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Introduction
At RAN1#88 the following was decided regarding SS Burst Set:
	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:
· For the minimum system information delivery, 
· Part of minimum system information is transmitted in NR-PBCH
· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH




The implications on timing signaling for different bursts and burst set compositions was previously presented in [1]. In this contribution we discuss this topic further. functionality including timing signaling.
[bookmark: _Ref178064866]Establishing timing from the SS block
Limiting the SS block placement
A free placement of the SS block will increase the overhead and the overhead will increase with the shorter symbols resulting from increases subcarrier spacing. Hence, the flexibility in placement of the SS blocks in time should be carefully selected balancing performance and overhead.
[bookmark: _Toc477778739][bookmark: _Toc478024814][bookmark: _Toc478108144][bookmark: _Toc478130664][bookmark: _Toc478150682][bookmark: _Toc478164564]Placement of SS block within the radio frame should be limited to avoid large overhead from signaling the SS block timing.
SSB limitations
NR is standardized to be implemented in a vast number of different deployments – most of which are yet to be defined or even thought about. Furthermore, the level of beamforming utilization is likely to be different in different implementations and deployments. Hence, it is important to allow for flexibility in an important aspect such as the SSB burst set limitations and not limit or restrict some configurations. Based on this we suggest removing the square brackets from the agreement in the last meeting:
[bookmark: _Toc477778740][bookmark: _Toc478024815][bookmark: _Toc478108145][bookmark: _Toc478130665][bookmark: _Toc478150683][bookmark: _Toc478164565]The maximum number of SSBs in a SSB burst set should be L=16 (0 ~ 6 GHz) and L=128 (6 ~ 60GHz)
However, this may also imply that some designs may be physically impossible to implement. For example, in a band with 15 kHz numerology, 16 SSBs, 10 ms periodicity and additional NR-PDSCH used for SIB signaling, paging etc. may not have any space left for data, or even negative space in certain subframes. Hence, the maximum L might not be applicable to all configurations, but rather than operating with multiple versions a unified design is preferred. For this reason, it is important to restrict the purpose of L to only define the timing information and all L will not be feasible in all deployments.
[bookmark: _Toc477778743][bookmark: _Toc478024818][bookmark: _Toc478108148][bookmark: _Toc478130668][bookmark: _Toc478150684][bookmark: _Toc478164566]L shall only define the timing index format.
Burst and burst set configurations
There are several requirements that must be included when considering the SSB burst and SSB burst set composition. Some of them are
· Efficient signaling of SSB burst set composition
· Network energy efficiency, implying a compact SSB burst set format,
· Latency aspects, implying the ability for an UL response in a DL subframe,
· Reduce risk and complexity by keeping SSB in line with slot borders, and
· Coherent gap structure in order to get a predictable behavior for complementary (UL) signaling.
· Cyclic prefix differences in slot borders complicating inter-slot SSB locations.
[bookmark: _Toc477778732][bookmark: _Toc477779021][bookmark: _Toc478130585][bookmark: _Toc478150783]The SSB burst and burst set composition will be a compromise in order to satisfy multiple requirements that are affected by the SSB.
From the above observation, it is clear that different SSB burst set compositions may be suitable in different deployments. It is important to note that it is not necessary to agree on one single SSB burst set composition. A small number of SSB burst set compositions could be defined, and it could be indicated to the UE which one is used. The information about which SSB burst set composition is used must be conveyed to the UE in the SS block itself. 
Burst set composition of SSB with four OFDM symbols
It is worth noting that the subcarrier spacing (SCS) relation between the 30 kHz SSB and the 120 kHz SSB is four, why a four symbol SSB configuration would allow for simple mapping between the timing in the two SSB configurations. For example, in the 30 kHz SCS, an SSB may be indexed on a symbol basis, whereas for the 120 kHz SCS, an SSB may be indexed on an SSB length (i.e., 4 symbols) basis.
[bookmark: _Toc477778744][bookmark: _Toc478024819][bookmark: _Toc478108149][bookmark: _Toc478130669][bookmark: _Toc478150685][bookmark: _Toc478164567]Assuming an SSB with 4 OFDM symbols, the timing index represents 
i. [bookmark: _Toc477778745][bookmark: _Toc478024820][bookmark: _Toc478108150][bookmark: _Toc478130670][bookmark: _Toc478150686][bookmark: _Toc478164568]for an SSB with 30 kHz SCS, the symbol index in the first 4 subframes, and,
ii. [bookmark: _Toc477778746][bookmark: _Toc478024821][bookmark: _Toc478108151][bookmark: _Toc478130671][bookmark: _Toc478150687][bookmark: _Toc478164569]for an SSB with 120 kHz SCS, the SSB index (symbol index times SSB symbol length) in the first 8 subframes.
In case the SSB is decided to be 4 symbols long, there is a possibility for an efficient SSB transmission by clustering 3 SSBs into one burst, see Figure 1 (a), and still spare two symbols in a slot. This design also eliminates inter-slot SSB problems arising from different CPs. In order to keep configurability signaling at a minimum, bursts are transmitted in subsequent slots until all (≤L) SSBs are transmitted for the given burst set period. The remaining 2 symbols in such a slot may be used e.g., for UL signaling, paging messages, user data or something else that remains to be decided. For this case timing would need to convey the SSB index from the symbol index in the continuous subframes. 
Figure 1 (b) presents an alternative configuration where a burst is comprised by a single SSB and bursts are transmitted in subsequent slots until all bursts in a burst set period are transmitted. For this configuration, also taking into consideration transmission of remaining system information, the number of SSBs are severely limited. For this reason, (at least) a 20 ms burst set periodicity is required in order to utilize anything but the most fundamental beamforming capabilities.

