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Introduction
In RAN1#90 meeting, the following has been agreed on synchronization signal for NR design [1]:
Working assumption:
· For indication in RMSI:
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted

In addition, in RAN1#90bis meeting, the following has been agreed on synchronization signal for NR design [2]:
Agreements:
· The following working assumption is confirmed:
· For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block

Agreements:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
Note: this means that all SS blocks within the SMTC measurement duration


NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR. Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we considered and discussed SS design for initial access, and related observations for SS for single and multi-beam initial access. Particularly, we discussed the remaining issues and details for synchronization signal including SS block designs and actual transmitted SS block(s) indication.

[bookmark: _Ref498720408]Considerations for SS/PBCH Block Design 
The bandwidth of NR-PBCH may be reduced to decrease the total number of hypothesis for initial cell selection. This can be beneficial for both sub-6GHz and above-6GHz. Some PRBs per symbol can be removed from original PBCH OFDM symbols and be added to SSS OFDM symbol. The same mapping rule i.e., frequency-first and time-second mapping rule for data and DMRS can be applied. The DMRS density in the NR-PBCH resources for the SSS OFDM symbols can be the same as the DMRS density in the NR-PBCH resources for the original PBCH OFDM symbols. For sub-6GHz, single subcarrier spacing (SCS) can be used. This may come with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth. For above-6GHz, a single subcarrier spacing (SCS) per band can be used. If dual SCS is considered to be used for a band, the number of hypothesis should be minimized and at least should not be increased, or not increased significantly as compared to the case of single SCS. After initial cell selection, the UE is expected to find a single SCS per frequency layer. The EPRE offset between SSS RE and PBCH DMRS RE may be 0 dB.
Two options can be considered for bandwidth reduction of NR-PBCH. Option 1 is depicted in Figure 1. In option 1, 4 PRBs per symbol can be removed from original PBCH OFDM symbols and be added to SSS OFDM symbol. Option 2 is depicted in Figure 2. In option 2, 6 PRBs per symbol can be removed from original PBCH OFDM symbols and be added to both PSS and SSS OFDM symbols. In both these designs the length of DMRS sequence is still 144 and hence will have no performance impact to SSBI detection. 


[image: ]
[bookmark: _Ref498640639]Figure 1: SS/PBCH Block Design Option 1 




[bookmark: _Ref498640642]Figure 2: SS/PBCH Block Design Option 2 

The corresponding resources within an SS/PBCH block for PSS, SSS, PBCH, and DMRS for PBCH for option 1 may be defined by Table 1.  

[bookmark: _Ref498296719]Table 1:  Resources within an SS/PBCH block for PSS, SSS, PBCH, and DMRS for PBCH. 
	Channel or signal
	
OFDM symbol number 
	
Subcarrier number 

	PSS
	0
	56, 57, …, 182

	SSS
	2
	56, 57, …, 182

	PBCH
	1, 3
	0, 1, …, 239

	PBCH
	2
	0, 1, …, 47 
and 
192, 193, …, 239 

	DMRS for PBCH
	1, 3
	


	DMRS for PBCH
	2
	
and







Proposal 1: For SS/PBCH block design, some PRBs per symbol (e.g., 4 or 6 PRBs) are moved from original PBCH OFDM symbols to SSS or PSS OFDM symbols to reduce SS/PBCH block bandwidth to e.g., 20 or 18 PRBs.

Actually Transmitted SS Blocks Indication
The positions of actually transmitted (or used) SS blocks may be signaled to the UE to assist the UE to perform measurement or to receive data or control channels. For example, the positions of the actually transmitted SS blocks may be signaled to the UE to assist the UE to perform CONNECTED or IDLE mode measurement. Furthermore, the positions of the actually transmitted SS blocks may be signaled to the UE for CONNECTED mode UEs to receive downlink data or control in the unused SS blocks (and potentially for IDLE mode UEs to receive downlink data or control in the unused SS blocks). It may be further investigated whether this information or signaling is available only in CONNECTED mode or can be used in both CONNECTED and IDLE modes. For example, the following signalling may be used to carry the information regaring the positions of the actually transmitted SS blocks.
· Connected mode: RMSI or RRC signaling may be considered 
· Idle mode: RMSI may be considered

