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1. Introduction
In this contribution, we discuss the remaining details on synchronization signal, including indication of actual SS/PBCH block(s) transmission and redesign issue of SS/PBCH block.

2. The indication of actual SS/PBCH block transmission
The indication of compressed form for above 6GHz case
In RAN1 NRAH#3 meeting [1], it was agreed as working assumption that Group-Bitmap(8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case. Before confirming working assumption, we should consider the trade-off of signaling overhead and flexibility. There are other alternatives which have less bits for signaling, but those also lose flexibility for the indication of actual SS/PBCH block transmission. Depending on the UE status and deployment scenario, network need to allocate resources as flexible as possible. The working assumption is appropriate since the Group-bitmap with bitmap in group can provide more flexibility with low bit size among the alternatives.
Proposal 1: 
· Confirm the working assumption that Group-Bitmap (8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case.

SS/PBCH Block Redesign
In RAN1#90bis meeting [2], RAN1 agreed the redesign of SS/PBCH block with 20 RB bandwidth which has a benefit of less number of SS entry. Also, it was agreed that same mapping rule (frequency-first, time-second) for data and DMRS is applied. Figure 1 shows the redesign of SS/PBCH block:
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Figure 1. The resign of SS/PBCH block with 20 PRB bandwidth

Since the remaining PRBs in 3rd OFDM symbol are used for PBCH transmission, power boosting for SSS transmission cannot be allowed. In this reason, it was agreed as working assumption that The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB. Therefore, it is expected that one shot detection of Cell-ID could not be guaranteed. If RAN1 allows the detection performance of Cell-ID, we can confirm the working assumption of 0dB EPRE offset between SSS RE and PBCH DM-RS RE.
Proposal 2:
· If RAN1 allows the detection performance of Cell-ID, we can confirm the working assumption of 0dB EPRE offset between SSS RE and PBCH DM-RS RE.

In the redesigned PBCH, the number of RE for PBCH transmission is 576 which is same as original SS/PBCH design with 24 PRB bandwidth. Based on the assumption that DMRS density and DMRS mapping of PBCH are same with original SS/PBCH design, RAN1 simply expected to keep the decoding performance using the redesigned PBCH. However, since using PBCH DMRS in 3rd OFDM symbol could not guarantee to keep the channel estimation performance, it is hard to expect same decoding performance from the redesigned PBCH design. Hence, if there is better design of DMRS position for performance enhancement of PBCH decoding, we can accept the design instead of working assumption which is that the same DMRS density in the PBCH PRB in the SSS symbols is assumed. The following PBCH DMRS mapping can be considered as an alternative:
· DMRS Density: 4RE per RB per symbol
· DMRS mapping
· Equal density mapping for 2nd and 4th symbol of SS/PBCH block
· No DMRS mapping for 3rd symbol of SS/PBCH block
This alternative could provide better channel estimation performance and PBCH decoding performance than the redesigned SS/PBCH. In section 3, we provide evaluation result to compare decoding performance of PBCH of alternatives.

3. Evaluation Result
In this section, we provide evaluation result to compare PBCH decoding performance of alternatives. In these evaluations, it is assumed that default periodicity of SS burst set (i.e. 20 ms) is used, and encoded bits are transmitted within 80ms. Detailed simulation assumptions are described in Appendix B. The details of SS/PBCH block design are the following:
· Alt.1 (Original PBCH design): Two OFDM symbols (i.e. 2nd and 4th OFDM symbol of SS/PBCH block) with 24 RBs are used for NR-PBCH transmission (Total 48RBs)
· DMRS density: 3RE per RB per symbol
· DMRS mapping: Equal density mapping for 2nd and 4th OFDM symbol of SS/PBCH block
· The number of RE for DMRS: 144
· Alt.2 (Redesigned PBCH): Two OFDM symbols (i.e. 2nd and 4th OFDM symbol of SS/PBCH block) with 20 RBs and one OFDM symbol (i.e. 3rd OFDM symbol of SS/PBCH block) with 8 RBs are used for NR-PBCH transmission (Total 48RBs)
· DMRS density: 3RE per RB per symbol
· DMRS mapping: Equal density mapping for 2nd, 3rd, and 4th OFDM symbol of SS/PBCH block
· The number of RE for DMRS: 144
· Alt.3: Two OFDM symbols (i.e. 2nd and 4th OFDM symbol of SS/PBCH block) with 20 RBs and one OFDM symbol (i.e. 3rd OFDM symbol of SS/PBCH block) with 8 RBs are used for NR-PBCH transmission (Total 48RB)
· DMRS density: 4RE per RB per symbol
· DMRS mapping: Equal density mapping for 2nd and 4th OFDM symbol of SS/PBCH block
· No DMRS mapping for 3rd symbol of SS/PBCH block
· The number of RE for DMRS: 160
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 (a) Alt.1 Original PBCH design    (b) Alt.2 Redesigned PBCH (WA)     (c) Alt.3 New alternative
 Figure 2. Alternatives for SS/PBCH block design
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Figure 3. PBCH decoding performance (No interference cell)
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Figure 4. PBCH decoding performance (Three interference cells)

