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1 Introduction
In RAN1 #88bis [1], NR SI describes synchronization signal and DL broadcast signal/channel structure as follows,

· SS burst set periodicity default value for initial cell selection: 20/20 msec

· Number of symbols per SS block 
· 1 symbol NR-PSS

· 1 symbol NR-SSS

· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
· The number of antenna ports of NR-SSS is 1  
· FFS: indication of radio frame boundary by NR-SSS
In TR38.802 [2], it has been agreed that,

· A slot is defined as 7 or 14 OFDM symbols for the same SCS of up to 60kHz with normal CP.
· A slot is defined as 14 OFDM symbols for the same SCS higher than 60kHz with normal CP.
· From gNode B perspective, DL control channel can be located at the first OFDM symbol(s) in a slot and/or mini-slot.
In this contribution, we further discuss the synchronization channel designs in terms of the SS block composition, the deployment of SS burst set and corresponding information bits carried by the SS block.
2 SS block composition
2.1 Mapping of NR-PSS/NR-SSS and NR-PBCH in SS block
The mapping of NR-PSS, NR-SSS and NR-PBCH in SS block is illustrated in figure 1. Note that the bandwidth is different between NR-SS and NR-PBCH. However, we concentrate on the TDM format of NR-SS and NR-PBCH therefore the difference in frequency between them is not illustrated in the figure. 
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                 Figure 1: SS block composition

In the structure illustrated in figure 1-(a) and figure 1-(b), the NR-PSS locates before NR-SSS. In SS detection procedure, the PSS is always being detected first then the SSS. If we use the one in figure 1-(b), UE needs to have a buffer to store the NR-SSS who comes first. Hence the one in figure 1-(a) is a nature choice. The structure in figure 1-(c) puts the NR-SSS between two PBCH symbols, then the NR-SSS has equal one symbol offset from the two PBCH symbols, which may have slightly benefit if using NR-SSS to demodulate the NR-PBCH. However, due to different bandwidth of the NR-SSS and NR-PBCH, the hardware complexity will be increased. 
Proposal 1: Within the same SS block, NR-PSS and NR-SSS are mapped sequentially, i.e., PSS-SSS. 

· If NR-PBCH is presented in the same SS block with NR-PSS and NR-SSS, the NR-PSS, NR-SSS and NR-PBCH are mapped sequentially in SS block, i.e., PSS-SSS-PBCH. 
2.2 Mapping of SS blocks into slot

According to the conclusion of TR.38.802, the slot duration is listed in the table 1:
	Number
of
Symbol
	Slot duration(ms)

	
	15kHz
	30kHz
	60kHz
	120kHz
	240kHz

	7
	0.5
	0.25
	0.125
	/
	/

	14
	1
	0.5
	0.25
	0.125
	0.0625










Table 1: Slot durations
Based on the aforementioned agreements, 7 or 14 OFDM symbols composes a slot and at least the first OFDM symbol(s) of the slot should be reserved for the control channel. Therefore the following SS block composition should be considered disregarding the slot duration difference. For the slot composing of 7 OFDM symbol, the corresponding SS block composition should be figure 2. 
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Figure 2: SS block composition in 7-OFDM symbol slot
Observation 1: In case of 7-ODFM symbol slot, there is only one SS block mapping in a slot if the SS block contains both NR-SS and NR-PBCH. 
For the case a slot is composed of 14 OFDM symbol, the corresponding SS block composition is illustrated in figure 3. For non-self contained frame structure, the first OFDM symbol is used for DL control channel, and leave the last OFDM symbol as gap period, hence we obtain the structure in figure 3-(a) and figure 3-(c). For self contained frame structure, there should be at least one additional symbol for UL control channel, then we obtain the structure in figure 3-(b) and figure-3(d). 
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Figure 3: SS block composition in 14-OFDM symbol slot

