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1. Introduction

At the RAN1#88 meeting, SS block composition and SS burst set composition for NR were discussed and RAN1 made following agreements [1].

	Agreements:

· For set of possible SS block time locations, further evaluation till next meeting by considering at least the following:

· Whether or not a SS block comprises of consecutive symbols and whether or not SS&PBCH in the same or different slots

· Number of symbols per SS block

· Whether or not to map across slot boundary(ies)

· Whether or not to skip symbol(s) within a slot or a slot set

· Contents of an SS block (note: the contents of an SS block may be further discussed during this meeting)

· How SS blocks are arranged within a burst set, & the # of SS blocks per burst/burst set

Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent

· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks

· FFS whether this information is available only in CONNECTED mode or in both modes

· FFS how to signal the position(s)

Agreements:
· At least, Normal CP is supported for NR-PSS/SSS


In this contribution, we discuss further on SS block design and SS burst set design based on some evaluations. In addition, SS block index indication mechanism is also discussed.
2. Discussion and evaluation on SS block composition
2.1. SS block numerology
RAN 1 agreed that NR synchronization signal is based on CP-OFDM.  In LTE, blind detection of CP overhead, i.e. normal/extended CP, is needed since SSS detection is performed based on the relative position between PSS and SSS, and it increases number of hypotheses for SSS detection. We think it is preferable that blind detection of CP overhead is not performed in NR-SSS detection procedure since detection performance and complexity of NR-SS should be prioritized. One possible approach to avoid the blind detection of CP overhead is to apply fixed CP overhead to NR-PSS/SSS/PBCH irrespective of CP overhead used for other signals. In this case, numerology information including CP overhead assumed for other common (or UE-group common) signals/channels can be provided in NR-PBCH. But we think this may be less flexible in terms of forward compatibility. So another approach, i.e., CP overhead-agnostic design of NR-PSS/SSS/PBCH mapping would be preferable. Our proposed resource mapping with fixed relative position (i.e., TDM between NR-PSS and NR-SSS in different subframe or slots) discussed in Section 2.2 does not require blind detection of CP overhead and is CP overhead-agnostic design. In this case, numerology information including CP overhead assumed for common (or UE-group common) signals/channels including NR-PSS/SSS/PBCH can be provided in NR-PBCH.
Proposal 1: The blind detection of CP overhead by using relative position between PSS and SSS should be removed in NR.

Proposal 2: In order to avoid the blind detection of CP overhead in NR, following approaches should be considered.
· Alt.1: Default CP overhead is defined for each frequency band and is applied to NR-PSS/SSS/PBCH

· Alt.2: CP overhead-agnostic design of NR-PSS/SSS/PBCH mapping i.e., fixed relative position between NR-PSS, NR-SSS and NR-PBCH is applied

Proposal 3: Numerology information including CP overhead assumed for common (or UE-group common) signals/channels with or without including NR-PSS/SSS/PBCH is provided in NR-PBCH.
Since NR supports multiple numerologies for a given frequency carrier and different UE within a NR carrier/cell may apply different numerology based on UE-specific configuration, there may be a case where signals/channels with different numerologies are TDMed and/or FDMed. At least in carriers supporting standalone access, signals in SS block applies at least default subcarrier spacing and may apply default CP overhead (in case of Alt.1 in Proposal 2). Different subcarrier spacing and/or different CP overhead between SS block signals and other signals/channels within a slot may cause inefficient resource utilization e.g., due to guard subcarriers to mitigate interference between FDMed signals/channels with different numerologies. If all UEs within the carrier/cell are configured with default numerology, efficient resource utilization based on numerology alignment can be realized, but usage of carrier/cell may be limited due to default numerology for the frequency band.

However, in case of non-standalone NR carrier/cell, numerology applied to SS block signals can be flexibly selected and informed to UE so that efficient resource utilization based on numerology alignment can be realized while achieving flexibility on numerology selection according to the usage of carrier/cell. Therefore, we propose to support signalling of SS parameter set including SS block numerology (which may not be limited to default parameter sets) for non-standalone access.
Proposal 4: NR should support signalling of SS parameter set including SS block numerology for non-standalone access.

