’ed SSB and data. Between Alt 2 and Alt 3, Alt 3 is preferred because of the simplicity, e.g., full DMRS is always available. The issue can be seen in Figure 2. When the PDSCH SCS is smaller (e.g., 15kHz or 120kHz) than the SSB numerology (30kHz or 240kHz), the REs in left-over BW of PSS/SSS cannot be easily used for PDSCH mapping. Alt 4 can be useful when the UE need to perform Rx beam sweeping in SS block OFDM symbols. 
Considering the pros and cons of the alternatives, we propose that the gNB can configure rate match BW around the SS block between Alt 3 and Alt 4.
Proposal 3: How to rate match around actual transmitted SS block can be RRC configured to the UE between:
· Opt 1: Rate match at the data PRB boundaries around the PBCH BW in SS block OFDM symbols (Alt 3 in Figure 3)
· Opt 2: Rate match around the SS block OFDM symbols (Alt 4 in Figure 3)





 

FIGURE 3
Rate matching around SSB in relation to SMTC
Based on the RAN1 agreements, SSB set composition and SSB periodicity are configured separately for rate matching purpose and mobility measurement purpose. The two composition information can be different, and a clarification is necessary on the UE behaviour on how to measure SSBs and receive PDSCH data in the SMTC durations and outside SMTC durations. 
Outside the SMTC durations, it is natural that the UE performs rate matching according to the SSB composition indicating for the rate matching purpose. 
In the SMTC, however, the UE should be able to measure SSBs according to the SSB set composition indicated for the mobility measurement purpose, even if the corresponding SSB time/frequency resources are indicated to be available for PDSCH data transmission by the SSB composition information for the rate matching purpose. Hence, it is proposed for UE to perform rate matching around SSBs according to the SSB composition information provided for the mobility measurement purpose, if the slot is inside the SMTC duration. 
Proposal 4: UE shall rate match around SSBs according to SSB composition information provided for:
· The rate matching purpose if the slot mapping the SSB is outside the SMTC duration.
· The mobility measurement purpose if the slot mapping the SSB is inside the SMTC duration. 
Non-cell-defining SSB indication for rate matching purpose
Given that the SSB composition information can be best indicated by the bitmap signaling, it is proposed to use the bitmap signalling to indicate non-cell-defining SSBs for the rate matching purpose. The rate-matching resource (RMR) based signalling can be highly inefficient for these always-on signals. For the L=64 SSBs 64 individual RMR bitmaps comprising both time and frequency domain is likely to be necessary to be configured, if RMR framework is adopted. The bitmap RRC parameter for SSB set composition is already available, and it would be a simple matter to use it for indicating the non-cell-defining SSBs. 
Proposal 5: Use the L-bit full bitmap signalling for indicating non-cell defining SSBs for rate matching purpose. 
5 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: Confirm the working assumptions from last meeting on the SS/PBCH block composition design: 
· X = 20;
· Y = 2*(24-X);
· The same DMRS density in the PBCH PRB in the SSS symbols;
· The EPRE offset between SSS RE and PBCH DMRS RE is 0 dB.

Proposal 2: gNB compensates the phase rotation for SSB and RMSI transmission and UE does not require any signaling for the center frequency during initial access procedure.
Proposal 3: How to rate match around actual transmitted SS block can be RRC configured to the UE between:
· Opt 1: Rate match at the data PRB boundaries around the PBCH BW in SS block OFDM symbols (Alt 3 in Figure 3)
· Opt 2: Rate match around the SS block OFDM symbols (Alt 4 in Figure 3)
Proposal 4: UE shall rate match around SSBs according to SSB composition information provided for:
· The rate matching purpose if the slot mapping the SSB is outside the SMTC duration.
· The mobility measurement purpose if the slot mapping the SSB is inside the SMTC duration. 
Proposal 5: Use the L-bit full bitmap signalling for indicating non-cell defining SSBs for rate matching purpose. 
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[bookmark: _Ref490048934]TABLE 1 
	Parameters
	Value

	Subcarrier spacing
	30 kHz

	Carrier frequency
	4 GHz

	Antenna configuration
	2x2

	SS burst set periodicity
	20 ms

	Velocity
	3 km/h

	Channel model
	CDL-C 

	Delay spread scaling
	100 ns

	Channel estimation
	2D MMSE

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	Interference model
	As in [3]
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