
3GPP TSG RAN WG1 Meeting #88                                       R1-1701572
Athens, Greece 13th - 17th February 2017

Source:      	ZTE, ZTE Microelectronics
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Title:         	SS block design
[bookmark: Source]Agenda Item:  	8.1.1.1.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK29]In the RAN1 AH_NR meeting, the candidate sub-carrier spacing and transmission bandwidth of each synchronization signal for each frequency range category were agreed as follows [1]. And down selecting of default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories will be further considered. 
	Agreements:
· For default subcarrier spacing of SS, at least for evaluation purposes, following two frequency range categories are defined
· Frequency range category #1 is evaluated for below 6 GHz
· Evaluate default subcarrier spacing value for this category from [15 kHz, 30 kHz, 60 kHz] until the next meeting
· Frequency range category #2 is evaluated for range from 6 to 52.6 GHz
· Evaluate default subcarrier spacing value for this category from [120 kHz, 240 kHz] until the next meeting
· FFS on the necessity of finer categorization
· Note: The impact of SS block duration on the achievable latency should be considered in addition to existing criteria
· RAN1 aims to down select default subcarrier spacing from above listed subcarrier spacing values for each agreed frequency range categories
· Note that final set of frequency categories may include more than the above two categories
· FFS whether PBCH subcarrier spacing is default subcarrier spacing for the respective frequency range category or not

Agreements:
· For frequency range category #1 (below 6 GHz) where [15 kHz, 30 kHz, 60 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [5 MHz, 10 MHz, 20 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [1.08 MHz, 2.16 MHz, 4.32 MHz, 8.64 MHz]
· For frequency range category #2 (above 6 GHz) where [120 kHz, 240 kHz] are candidate subcarrier spacing values:
· Candidate minimum NR carrier bandwidth are [20 MHz, 40 MHz, 80 MHz]
· Candidate transmission bandwidth of each synchronization signal are about [8.64 MHz, 17.28 MHz, 34.56 MHz, 69.12 MHz]
· The above frequency range categories may be further divided into different categories with different parameters
· FFS on bandwidth of additional synchronization signal(s) if defined
· NR minimum carrier bandwidth for carrier which does not support initial access is FFS
· FFS: UE bandwidth


And the following views of multiplexing among SSs and other transmission has been serves as agreements or working assumption[1].
	Agreements:
· At least for single beam scenario, time division multiplexing of PSS and SSS is supported.
Working assumption: 
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]Time division multiplexing of PSS and SSS is supported for multiple beam scenario
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.
· 


[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In this contribution, we focus on the design of SS block. More specifically, it contains consideration of sub-carrier spacing and sequence length of each synchronization signal for each frequency range category, multiplexing of signal and/or channel within SS block, and the multiplexing of SS burst with other transmission. 
2. Numerology of NR SS
· Numerology for NR-SS in each given frequency range
In the RAN1 #87 meeting, it was agreed as follows: 
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
So for all frequency bands, NR-SSs with different sets of numerology parameters should be predefined for different frequency bands. 
In the former RAN1 #86 meeting, it was also agreed that:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
For common structure design of synchronization signals, NR-SSs with different sets of numerology parameters should share the same predefined structure, which composes length of sequence, subcarrier mapping mode, etc.
Proposal 1: For different frequency bands, NR-SSs with different sets of numerology parameters should share the same predefined structure
2.1	Sub-carrier spacing
In our companion contribution [2], we have evaluated the NR-PSS and NR-SSS detection performance using different SCSs for 2GHz, 4 GHz and 30GHz carrier frequency, and provide our preference of SCS selection for above frequency band. In this part, we further supplement our evaluation for 800MHz, 40 GHz carrier frequency with evaluation assumptions as shown in Table 4 in Appendix. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Table 1 shows the 50th percentile and 90th percentile for NR SS detection latency at 800MHz carrier frequency. And Table 2 shows the 50th percentile and 90th percentile for NR SS detection latency under 40GHz. 
For 800MHz, both NR SS SCS of 15kHz and 30kHz show commendable performance regardless of the delay scaling is 100ns or 1000ns. And only a very tiny gap between them is present. Therefore, SS SCS of LTE (i.e.15 kHz) can still be used by NR at 800MHz carrier frequency. 
For 40GHz, it is observed that 50th percentile and 90th percentile detection latency for SCS 120 kHz is much longer than 240 kHz due to the impact of higher frequency offset. Therefore subcarrier spacing 240 kHz for NR SS is an appropriate value for 40 GHz carrier frequency. 
Figure 3 to figure 5 in Appendix provide CDF for detection latency during initial access for 800MHz and 40GHz under the different delay scaling respectively. Similar conclusions can be obtained as above.
Table 1: 50th percentile and 90th percentile (number of NR SS periods) for NR SS detection latency at 800MHz
	[bookmark: _Hlk471804702]Carrier Frequency
	800MHz