 
[bookmark: _Ref477690258]Figure 1: Burst and burst set configuration proposal for an SSB of 4 symbols and 30 kHz SCS. 
[bookmark: _Toc477778747][bookmark: _Toc478024822][bookmark: _Toc478108152][bookmark: _Toc478130672][bookmark: _Toc478150688][bookmark: _Toc478164570]Assuming an SSB with 4 OFDM symbols, two possible SSB burst set configurations are allowed for 30 kHz SCS
iii. [bookmark: _Toc477778748][bookmark: _Toc478024823][bookmark: _Toc478108153][bookmark: _Toc478130673][bookmark: _Toc478150689][bookmark: _Toc478164571]3 SSBs per slot (burst) with bursts to be transmitted in subsequent slots, and,
iv. [bookmark: _Toc477778749][bookmark: _Toc478024824][bookmark: _Toc478108154][bookmark: _Toc478130674][bookmark: _Toc478150690][bookmark: _Toc478164572]1 SSB per seven symbols in a fixed position within the slot with SSBs transmitted in subsequent slots.
For the 120 kHz SCS case, more beamforming can be expected. In order to fulfil the features affecting the burst and burst set composition, the structure in Figure 2 is proposed. In one alternative, in Figure 2 (a), a burst of 12 SSBs are defined, and a new burst is transmitted in subsequent slots of multiples by 4. In a second alternative, in Figure 2 (b), a burst of 4 SSBs are defined, and in this case another burst is transmitted every other slot.

 
[bookmark: _Ref477771078]Figure 2: Burst and burst set configuration for an SSB of 4 OFDM symbols and 120 kHz SCS.

[bookmark: _Toc477778750][bookmark: _Toc478024825][bookmark: _Toc478108155][bookmark: _Toc478130675][bookmark: _Toc478150691][bookmark: _Toc478164573]Assuming an SSB with 4 OFDM symbols, two possible SSB burst set configurations are allowed for 120 kHz SCS:
v. [bookmark: _Toc477778751][bookmark: _Toc478024826][bookmark: _Toc478108156][bookmark: _Toc478130676][bookmark: _Toc478150692][bookmark: _Toc478164574]12 SSBs (1 burst) per half subframe (two slots) with bursts to be transmitted in subsequent half subframes, and,
vi. [bookmark: _Toc477778752][bookmark: _Toc478024827][bookmark: _Toc478108157][bookmark: _Toc478130677][bookmark: _Toc478150693][bookmark: _Toc478164575]4 SSBs (1 burst) per quarter subframe (two slot) in fixed positions within the subframe with bursts transmitted in subsequent quarter subframes (two slots).
SSB time index indication
Of the possible mechanisms of indicate the SS block time index, we have the following comments:
· Alt.1: Implicit indication by NR-PBCH
This has the advantage of not increasing the overhead from signalling the index, but needs investigation for allowing soft combining of NR-PBCH and the added complexity of the UE testing multiple hypothesis.
· Alt.2: Explicit indication by NR-PBCH
The same advantage as implicit indication when it comes to overhead. It should be noted that even if some bits in the NR-PBCH changes from SS block to SS block, soft combining is still possible with some added UE functionality as shown in [3].
· Alt.3: Indication by an additional SS, if such an additional SS is introduced.
Allows clean soft combining of the NR-PBCH without the need to increase the signalling space of NR-SS. With the SSS used as DMRS for NR-PBCH, coherent demodulation of the SS can be considered if such information is transmitted in a codeword, i.e., message-based SS. 
· Alt.4: Indication by NR-SS
This requires a significant increase in the signalling space of NR-SS which is not preferred. 
Taking the detection complexity, information bits to be delivered and the possible soft-combining of NR-PBCH into account, we prefer to introduce additional message-based SS, e.g., NR-TSS, to indicate the time index with the following proposal.
[bookmark: _Toc477945990][bookmark: _Toc477946018][bookmark: _Toc477948263][bookmark: _Toc478108158][bookmark: _Toc478130678][bookmark: _Toc478150694][bookmark: _Toc478164576]An additional signal, the NR tertiary synchronization signal (NR-TSS), multiplexed in the SS block, is introduced to indicate the SS block time index to avoid varying content in the NR-PBCHs within an SS burst.
Implications on unlicensed NR
Unlicensed operation yields specific requirements on the broadcast signaling due to the spectrum sharing with competing networks. Hence, it is important that the needs of unlicensed are considered when specifying the NR SSB burst and burst sets. Of particular importance is the ability to transmit sync continuously and uninterrupted, since interruptions will force the network to perform a listen before talk (LBT) prior to resuming the SSB, with the possible outcome that a competing network has accessed the spectrum.
[bookmark: _Toc478024829][bookmark: _Toc478108159][bookmark: _Toc478130679][bookmark: _Toc478150695][bookmark: _Toc478164577]Unlicensed NR should be given sufficient flexibility for functioning in an unlicensed environment. 
Unlicensed operation may differentiate from licensed operation because any unlicensed frequency bands are known a priori to the UE. be Known unlicensed frequency bands => separate SSBs, SSB bursts and SSB burst sets should be defined for unlicensed operation. 
[bookmark: _Toc477778756][bookmark: _Toc478024828][bookmark: _Toc478108160][bookmark: _Toc478130680][bookmark: _Toc478150696][bookmark: _Toc478164578]Licensed and unlicensed NR may have different SSB burst and burst set composition mappings.