Methods of indicating actually transmitted, used or unused SS blocks should be studied. In addition, signaling aspect for sending such indicator(s) should be considered. The prededined SS blocks are the possible SS block time locations. Both the number and positions of the maximum SS blocks in an SS burst set are predefined. 
In idle mode the indication of used SS blocks within the predefined SS blocks in SS burst sets that are actually transmitted may be sent via remaining minimum system information (RMSI). NR-PBCH or other system information (OSI) may also be possible to carry the indicator of used/unused SS blocks. 
In connected mode, dedicated signalling such as RRC signalling can be used to carry the indicator of used/unused SS blocks. It is also possible to use RMSI, OSI or NR-PBCH to carry the indicator of used/unused SS blocks in connected mode. 
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 should be studied. Whether the indication can be used for the RACH preamble configurations and associations should also be investigated. For rate matching purpose, UE specific and common PDSCH and CORESET should be considered. 
It has been agreed that for UE specific PDSCH and UE specific CORESET, if the UE has received no bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the signalling indicated in RMSI. If the UE has received a bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the bitmap indicated in RRC based signalling. 
For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE should assume that there is no SS block being transmitted in the allocated SS/PBCH resources.
For other channels, the UE should also assume SS/PBCH block transmission according to the signalling indicated in RMSI. The same principles should also be applied to common control channel such as OSI, paging, etc. That is, for common PDSCH and common CORESET, if the UE has received no bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the signalling indicated in RMSI. If the UE has received a bitmap through RRC signalling, the UE should assume SS/PBCH block transmission according to the bitmap indicated in RRC based signalling.
The signalling in RMSI is only for the associated SS/PBCH block. Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC can be for further study.
SS block time index indication may employ SS block grouping and reduced bitmap. SS blocks may be grouped into groups and each group may have  SS blocks for group i. Grouping may employ equal size or non-equal size grouping. SS burst may be a group. After grouping the resulting number of SS groups is denoted as  while . We may employ group-based bitmap to indicate the  SS block groups.  bits may be needed for group-based bitmap. For equal size grouping, the number of SS groups may be determined by


A Group can be defined as consecutive SS/PBCH blocks. In addition, a second indicator “Bitmap in Group” can indicate which SS/PBCH block is actually transmitted within a SS block Group. Each SS block Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted. This scheme achieve a good balance and trade-offs between indication flexibility and signaling overhead. For indication in RMSI, it was agreed the Alt.1: Group-Bitmap (8 bits) + Bitmap in Group (8 bits) as a working assumption.

Proposal 2: Confirm the working assumption that NR adopts Group-Bitmap (8 bits) with Bitmap in Group (8 bits) for actual transmitted SSB indication in RMSI.

QCL Indication for SS/PBCH Block 
A UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated (QCL-ed) with respect to spatial, average gain, delay and Doppler parameters. By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indexes are QCL-ed. In some cases network may want to repeat SS block in order to support Tx beam repetition for increased coverage for a given UE Rx beam or to support UE Rx beam sweeping, UE may need to know how network repeat the SS blocks. Whether the network indication of SS block repetition is needed or not may be investigated and the impact on QCL assumption may need to be studied. 
gNB has the flexibility to use different physical beams and its mapping for the SS/PBCH block transmission. It is not specified for the case where antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are not QCL-ed with respect to spatial, average gain, delay, and Doppler parameters. In case gNB may use different physical beams for the SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are different, gNB may need to indicate this case to UE.

[bookmark: _Ref498706575]Simulations Results and Discussions
Two designs for SS/PBCH block, both with 48 PRBs in total, were simulated. 
1. Original Design: 24 PRBs in each of two PBCH symbols (total 48 PRBs)
2. Option 1 (as described in section 2): 20 PRBs transmitted in 2 PBCH symbols and 8 PRBs transmitted in SSS symbol. (total 48 PRBs). 

56 bits of payload comprising of 32bits for NR-PBCH data and 24 bits for CRC was used. Performance comparsion is shown in Figure 3. No significant performance degradation between the two different designs was observed. 
[image: ]
[bookmark: _Ref498720467]Figure 3 Performance Comparison of SS/PBCH Block Designs 

The two designs for SS/PBCH block were also simulated for different delay spreads (30nS, 100nS and 300nS). Performance comparsion is shown in Figure 4. Maximum of 0.2 dB performance gap was observed at high delay-spread scenarios. 


[image: ]
[bookmark: _Ref498720496]Figure 4 Performance of SS/PBCH Block Designs 


Conclusions
In this contribution, we considered and discussed SS design for initial access, and related observations for SS for single and multi-beam initial access. We discussed the remaining issues and details for synchronization signal including SS block designs and actual transmitted SS block(s) indication. Based on observations, we have the following proposals:
Proposal 1: For SS/PBCH block design, some PRBs per symbol (e.g., 4 or 6 PRBs) are moved from original PBCH OFDM symbols to SSS or PSS OFDM symbols to reduce SS/PBCH block bandwidth to e.g., 20 or 18 PRBs.
Proposal 2: Confirm the working assumption that NR adopts Group-Bitmap (8 bits) with Bitmap in Group (8 bits) for actual transmitted SSB indication in RMSI.
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Appendix: Evaluation Assumptions


[bookmark: _Ref465929413]Table 2. Link Level Simulation Assumptions

	Parameter
	Values for Above 6GHz

	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C 

	Delay Spread
	30nS, 100nS, 300nS

	Doppler
	3kmph

	Payload
	32 Bits + 24Bits CRC

	Channel Coding
	Polar, List Length 8, CRC Based Decoding

	Subcarrier Spacing(s)
	120KHz 

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=90 degrees, directivity 5dB)

	Number of NR-PBCH OFDM Symbols
	2 or 3 (multiplex with SSS)

	DMRS Density
	¼

	Transmit Port
	Single Port Transmission

	SNR
	Receiver SNR

	Residual CFO
	10% Of SCS, 12KHz,
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