	Sub-carrier spacing
	15kHz
	30kHz

	100ns
	50th percentile
	1
	1

	
	90th percentile
	3
	3

	1000ns
	50th percentile
	1
	1

	
	90th percentile
	4
	4


Table 2: 50th percentile and 90th percentile (number of NR SS periods) for NR SS detection latency at 40GHz
	Carrier Frequency
	40 GHz

	Sub-carrier spacing
	120 kHz
	240 kHz

	50th percentile
	4
	2

	90th percentile
	48
	6


Above all, for NR-PSS/SSS we observed that using SCS = 15KHz for frequency range below 2GHz, SCS = 240KHz for frequency range around 40GHz when +/- 5 ppm is considered as the largest frequency offset. In combination with the result of SCSs for 2GHz, 4 GHz and 30GHz carrier frequency presented in [2]. We have the following proposal. 
Proposal 2: It is proposed the following SCSs for given carrier frequencies when +/- 5 ppm is considered as the largest frequency offset: 
· SCS = 15KHz for below 2GHz
· SCS = 30 KHz for around 4GHz
· SCS = 120 KHz for around 30GHz
· SCS= 240 KHz for around 40GHz
2.2	CP
In this part, we have evaluated the NR-PSS and NR-SSS detection performance using different CP types (scaling by LTE NCP and ECP) for 2GHz, 4 GHz and 30GHz carrier frequency, and provide our preference of CP type selection for above frequency band with evaluation assumptions as shown in Table 4 in Appendix.. 
Table 3 shows the 50th percentile and 90th percentile for NR SS detection latency under ECP and NCP for 2GHz, 4GHz and 30GHz carrier frequency respectively. 
It shows similar performance regardless of the CP type is ECP or NCP for carrier frequencies considered. And only a very tiny gap between them is present. 
Figure 6 to figure 8 in Appendix provide CDF for detection latency during initial access for 2GHz, 4GHz and 30GHz under the different CP types respectively. Similar conclusions can be obtained as above.
Table 3: 50th percentile and 90th percentile (number of NR SS periods) for NR SS detection latency
	Carrier Frequency
	2GHz
	4GHz
	30GHz

