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Introduction
In RAN1 #89 meeting, design of SS block composition and NR-PBCH was discussed with the following agreements:
	Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision
Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation
Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs
Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded




This contribution evaluates the mapping order within an SS block and provides link level simulation results.
Discussion
The following four options of mapping order are evaluated from the aspects of both SS and PBCH detection performance:
· Option 1: PSS-SSS-PBCH-PBCH
· Option 2: PSS-PBCH-SSS-PBCH
· Option 3: PBCH-PSS-SSS-PBCH
· Option 4: PSS-PBCH-PBCH-SSS
In this simulation, NR-PBCH mapping scheme uses Alt.1. The DMRS REs are mapped on PBCH symbols with equal interval and DMRS density is 3 REs/OS/PRB. DMRS mapped on PBCH symbols is used to estimate residual CFO after SS detection. More detailed simulation assumptions and parameters are listed in Appendix.

Among the agreed options, the performance of SS joint detection is mainly determined by the distance between PSS and SSS symbols when coherent SSS detection is used. With a large distance between PSS and SSS symbols, the channel estimated from PSS becomes inaccurate for SSS, especially when the moving speed of UE is high (e.g. 120km/h), which results in lower SS detection probability. As shown in Figure 1, with coherent SSS detection, SS detection performance of Option 1 and Option 3 is slightly better. On the other hand, when non-coherent SSS detection is used, the SS detection probability is independent with the mapping order, but the performance of non-coherent detection is always worse than coherent detection.
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Figure 1 SS joint detection probability 

The residual frequency offset after SS detection is shown in Figure 2. It can be seen that most (>90%) residual frequency offset does not exceed 2.5kHz, which is within the CFO estimation range of the possible distance between two PBCH symbols for all the four options. Since the CFO estimation accuracy benefits from large distance between PBCH symbols, as shown in Figure 3, the PBCH decoding performance of options with large distance between two PBCH symbols (Option 2 and Option 3) outperforms performance of options with small distance (Option 1 and Option 4).
[image: ]
Figure 2 Residual frequency offset
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Figure 3 PBCH decoding performance
According to the simulation result above, we prefer Option 3 (PBCH-PSS-SSS-PBCH) as the mapping order within an SS block.
Proposal 1: Option 3 (PBCH-PSS-SSS-PBCH) is selected for SS block composition design.

Conclusion
This contribution discusses the performance of four options for SS block composition with the following proposal:
Proposal 1: Option 3 (PBCH-PSS-SSS-PBCH) is selected for SS block composition design.
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Appendix
Simulation parameters:
	Parameter
	Value

	Carrier Frequency
	4GHz

	Default subcarrier spacing
	15kHz

	Channel Model
	CDL-C 
· Delay scaling values of 100 ns and 1000 ns 
· ASA = 30 degree, ASD = 5 degree, ZSA = 5 degree, ZSD = 1 degree 
The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Antenna Configuration
	(1,1,2) with omni-directional antenna element at TRP and UE

	UE speed
	3km/h, 120km/h

	Target received baseband SNR 
	-6dB

	NR-PSS/SSS detection
	One-short detection
Coherent/non-coherent for SSS detection

	PBCH detection
	One-short detection

	PBCH payload size
	64 bit (including CRC)

	Channel coding
	TBCC

	Frequency Offset
	· For initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5
· Non-initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm
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