Conclusion
In section 2 we made the following observations: 
Observation 1	The SSB burst and burst set composition will be a compromise in order to satisfy multiple requirements that are affected by the SSB.

Based on the discussion in section 2 we propose the following:
Proposal 1	Placement of SS block within the radio frame should be limited to avoid large overhead from signaling the SS block timing.
Proposal 2	The maximum number of SSBs in a SSB burst set should be L=16 (0 ~ 6 GHz) and L=128 (6 ~ 60GHz)
Proposal 3	L shall only define the timing index format.
Proposal 4	Assuming an SSB with 4 OFDM symbols, the timing index represents
	i.	for an SSB with 30 kHz SCS, the symbol index in the first 4 subframes, and,
	ii.	for an SSB with 120 kHz SCS, the SSB index (symbol index times SSB symbol length) in the first 8 subframes.
Proposal 5	Assuming an SSB with 4 OFDM symbols, two possible SSB burst set configurations are allowed for 30 kHz SCS
	i.	3 SSBs per slot (burst) with bursts to be transmitted in subsequent slots, and,
	ii.	1 SSB per seven symbols in a fixed position within the slot with SSBs transmitted in subsequent slots.
Proposal 6	Assuming an SSB with 4 OFDM symbols, two possible SSB burst set configurations are allowed for 120 kHz SCS:
		i.	12 SSBs (1 burst) per half subframe (two slots) with bursts to be transmitted in subsequent half subframes, and,
[bookmark: _GoBack]	ii.	4 SSBs (1 burst) per quarter subframe (two slot) in fixed positions within the subframe with bursts transmitted in subsequent quarter subframes (two slots).
Proposal 7	An additional signal, the NR tertiary synchronization signal (NR-TSS), multiplexed in the SS block, is introduced to indicate the SS block time index to avoid varying content in the NR-PBCHs within an SS burst.
Proposal 8	Unlicensed NR should be given sufficient flexibility for functioning in an unlicensed environment.
Proposal 9	Licensed and unlicensed NR may have different SSB burst and burst set composition mappings.

Appendix
Burst set composition of SSB with five OFDM symbols
In case a longer SSB, including 5 or 6 OFDM symbols, is chosen, a different setup for the SSB burst set configuration is preferred. The reason for that is that the clustering keeping in line with subframe boundaries no longer allows for frequent gaps.
Figure 3 presents the preferred structure for the case with an SSB with 5 OFDM symbols and 30 kHz SCS (top) and 120 kHz SCS (bottom). It is important to realize that this structure provides a coherent gap structure, why, e.g., UL response behavior will be predictable throughout different numerologies.


Figure 3: Burst set configuration proposal for an SSB of 5 OFDM symbols for 30 kHz SCS (top) and 120 kHz SCS (bottom).
Burst set composition of SSB with six OFDM symbols
Figure 4 presents the preferred structure for the case with an SSB with 6 OFDM symbols and 30 kHz SCS (top) and 120 kHz SCS (bottom). Also for this case, this structure allows for a coherent behavior regarding the gap structure. 


Figure 4: Burst set configuration proposal for an SSB of 6 OFDM symbols for 30 kHz SCS (top) and 120 kHz SCS (bottom).
[bookmark: _In-sequence_SDU_delivery]References
R1-1702120, SS burst set composition and SS time index indication, Ericsson, RAN1 #88, Athens, Greece, February 13th – 17th, 2017.
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