	CP length
	ECP
	NCP
	ECP
	NCP
	ECP
	NCP

	50th percentile
	1
	1
	1
	1
	3
	3

	90th percentile
	4
	7
	7
	6
	8
	10


[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Above all, it shows no obvious detection performance gain by applying longer CP to NR SS. When considering multiplexing NR SS with other transmission, different SCSs will coexist for various service transmissions in one frequency carrier. However, not every SCS has different CP types. For example, some scenarios for SCS 60kHz shows necessity to introduce ECP, while some smaller SCSs like 15kHz seem to be unnecessary. So other transmissions with different CP types will coexist in one frequency carrier for various services. It is reasonable to specify a fixed CP type for NR SS transmission instead of changing with other transmission. 
Observation: There is no obvious detection performance gain shown by applying longer CP to NR SS.
Proposal 3: It is proposed to specify a fixed CP type for NR SS transmission (e.g. NCP).
Furthermore, signals and channels during initial access(in addition to PRACH) should apply the same CP type and SCS as NR SS, which means blind detection or signalling indication of CP type and SCS can be avoided. 
Proposal 4: NR should support to apply the same CP type and SCS of NR SS to signals and channels during initial access(in addition to PRACH).
3. Bandwidth of NR SS
As discussed in our companion contribution [3], it had been evaluated that the NR-SS detection performance using non-coherent detection and coherent detection of NR-SSS for 4 GHz and 30GHz carrier frequency. The result shows that the detection latency for non-coherent detection of NR-SSS is much longer than coherent detection. 
For purpose of using coherent detection of NR-SSS effectively, the same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
Proposal 5: The same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
As discussed in our companion contribution [4], the sequence length of 63 used in LTE have been shown to give good detection performance, we do not see any obvious reason for changing the sequence length for both low and high bands. As we now propose to use a SCS of 15kHz, 30kHz, 120kHz and 240kHz for the different frequency ranges we propose that the bandwidth for NR-PSS/SSS is 1.08MHz, 2.16MHz, 8.64MHz and 17.28MHz for SCS =15kHz, 30kHz, 120kHz and 240 kHz respectively.
Proposal 6: Bandwidth for NR-SS in each given frequency band is proposed as follows:
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
4. Multiplexing of NR SSs in SS block
In the last meeting, it is agreed that at least for single beam scenario, TDM of PSS and SSS is supported. And as agreed in the RAN1 #86bis meeting[5], NR should strive for fixed time/freq. resource position relationships among NR-PSS, NR-SSS and NR-PBCH. 
Considering different deployment case, single beam and multiple beam scenarios may coexist in one frequency carrier. We should guarantee the fixed time/freq. resource position relationships between NR-PSS and NR-SSS at least in one frequency carrier for avoiding blind detection of UE. So TDM of PSS and SSS should also be applied for multiple beam scenario. 
Proposal 7: NR should use TDM of NR PSS and NR SSS for both single beam and multiple beam scenarios. 
5. Frequency Multiplexing of MRS /data transmission in SS block
· Potential MRS transmission in SS block
As discussed above, the SS/PBCH transmission should be based on the smallest system bandwidth. Therefore, for larger system bandwidth, we should consider how to utilize the remaining frequency resource, 
One option is to use the remaining frequency resources to transmit MRS. MRS can be used for RSRP measurement, fine time/frequency synchronization and beam identification or alignment. MRS transmission in ‘always on’ manner should be avoided for the reason of power saving, forward compatibility and interference mitigation. During initial access, MRS transmission can be triggered by preamble and its configuration is sent to UE via e.g. RAR. This mechanism allows UE to perform fine beam searching before RRC connection is established. Then data transmission with the most suitable beam direction can be started soon after RRC is established. Furthermore, the MRS in SS block can also be used by connected mode UEs with appropriate triggering and configuration.
Proposal 8: ‘always on’ MRS in SS block should be avoided.
· during initial access, MRS can be triggered by preamble
MRS will also need beam sweeping for the same reason as SS/PBCH. So it should be allowed to transmit MRS in SS block. It is noted that MRS may also be transmitted in other slot or subframe, it is suitable that the same MRS design should be used no matter where it is transmitted. Additionally, if MRS is transmitted in ‘triggered’ manner, SS block should have a common structure no matter if MRS is transmitted in it. By considering requirement of resource efficiency, SS blocks should be as short as possible, so MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols. 
Proposal 9: NR should support MRS in SS block
· MRS in SS block should share the same design (e.g. pattern) as MRS transmitted in other slot/subframe
· SS block should have a common structure no matter if MRS is transmitted in it
· MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
· Potential data transmission in SS block
As discussed above, for a larger system bandwidth or power non-limited scenarios, the frequency resources in the OFDM symbols accommodating SS/SI may also be efficiently utilized for data transmission. Therefore, how to allocate the unused resources in the blocks for data transmission should be studied. For example, as shown in figure 1, the resources can be scheduled via a DL grant in a previous slot or via a DL grant in the slot to which the SS block is mapped (with discontinuous SS burst structure as discussed in following section).



Figure 1: Example on Efficient Utilization of the Resources in SS block (Assuming a Discontinuous SS burst Structure)
Proposal 10: Frequency multiplexed DL data transmission in SS blocks is supported. 
6. Time Multiplexing of SS burst with other transmission
[bookmark: OLE_LINK12]Another key issue is the relation between SS burst and the frame structure for the transmission of data and corresponding control signaling, i.e. how to map a SS burst into a radio frame. For multi-beam based deployments, a subframe-level duration SS burst will be needed. One straightforward way is to apply a continuous SS burst and puncture one or several continuous data/control transmission slots in order to accommodate SS burst, as shown in middle approach of figure 2. Although self-contained feedback and scheduling for DL and UL data transmission is very attractive in many cases, it is still doubtful whether it can be used in all cases. In such cases, delayed feedback and/or scheduling needs to be used. Then, the idea of occupying a whole slot for SS burst may constrain the flexibility of data transmission to some extent, especially if a long SS burst is employed. 
For single beam based deployment, only one or a few symbols will be occupied by SS block. The remaining part can be used for data transmission just like LTE. So it seems not a good way for mapping the SS block from the beginning of a time interval. DL control domain should be reserved for data scheduling.


