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1. Introduction
In RAN1#90bis meeting, the agreement in [1] has been reached for revised SS block as below:
	Agreements:
· 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



In this paper, we provided the analysis and discussion on the working assumption in the agreement and also discuss the open issues for PBCH content.
2. Discussion
2.1. SS Block Structure 
To check the impact of the working assumption for revised SS block, the simulations have been conducted to compare with the original agreement based on 24 PRBs over two non-consecutive symbols in terms of the SBI detection and PBCH demodulation performance.
As shown in Figure 1 and Figure 2, the simulations have been done for EPA5 and TDL-C 100ms channels. It can be observed that the performance for both SBI detection and PBCH demodulation is not degraded. Actually, PBCH demodulation performance can even be improved in the revised SS block due to optimized channel estimation across 3 PBCH symbols assisted by SSS. And it is not easy to do the same way of channel estimation for the original PBCH design due to two non-consecutive PBCH symbols and the relative smaller SSS bandwidth. It can be noted that up to 1dB performance improvement can be achieved with acceptable UE complexity.
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Figure 1. Performance of 20PRBs@3 symbols vs. 24 PRBs@2 symbols with 56bits @ EPA5
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Figure 2. Performance of 20PRBs@3 symbols vs. 24 PRBs@2 symbols with 56bits @ TDL-C



On the other hand, 20 PRB bandwidth for PBCH is also beneficial for UE cell search complexity reduction. The highest sync complexity is mostly happened for the case of 30khz SS block numerology with 10Mhz minimum bandwidth, because the minimum bandwidth (24 PRBs) agreed in RAN4 is same as SS block bandwidth (24 PRBs). In this case, the sync raster would be same as the channel raster, i.e., 100khz based on RAN4 formula as below: 
syn_raster = Min_bandwidth_PRB – SS_block_bandwidth_PRB + channel_raster_100khz. 
In particular, when the bandwidth of the band is quite large, the sync complexity would be extremely high, e.g., 8900 sync entries for band 3.3~4.2GHz. In this 30khz@10Mhz case, even 1 PRB reduction can reduce the complexity significantly as shown in Figure 3 (up to 80%).
However, after some point, the reduction of the bandwidth won’t help much as shown in Figure 3. For example, below 20 PRBs, the ratio for sync complexity reduction is getting quite small. So further reduction of the PBCH bandwidth below 20PRBs doesn’t help for the sync complexity reduction.
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Figure 3. Sync entries reduction vs. PBCH bandwidth.
In summary, considering both SBI/PBCH performance and sync complexity reduction, the working assumption can be confirmed as a good compromise to resolve the open issues of PBCH for completion of Rel15 standardization on time.
Proposal 1: RAN1 confirms the working assumption for the revised SS block design.

2.2. PBCH Content 
Another open issue for PBCH is the content in addition to PBCH channel coding. The design has to consider the tradeoff between the payload size and the flexibility (and/or forward compatibility) of the system. The larger payload size may result in the poor coverage or more combining for PBCH demodulation with high UE power consumption. The smaller payload size may restrict the flexibility and even increase UE power consumption, because UE may have to read both PBCH and the following RMSI for the essential system information rather than one-step acquisition with only PBCH reading. So it is important to secure the flexibility and forward compatibility while minimizing the PBCH payload size.
Observation 1: It is important to secure the flexibility and forward compatibility with minimal PBCH payload size. 
In Table 1 below, we summarize the contents agreed so far to check the feasibility.
Table 1. PBCH Content agreed so far
	Parameters in PBCH payload
	below-6GHz
	above-6GHz