· Candidate SS parameter set may not be limited to default SS parameter sets
2.2. SS block composition
In LTE, PSS and SSS are multiplexed in time domain and different SSS time positions are assumed for different frame structure type (FDD or TDD) and CP overhead (normal or extended). As argued in previous section, we think the blind detection of CP overhead by using relative position between PSS and SSS should be removed in NR to achieve better detection performance, less UE burden and forward compatibility to possible new CP overhead. Figure 1 shows two examples of resource mapping of NR-PSS, NR-SSS and also NR-PBCH in the case of multi-beam based operation with TDM approach. 
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Figure 1: Examples of resource mapping of NR-PSS, NR-SSS and NR-PBCH
Figure 1 (a) shows Example#1 in which NR-PSS, NR-SSS and NR-PBCH are mapped to continuous symbols within a slot. In this design, single SS block consists of continuous 3, 4, or more OFDM symbols depending on number of NR-PBCH symbols within a SS block. This design may allow using NR-SSS as demodulation reference signal for NR-PBCH. However, due to continuous multiple symbols, there might be some limitation on resource mapping of SS block and other signal/channel in the same slot. For example, in single beam scenario, OFDM symbols other than PSS/SSS/PBCH symbols within a slot would be used for DL/UL control transmission and DL or UL data transmission. But as shown in the figure, number of available symbols for DL or UL data transmission might be limited and hence some special handling like TBS scaling as for DwPTS in LTE-TDD may be necessary. In addition, in multi-beam scenario, it is preferred to map multiple SS blocks into a slot in order to minimize beam sweeping duration and UE measurement duration. It may also be preferred that some OFDM symbols within a slot e.g., first 2 and last 2 OFDM symbols are not used for SS block transmission in order to use such symbols for DL/UL control channel (and guard time). In such case, this design would cause unused portion of symbol as in figure.
On the other hand, Figure 1 (b) shows Example#2 in which NR-PSS, NR-SSS and NR-PBCH are mapped to discontinuous symbols across slots. In particular, NR-PSS, NR-SSS and NR-PBCH composing a SS block are mapped to OFDM symbol in different slots with same symbol index so that relative position between NR-PSS, NR-SSS and NR-PBCH is fixed. This design is not suitable to use NR-SSS as demodulation reference signal for NR-PBCH since they are separated. But as argued in previous section, this CP overhead-agnostic design would have a benefit in terms of forward compatibility for possible new CP overhead. In addition, this design has larger flexibility on resource mapping of SS block and other signal/channel in the same slot compared with Example#1 design. For example, in single beam scenario, SS block signals occupy only one symbol in each of three slots as shown in figure. Hence, many symbols might be available for DL or UL data transmission within such slots and special handling like TBS scaling may not be necessary. In multi-beam scenario, since each SS block occupies only one symbol in each of three slots, there are no unused portion of symbol and this design can minimize beam sweeping duration especially in case of using large number of beams i.e., SS blocks.
Regarding demodulation reference signal for NR-PBCH, we show evaluation results in our companion contributions and it is shown that self-contained DMRS for PBCH can provide sufficient PBCH performance and can also help measurement accuracy improvement [2, 3]. Also it is shown in [2] that NR-PBCH mapping on 1 OFDM symbol and 24 PRBs with self-contained DMRS can achieve target performance even with large payload size such as 64 bits.
Here we also evaluate the impact of detection performance from FDE and symbol interval between NR-PSS and NR-SSS as shown in Table 1. From the Table 1, even when FDE is not applied, one-shot detection probability is good enough such as about 0.7-0.8. In addition, under severe fading environment case such as DS scaling = 1000 ns and UE speed = 120 km/h, we can observe that FDE based on NR-PSS channel estimation improves the detection performance even when symbol interval between NR-PSS and NR-SSS is 14 symbols, i.e., 1 ms. The detection performance with 14 symbol interval in severe fading case is about 0.6-0.7 and hence it seems acceptable.

Therefore, our proposed design as shown in Figure 1 (b) is feasible and can provide reasonable performance and several benefits compared with other design like Figure 1 (a).
Table 1: One-shot detection probability without/with FDE (Es/N0 = -6 dB, UE freq. Offset = 5 ppm)
	fc
[GHz]
	SCS
[kHz]
	Bandwidth
[MHz]
	DS scaling
[ns]
	UE speed
[km/h]
	Symbol interval
between PSS and SSS

	
	
	
	
	
	1
	14

	4
	15
	4.32
	100
	3
	0.75 / 0.67
	0.75 / 0.67

	
	
	
	1000
	120
	0.73 / 0.79
	0.61 / 0.66

	30
	120
	34.56
	30
	3
	0.78 / 0.75
	0.78 / 0.75


Observation 1: Resource mapping of NR-PSS, NR-SSS and NR-PBCH on discontinuous symbols in different slots can provide following benefits.