From Figure 3 to Figure 4, it is observed that working assumption (Alt.2) provides worse performance than Alt.1 or Alt.3. The loss of decoding performance comes from worse channel estimation performance of DMRS of 3rd symbol. Also, among the three proposed schemes, Alt.3 shows the best performance. This performance gain comes from getting more accurate channel information by more DMRS than other alternatives. 
Observation:
· The PBCH decoding performance of redesigned PBCH (WA) is worse than the performance of the original PBCH design.
· The performance of new alternative PBCH design shows the best performance among the three alternatives. This performance gain comes from getting more accurate channel information by more DMRS than other alternatives.

Proposal 3: 
· For enhancement of channel estimation performance, following alternative for SS/PBCH design should be accepted instead of current working assumption of PBCH DMRS mapping:
· DMRS Density: 4RE per RB per symbol
· DMRS mapping
· Equal density mapping for 2nd and 4th OFDM symbol of SS/PBCH block
· No DMRS mapping for 3rd OFDM symbol of SS/PBCH block

4. Conclusion
[bookmark: _GoBack]In this contribution, we discussed the remaining details on synchronization signal, including indication of actual SS/PBCH block(s) transmission and redesign issue of SS/PBCH block.
Indication of actual SS/PBCH block transmission
Proposal 1: 
· Confirm the working assumption that Group-Bitmap (8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case.

EPRE offset between SSS RE and PBCH DMRS RE
Proposal 2:
· If RAN1 allows the detection performance of Cell-ID, we can confirm the working assumption of 0dB EPRE offset between SSS RE and PBCH DM-RS RE.

PBCH DMRS mapping
Observation:
· The PBCH decoding performance of redesigned PBCH (WA) is worse than the performance of the original PBCH design.
· The performance of new alternative PBCH design shows the best performance among the three alternatives. This performance gain comes from getting more accurate channel information by more DMRS than other alternatives.
Proposal 3: 
· For enhancement of channel estimation performance, following alternative for SS/PBCH design should be accepted instead of current working assumption of PBCH DMRS mapping:
· DMRS Density: 4RE per RB per symbol
· DMRS mapping
· Equal density mapping for 2nd and 4th OFDM symbol of SS/PBCH block
· No DMRS mapping for 3rd OFDM symbol of SS/PBCH block

5. Reference
RAN1#90 meeting Chairman’s note 
RAN1#90bis meeting Chairman’s note 

Appendix A

	Agreements: (RAN1 #90) [1]
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives
· Alt.1: Group-Bitmap + Bitmap in Group
· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· Alt.6: Group-Bitmap
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
· 

	Agreements: (RAN1 #90bis) [2]
· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
· X=20 
· Y=2*(24-X) 
· Same mapping rule(frequency-first, time-second) for data and DMRS is applied
· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 
· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)
· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS
· After initial cell selection, the UE is expected to find a single SCS per frequency layer
· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB



Appendix B
	Table 1. Link-level Evaluation Assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Channel Model
	CDL_C (delay scaling values: 100ns) 

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	TRP: (1,1,2) with Omni-directional antenna element
UE: (1,1,2) with Omni-directional antenna element

	Frequency Offset
	0% of subcarrier spacing

	Default period
	20 ms

	Subframe duration
	1 ms

	OFDM symbols in SF
	14

	Number of interfering TRPs
	1

	Operating SNR
	-6 dB



Appendix C: Cell ID detection Performance
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Figure 5. Cell ID detection Performance (Single Cell)

Appendix D: PBCH Decoding performance
[image: ]
(a) one shot
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(b) Accume 2 times
Figure 6. PBCH decoding performance (No interference cell)
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(a) One shot
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(b) Accume 2 times
Figure 7. PBCH decoding performance (Three interference cells)
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