	SFN
	10
	10

	RAN2 cell bar
	2
	2

	RAN2 spared bit 
	1
	1

	PRB grid alignment
(12 values for 0~11 REs) 
	4
	4

	SS block index 
(for above-6GHz)
	0
	3

	1st PDSCH DMRS position
(working assumption)
	1
	1

	C0 
(Half radio frame indication)
	1
	1

	CRC 
(same as PDCCH)
	24
	24

	RMSI CORESET Configuration
	8
	8

	RMSI numerology
	1
	1

	Remaining bits
	4
	1

	Total (bits)
	56
	56



It can be noticed that “PRB grid alignment” with 4 bits indicating only 12 values can still have some room for carrying the other information elements with joint coding. For example, “RAN2 spared bit” information and “RMSI numerology” information can be coded together with “PRB grid alignment” with total 4 bits for payload size optimization or reduction, as shown in Table 2:
Table 2. Joint coding for payload reduction
	b3
	b2
	b1
	b0
	Comments

	0
	0
	0
	0
	PRB grid alignment

	0
	0
	0
	1
	

	0
	0
	1
	0
	

	0
	0
	1
	1
	

	0
	1
	0
	0
	

	0
	1
	0
	1
	

	0
	1
	1
	0
	

	0
	1
	1
	1
	

	1
	0
	0
	0
	

	1
	0
	0
	1
	

	1
	0
	1
	0
	

	1
	0
	1
	1
	

	1
	1
	0
	0
	e.g., for 1 bit information of RAN2 Spared bit

	1
	1
	0
	1
	

	1
	1
	1
	0
	e.g., for 1 bit information of RAN1 Spared bit or 1 bit information of RMSI numerology indication



In short, it is feasible to have joint coding for PRB grid alignment and other information elements to reduce the PBCH payload size.
Proposal 2: Joint coding can be applied for PRB grid alignment and the other information elements (e.g., RMSI numerology) for payload size reduction. 
Currently, there are two 30khz SS block mapping patterns agreed for LTE/NR co-existence case and the other use case separately in below-6GHz as shown in Figure 4. However, it is difficult for UE to know exactly which pattern is used in operation, even if UE can decode PBCH based on one of detected SS blocks. On the other hand, it is not expected for UE to blindly detect 30khz SS block mapping pattern. However, such mapping pattern information is important for UE RRM measurement and pre-sync for RMSI reception. So it is necessary to indicate 30khz SS block mapping pattern in PBCH and RRM measurement related signaling for UE to perform RMSI pre-sync and RRM measurement properly. 
[image: ]
Figure 4. Two 30khz SS block mapping patterns in below-6Ghz case.

Proposal 3: Indication of 30khz SS block mapping pattern is carried in PBCH for proper pre-sync and RRM measurement. 

In summary, the PBCH content can be updated as Table 3 below considering joint coding for PRB grid alignment and 1 bit indication for 30khz SS block mapping pattern for below-6GHz case. It can be noticed that more bits are available for (future) usage while keeping the total payload size as the target 56bits.
Table 3. Updated PBCH Content
	Parameters in PBCH payload
	below-6GHz
	above-6GHz

	SFN
	10
	10

	RAN2 cell bar
	2
	2

	RAN2 spared bit 
	1
	1

	PRB grid alignment, RMSI Numerology and RAN2 Spared bit
(12 values for 0~11 REs) 
	4
	4

	SS block index 
(for above-6GHz)
	0
	3

	1st PDSCH DMRS position
(working assumption)
	1
	1

	C0 
(Half radio frame indication)
	1
	1

	CRC 
(same as PDCCH)
	24
	24

	RMSI CORESET Configuration
	8
	8

	RMSI numerology
	1
	1

	Indication of 30khz SS block mapping pattern
	1
	0

	Remaining bits
	5
	2

	Total (bits)
	56
	56




3. Conclusion
In summary, we have the following observations and proposals based on the analysis and discussions to address the open issues for PBCH:
Proposal 1: RAN1 confirms the working assumption for the revised SS block design.
Observation 1: It is important to secure the flexibility and forward compatibility with minimal PBCH payload size. 
Proposal 2: Joint coding can be applied for PRB grid alignment and the other information elements (e.g., RMSI numerology) for payload size reduction. 
Proposal 3: Indication of 30khz SS block mapping pattern is carried in PBCH for proper pre-sync and RRM measurement. 
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