Figure 2: Illustration of Continuous (middle) and Discontinuous (bottom) SS burst
Considering multi-beam (with/without repetition) based deployments, a unified design needs to be guaranteed. It means mapping of multi-beam SS blocks should keep a same start time point as single beam based deployment, and the control field involved could be reserved according to the same principle. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]So another discontinuous SS burst approach as shown in bottom approach of figure 2 may be applied. Only puncture data part of time interval for multiplexing of SS blocks. Then, even a long SS burst may not impact flexibility of data transmission before or after the SS burst. 
Proposal 11: NR should support discontinuous SS burst structure, e.g. by allowing UC and DC symbols within the SS burst.
7. Conclusions
The following was proposed above:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: For different frequency bands, NR-SSs with different sets of numerology parameters should share the same predefined structure
Proposal 2: It is proposed the following SCSs for given carrier frequencies when +/- 5 ppm is considered as the largest frequency offset: 
· SCS = 15KHz for below 2GHz
· SCS = 30 KHz for around 4GHz
· SCS = 120 KHz for around 30GHz
· SCS= 240 KHz for around 40GHz
Observation: There is no obvious detection performance gain shown by applying longer CP to NR SS.
Proposal 3: It is proposed to specify a fixed CP type for NR SS transmission (e.g. NCP).
Proposal 4: NR should support to apply the same CP type and SCS of NR SS to signals and channels during initial access(in addition to PRACH).
Proposal 5: The same bandwidth should be applied to both NR-PSS and NR-SSS for a given band. 
Proposal 6: Bandwidth for NR-SS in each given frequency band is proposed as follows:
· NR-PSS/SSS bandwidth is 1.08 MHz when SCS = 15KHz
· NR-PSS/SSS bandwidth is 2.16 MHz when SCS = 30KHz
· NR-PSS/SSS bandwidth is 8.64 MHz when SCS = 120KHz
· NR-PSS/SSS bandwidth is 17.28 MHz when SCS = 240KHz
Proposal 7: NR should use TDM of NR PSS and NR SSS for both single beam and multiple beam scenarios. 
Proposal 8: ‘always on’ MRS in SS block should be avoided.
· during initial access, MRS can be triggered by preamble
Proposal 9: NR should support MRS in SS block
· MRS in SS block should share the same design (e.g. pattern) as MRS transmitted in other slot/subframe
· SS block should have a common structure no matter if MRS is transmitted in it
· MRS and SS/PBCH should be multiplexed in FDM manner in the same OFDM symbols
Proposal 10: Frequency multiplexed DL data transmission in SS blocks is supported. 
Proposal 11: NR should support discontinuous SS burst structure, e.g. by allowing UC and DC symbols within the SS burst.
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Appendix
[bookmark: _Ref463014302]Table 4: Link-level evaluation assumptions[6]
	Carrier Frequency
	800MHz
	2GHz
	4 GHz
	30 GHz
	40GHz

	Channel Model
	CDL-C, AWGN
For evaluation in 2.1 sub-carrier spacing:
· with delay scaling values of 100 ns and 1000ns for 800MHz, 30ns for 40GHz
For evaluation in 2.2 CP:
· with delay scaling values of 1000ns for 2GHz and 4GHz, 30ns for 40GHz

	FFT size
	128

	Subcarrier Spacing(s)
	For evaluation in 2.1 sub-carrier spacing:
15kHz, 30kHz for 800MHz
120kHz, 240kHz for 40GHz 
For evaluation in 2.2 CP:
15 kHz for 2GHz
30 kHz for 4 GHz
120 kHz for 30 GHz

	SNR 
	 -6dB
	 -18dB

	Search window
	70 OFDM symbols

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	DFT-based the beamforming method, BS 14 beams cover 120 degrees, UE 16 beams cover 360 degrees

	UE speed
	3km/h

	Phase Rotation Model
	
	Follow the PN model of [7]

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5 ppm



[image: ]
Figure 3: CDF for detection latency during initial access for 800MHz with 100ns delay scaling
[image: ]
Figure 4: CDF for detection latency during initial access for 800MHz with 1000ns delay scaling
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Figure 5: CDF for detection latency during initial access for 40GHz with 30ns delay scaling
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Figure 6: CDF for detection latency during initial access for 2GHz with 1000ns delay scaling
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Figure 7: CDF for detection latency during initial access for 4GHz with 1000ns delay scaling
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Figure 8: CDF for detection latency during initial access for 30GHz with 30ns delay scaling
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