· Forward compatibility for possible new CP overhead
· Flexibility on resource mapping of SS block and other signal/channel in the same slot, i.e., efficient resource utilization

Observation 2: Resource mapping of NR-PSS, NR-SSS and NR-PBCH on discontinuous symbols in different slots does not cause any significant drawback in terms of NR-SS detection performance and NR-PBCH demodulation performance.

Proposal 5: RAN1 should consider following SS block composition.

· NR-PSS, NR-SSS and NR-PBCH composing a SS block are mapped to OFDM symbol in different slots with same symbol index so that relative position between NR-PSS, NR-SSS and NR-PBCH is fixed.
· Reference slot size i.e., number of OFDM symbols per slot should be defined for predefined SS block/burst set composition for each frequency range category.
· Number of symbols per SS block is [3].

· First [2] and last [2] OFDM symbols in a slot are not used for SS block signal transmission.
· OFDM symbol carrying NR-PBCH also carries self-contained DMRS for NR-PBCH.
3. Discussion on SS burst set composition and SS time index indication
3.1. SS burst set composition
RAN1 agreed that a single set of possible SS block time locations is specified per frequency band [4]. In addition, as introduced in Section 1, RAN1 has considered at least two frequency range categories with different maximum number of SS blocks, L, within SS burst set. As shown in Figure 2, there are mainly two possible approaches for SS block time locations. Figure 2 (a) shows example of SS block time locations with localized manner, and Figure 2 (b) shows example of SS block time locations with distributed manner. Since UE needs to search SS blocks during measurement duration for (neighbor) cell search and RRM measurement, localized manner should be preferable in order to minimize UE measurement duration. In addition, from TRP perspective, localized manner can minimize duration of always-on transmission and hence it would be preferable in terms of NW energy saving.
Proposal 6: SS block candidate positions should be defined with localized manner in order to minimize both always-on transmission duration at TRP side and measurement duration at UE side.
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Figure 2: Examples of SS block time locations
3.2. SS time index indication
RAN1 agreed that 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 [4]. In addition, RAN1 also agreed that a single set of possible SS block time locations is specified per frequency band. Therefore, SS block index can represent exact time domain information such as OFDM symbol/slot index within SS burst set periodicity.
According to the agreements made at January RAN1 NR Ad-hoc meeting, following candidate mechanisms can be considered for SS block index indication.

Alt. 1: Indication by PBCH

Alt. 2: Indication by NR-SS

Alt. 3: Indication by an additional SS (TSS)
Alt. 4: Indication by combination between PBCH and NR-SS or additional SS

Since relative resource position between NR-PSS/SSS and NR-PBCH is fixed, Alt.1 seems straightforward approach considering possible impact on NR-SS design and performance in other alternatives. However, NR-PBCH also has possible issue on limited payload size. Therefore, we propose to study NR-PBCH contents and design first, and then possibility of other alternatives can be considered.
Considering multi-beam based operation in high frequency range, large number of SS blocks within SS burst set may be necessary in some deployment scenario. Although our companion contribution [5] shows that NR-SSS can carry large number of IDs without significant performance degradation, it would be impossible to include full size of SS block index (e.g., over 100 IDs) and NR cell ID (e.g., 1000-2000 IDs) into NR-SSS. It may be possible to include small part of SS block index into NR-SSS like Alt. 4, but increase of UE burden for SSS detection should be taken into account so that Alt. 4 can achieve good balance between NR-PBCH payload size and UE burden for SSS detection.
Without having enough investigation on Alt.1 and Alt.4, we cannot identify the necessity of additional SS for SS block index indication as in Alt. 3.