Observation 2: In case of 14-ODFM symbol slot, number of SS blocks within a slot can be flexible , and the implementation depends on the frame structure type. 
Proposal 2:  If the SS block contains NR-PSS, NR-SSS and NR-PBCH, the maximum number of SS blocks within a 7-OFDM symbol slot is 1. The maximum number of SS blocks within a 14-OFDM symbol slot is 3.
3 SS burst set composition
It has been agree that 20ms is the default periodicity value of SS burst set, during which the SS burst set spans two radio frames. Hence we should consider how to deploy the SS blocks in the two 10ms radio frames within 20ms. Basically the deployment approach can be categorized as centralized and distributed approaches. 
First of all, we discuss the definition of SS burst. A SS burst may be defined as the SS blocks within the same slot. However, one slot contains limited number of SS blocks. This definition results in too many SS bursts. For ease of SS block index indication, we may consider using multiple slots to form a SS burst. 
Proposal 3: An SS burst is defined as one or multiple SS blocks from consecutive slots.

3.1 Centralized deployment
Using the centralized deployment, all the SS blocks of a SS burst set will be deployed consecutively on one of the two 10ms radio frames within 20ms periodicity. Hence there is only one SS burst in this scenario.  
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      Figure 4: Centralized deployment of SS burst set
The centralized deployment may benefit for mobility measurement, in every 20ms it will only require at most 4ms window for measurement, as illustrated in figure 5. However, if the first synchronization attempt is not successfully, UE should wait at least 16ms for another chance. 
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Figure 5: SS measurement time window
3.2 Distributed deployment
Using the distributed deployment, the SS burst set is divided into two SS bursts located in two radio frames. The SS blocks are consecutive within a subset. Hence there are two SS bursts in this scenario. This structure seems similar with the SS burst set with 10ms periodicity and centralized deployment, however they are essentially different. In the scenario of distributed SS burst set with 20ms periodicity, the SS blocks in the two 10ms frame belong to the same SS burst set, so they could use different beams for a common beam sweeping. In the scenario of centralized SS burst set with 10ms periodicity, the SS blocks in the two 10ms frame are duplicated version so they could use the same beams across the frame. 
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      Figure 6: Distributed deployment of SS burst set
The benefit of distributed deployment is that it reduces the synchronization time, as for every 10ms there is a SS burst enabling a synchronization attempt.  Furthermore, soft combining can be performed between the SS blocks with the same index in different SS bursts. 
Proposal 4: NR may choose from centralized or distributed deployment considering synchronization time and mobility measurement. 
4 Indication of actual transmitted SS blocks
The actual transmitted SS blocks can be a subset of the maximum configuration. Indication of the actual transmitted SS blocks to the UE has the following potential benefits.

For IDLE mode UE, the position of actual transmitted SS blocks could be informed to the UE in NR-PBCH. Moreover, SIB is another option if the position information of SS block is bit-costly. With this information, the UE in IDLE mode could guarantee the measurement accuracy based on NR-SS.

For CONNECTED mode UE, the position of actual transmitted SS blocks could be informed to the UE in NR-PBCH, or use RRC signaling. Besides the benefit on measurement, the resource of unoccupied SS block positions can be scheduled to receive data/control signal to improve the spectral efficiency.

Proposal 5: For IDLE mode UE, the position of SS blocks could be informed to the UE using PBCH or SIB. For CONNECTED mode UE, the position of SS blocks could be informed to the UE through PBCH or RRC signaling.

Indication of actually transmitted SS blocks requires considerable resource. For example, for a SS burst set with 64 SS blocks, an un-coded bitmap need 64 bits to indicate the actual transmitted positions blocks. It is desirable to reduce the number of bits of this information, especially when the actual transmitted SS blocks is indicated via PBCH.
If the location of the SS block is fixed in the specification, UE could infer the actual transmitted SS blocks by the actual transmitted number of SS blocks. According to the agreement in [1], in different carrier frequency range, there may be different maximum number of SS blocks within a SS burst set, which varies the size of bits representing the number. To have a unified frequency agnostic signaling design, there are several ways as follows:

Alt 1: Considering the worst case. For example, reserving 6 bits for all frequency range with support of maximum 64 SS blocks. However, it will influence the performance of LF band, since it does not need such number of bits.
Alt 2: Fixed number of bits for all frequency ranges, yet it has different meaning in different frequency ranges since UE baseband could have the knowledge of implemented frequency ranges. E.g., 3 bits in LF indicates the candidate number 1~9; 2 bits in HF indicates 9 candidate number between 8~64; It will restrict the flexibility of gNB implementation in HF, where only limited number of SS block may be needed for certain scenarios and powerful gNB.