Proposal 7: For SS block index indication, indication mechanism based on NR-PBCH should be considered as baseline unless payload size of NR-PBCH has issue to include SS block index.
· If it is difficult to include full SS block index information into NR-PBCH, indication mechanism based on combination between NR-PBCH and NR-SSS can be considered.
If NR-PBCH is used for SS block index indication, basically NR-PBCH should be transmitted together with NR-SS, i.e., NR-PBCH periodicity should be same with NR-SS periodicity. Although different periodicity may also work assuming accumulation of multiple SS blocks in different SS burst set, different periodicity would just cause unused portion of resource within SS block e.g., due to longer periodicity for NR-PBCH than NR-SS periodicity. Especially for Example#1 design in Figure 1 with localized SS block time locations as in Figure 2(a), even if NR-PBCH is not transmitted within SS block at some SS burst sets (e.g., every two SS burst sets), unused resources may not be able to be used efficiently since unused resources are distributed. On the other hand, Example#2 design in Figure 1 can use unused NR-PBCH symbols efficiently since the unused resources are continuous and located in separate slot. So if Example#2 like design is supported, different periodicity between NR-SS and NR-PBCH can be considered.

Proposal 8: The same periodicity between NR-SS and NR-PBCH should be assumed as baseline.
4. Conclusion 

In this contribution, we discussed on SS block design and SS burst set design based on some evaluations. In addition, SS block index indication mechanism was also discussed. Based on discussion and evaluation, we made following observations and proposals.
Proposal 1: The blind detection of CP overhead by using relative position between PSS and SSS should be removed in NR.

Proposal 2: In order to avoid the blind detection of CP overhead in NR, following approaches should be considered.

· Alt.1: Default CP overhead is defined for each frequency band and is applied to NR-PSS/SSS/PBCH

· Alt.2: CP overhead-agnostic design of NR-PSS/SSS/PBCH mapping i.e., fixed relative position between NR-PSS, NR-SSS and NR-PBCH is applied

Proposal 3: Numerology information including CP overhead assumed for common (or UE-group common) signals/channels with or without including NR-PSS/SSS/PBCH is provided in NR-PBCH.
Proposal 4: NR should support signalling of SS parameter set including SS block numerology for non-standalone access.

· Candidate SS parameter set may not be limited to default SS parameter sets
Observation 1: Resource mapping of NR-PSS, NR-SSS and NR-PBCH on discontinuous symbols in different slots can provide following benefits.

· Forward compatibility for possible new CP overhead
· Flexibility on resource mapping of SS block and other signal/channel in the same slot, i.e., efficient resource utilization

Observation 2: Resource mapping of NR-PSS, NR-SSS and NR-PBCH on discontinuous symbols in different slots does not cause any significant drawback in terms of NR-SS detection performance and NR-PBCH demodulation performance.

Proposal 5: RAN1 should consider following SS block composition.

· NR-PSS, NR-SSS and NR-PBCH composing a SS block are mapped to OFDM symbol in different slots with same symbol index so that relative position between NR-PSS, NR-SSS and NR-PBCH is fixed.
· Reference slot size i.e., number of OFDM symbols per slot should be defined for predefined SS block/burst set composition for each frequency range category.

· Number of symbols per SS block is [3].

· First [2] and last [2] OFDM symbols in a slot are not used for SS block signal transmission.
· OFDM symbol carrying NR-PBCH also carries self-contained DMRS for NR-PBCH.
Proposal 6: SS block candidate positions should be defined with localized manner in order to minimize both always-on transmission duration at TRP side and measurement duration at UE side.
Proposal 7: For SS block index indication, indication mechanism based on NR-PBCH should be considered as baseline unless payload size of NR-PBCH has issue to include SS block index.

· If it is difficult to include full SS block index information into NR-PBCH, indication mechanism based on combination between NR-PBCH and NR-SSS can be considered.
Proposal 8: The same periodicity between NR-SS and NR-PBCH should be assumed as baseline.
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Annex: Link-level simulation assumptions
Table A-1: Link level simulation assumptions

	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Channel Model
	CDL-C 
· with delay scaling values of 100 ns or 1000 ns for 4 GHz, 30 ns for 30 GHz
· ASD = 5 degree, ASA = 30 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

	Subcarrier Spacing(s)
	15 kHz
	120 kHz

	SNR range
	Es/N0 = -6 dB

	UE speed
	3km/h, 120km/h
	3km/h

	Search window
	5 ms

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)
Optional: (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 

	Antenna port virtualization
	· Tx : 2 antenna ports, Rx: 1 antenna ports

· Specific antenna port virtualization is not considered on the assumption that ES/N0 includes the beamforming gain.

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

	Phase Rotation Model
	 
	Follow the PN model of [4]

	Number of interfering TRPs 
	· 0 interfering TRP
· 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB)