Alt 3: Fixed number of bits for all frequency ranges, yet it has different meaning in different SS block burst periodicity since the overhead and power consumption for transmitting SS block should be considered. E.g., 3 bits in periodicity ≤20ms indicates 9 candidate number between 1~16; 3 bits in periodicity ≥40ms indicates 9 candidate number between 16~64. It will also restrict the flexibility of gNB implementation especially in HF.

Alt 4: Indication by DMRS of PBCH: N dedicated PBCH DMRS PN sequence could be used as the PBCH DMRS. The SSS could be used as the RS for equalization of PBCH DMRS. However, the number of N should be small. If considering the worst case with 64 possible numbers, the performance of the PBCH DMRS detection will be largely affected, since the main purpose of the PBCH DMRS is for phase reference with limited resources. Furthermore, it will also restrict the flexibility of gNB implementation with only limited number of actual transmitted SS blocks.

Observation 3: To have a unified frequency agnostic signaling design, there is a tradeoff among LF performance, flexibility of gNB implementation in HF, UE complexity.

Once the information bits representing the actual transmitted SS blocks is decided, following ways could be considered to reduce resource consumption:

· Using different swapped versions of NR-SSS [3] to indicate one bit. [image: image8.png]




 QUOTE [image: image9.png]g () + ¢, (n)



 
· PBCH carries several significant bit, remaining bits are carried by SIB. 
· Implicitly carried by scrambling sequence. 
Proposal 6: For idle UE, resource efficient way to indicate the actually transmitted SS blocks in PBCH should be studied.
5 Antenna ports for NR-SSS and DMRS for PBCH
Using the same antenna port for NR-SSS and NR-PBCH will be benefited from the following aspects:

· Using NR-SSS help to demodulate the NR-PBCH.
· Reduce the resource occupied by DMRS in NR-PBCH.

More details will be found in [4].

Proposal 7: The antenna ports used by NR-SSS and NR-PBCH should be the same. 
6 Conclusion
In this contribution, we discussed the SS block composition, SS burst set composition and indication of actually transmitted SS blocks. A summary of proposals is provided as follows:
Observation 1: In case of 7-ODFM symbol slot, there is only one SS block mapping in a slot if the SS block contains both NR-SS and NR-PBCH. 

Observation 2: In case of 14-ODFM symbol slot, number of SS blocks within a slot can be flexible , and the implementation depends on the frame structure type. 

Observation 3: To have a unified frequency agnostic signaling design, there is a tradeoff among LF performance, flexibility of gNodeB implementation in HF, UE complexity.

Proposal 1: Within the same SS block, NR-PSS and NR-SSS are mapped sequentially, i.e., PSS-SSS. 

· If NR-PBCH is presented in the same SS block with NR-PSS and NR-SSS, the NR-PSS, NR-SSS and NR-PBCH are mapped sequentially in SS block, i.e., PSS-SSS-PBCH. 

Proposal 2:  If the SS block contains NR-PSS, NR-SSS and NR-PBCH, the maximum number of SS blocks within a 7-OFDM symbol slot is 1. The maximum number of SS blocks within a 14-OFDM symbol slot is 3.

Proposal 3: An SS burst is defined as one or multiple SS blocks from consecutive slots.

Proposal 4: NR may choose from centralized or distributed deployment considering synchronization time and mobility measurement. 

Proposal 5: For IDLE mode UE, the position of SS blocks could be informed to the UE using PBCH or SIB. For CONNECTED mode UE, the position of SS blocks could be informed to the UE through PBCH or RRC signaling.

Proposal 6: For idle UE, resource efficient way to indicate the actually transmitted SS blocks in PBCH should be studied.

Proposal 7: The antenna ports used by NR-SSS and NR-PBCH should be the same. 
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