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1. [bookmark: _Ref462751722]Introduction
[bookmark: _Ref470449758][bookmark: _Ref462751328]SS block is the basic building block of larger constructions used for various functions such as acquisition, mobility and beam management.  In this contribution, we discuss the grouping of SS blocks in these larger constructions, namely, a burst, a burst-set, and a BCH TTI. We also provide our discussion on the PSS/SSS/PBCH design in other contributions [1][2][3]
Agreements:
· …
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· …
· PBCH TTI: 80 msec
· …
Agreements:
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.
· FFS: indication of radio frame boundary by NR-SSS
Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· …
Agreements:
· RAN1 strives to supports combining NR-PBCH
· The different options to be considered:
· Across SS Burst Set
· Within SS Burst Set 
· Within subset of an SS burst set, e.g. within an SS burst, within a number of slot(s) etc.


	
2. SS block composition
SS block is the fundamental building block of SS burst set. Based on the existing agreement, a SS block consists of 1 symbol PSS, 1 symbol SSS and 2 symbols of PBCH. PSS, SSS and PBCH are TDM’ed within a SS block and are consecutive. From the bandwidth perspective, PSS has the same bandwidth as SSS and contains 127 tones, while PBCH contains 288 tones. We propose the synchronization signals and the physical broadcast channel within a synchronization signal block are time-multiplexed with an order provided in Figure 1. SSS is placed between two PBCH symbols for a good PBCH performance in high Doppler scenarios as SSS can be used as the DMRS for PBCH decoding if they are transmitted from the same port (QCL). 


[bookmark: _Ref470450992]Figure 1: Unified NR synchronization signal block design
Proposal 1: The synchronization signals and physical broadcast channel are time-multiplexed within an SS block with an order presented in Figure 1.
3. Maximum number of SS blocks in a SS burst set
Grouping of SS blocks in burst-set and BCH TTI is illustrated in Figure 2.  A burst-set may be defined as the set of SS blocks comprising one complete beam-sweep. Note that within the burst set, beam used by the gNB is up to the implementation, hence the same beam can also be used for coverage improvement. Therefore, periodicity of a burst-set is the periodicity at which the UE receives SS blocks with the same beam (SS block) index from the same gNB. These blocks may not be contiguous, permitting interspersed DL/UL control and data.  In this case a burst-set will be composed of multiple bursts, where a burst is a set of consecutive SS blocks transmission resources available to the gNB. 
[bookmark: _GoBack]Moreover, let  denote the number of burst-sets contained in BCH TTI.  It was agreed at RAN1#88b that at least  burst-sets for initial cell acquisition.  However, there may be other burst-sets, more frequent or less frequent, for connected/idle UEs and in a non-standalone deployment.    
[image: ]
Figure 2: Burst-set and BCH TTI, showing L SS blocks per burst-set and m burst-sets per BCH TTI.

The maximum number of SS blocks within a SS burst set is denoted as . The following agreement was made during RAN1 #88bis meeting regarding the value of L
Agreements:
· 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]


It is also important to clarify that  SS blocks per burst-set denotes the maximum available SS block resources and a gNB may choose (quasi-statically) to transmit fewer SS blocks.  Having that in mind, the number L has some potential impact on the UE complexity. In order to achieve the best performance, UE may choose to jointly detect PSS, and/or SSS, and or/PBCH by combining multiple SS blocks within in SS burst set. When the L is very large, UE has more ambiguity where the next the SS block may occur, hence may lead to increased number of hypothesis testing. On the other side, large L will give NW more flexibility to choose how many SS blocks to use, also provide potential benefit of reducing UE search latency. We propose to have L=2 for frequency range up to 3GHz, and L=4 for frequency range from 3GHz to 6GHz
Proposal 2: For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is L = 2. For frequency range from 3GHz to 6 GHz, L=4
4. SS bust set composition
The next step, we need to design the SS bust set composition, or the location of SS block within a SS burst, there are a few design goal or requirement 
· It is preferred to contain the durations of SS burst set within 5ms. Base on SS burst set periodicity agreement, when NW assistance is not available, UE assumes 5ms SS burst set periodicity, hence it is desirable that all SS blocks within a burst set can be contain in a 5ms window
· SS block location should strive to allow the low latency operation of NR on both DL and UL. Low latency requirement has multiple implication. First, from the DL and UL direction perspective, SS block transmission will block UL data transmission in a TDD system. Hence it is desirable to leave gaps between SS blocks for UL data transmission. Second, it is also desirable for SS block not to block the control. The control includes both the DL control, which is transmitted in the DL common burst (DLCB) and UL control, which is transmitted in the UL common burst (ULCB). 

With those requirements in mind, we also need to realize that in general, sub-6GHz and above-6GHz design has different conditions. In general, above-6GHz SS block uses relatively large SCS compared to control and data, hence within a data slot, more SS block can fit. Even though we will strive to design a uniform SS block composition, a separate design is also okay.
3.1 Sub-6GHz SS burst-set composition
Here, we consider two solutions of SS burst-set compositions. We also show the data/control numerology in order to check the potential collision between SS block and DL/UL control. We assume 2 symbol DL control (DLCB), 2 symbol gap and 2 symbol UL control (ULCB). It is important to note that 4 symbol combined UL gap and UL control may not be necessary.
Fig 3 illustrates the Sub-6 Alt1 for SS burst set composition. In summary
· SS blocks are always consecutive
· 1 SS block with 15kHz SCS can be used to carry two consecutive SS blocks with 30kHz SCS.
· Within 2 ms, we can fit in 7 SS blocks with 15kHz SCS or 14 SS blocks with 30kHz SCS. Depending on the final choice of L, the actual duration of SS burst set can be much shorter.
The cons of this design are also shown in Fig 3 that, depending on the data/control numerology, some SS blocks will collide with the ULCB and DLCB, in which case, if we need to avoid DLCB and ULCB, the actual number of usable SS blocks is limited.



Figure 3 Sub-6GHz SS burst set composition Sub6-Alt1
Fig 4 illustrates an alternative design, Sub6-Alt2, which is trying to solve the issue of avoiding DLCB and ULCB. In summary
· The first SS block in a SS burst set starts 2 symbols away from the beginning of the slot. The SCS of 2 symbol depends on the control numerology which will be signaled in PBCH as part of the PDCCH configuration. This ensures the avoidance of the DLCB
· Within 1 ms, there is only one SS block of 15kHz SCS or 2 consecutive SS blocks of 30kHz SCS.



Figure 4 Sub-6GHz SS burst set composition Sub6-Alt2
Proposal 3: For sub-6GHz, consider Sub6-Alt1 or Sub6-Alt2 for SS burst set composition, as illustrated in Figure 3 and 4.
3.2 Above-6GHz SS burst-set composition
We propose that all SS bursts of a frequency range are based on the same pattern.  The simplest option is that all SS blocks are contiguous.  Then for  SS blocks at 120 KHz SS block SCS, a burst-set blocks out 2.29 ms (9+ slots of 60 KHz SCS).  Due to hybrid beamforming constraints, this interruption to DL/UL control and data is not desirable.  However, it can be left up to gNB to quasi-statically omit certain blocks and free up slots for control/data.  
The other option is to design the burst-set pattern that incorporates sufficient gaps for control/data to begin with. (gNB can still free up further slots on quasi-static basis, if needed.) Towards this end, we propose the pattern that is partially illustrated in Figure 3; the illustration is over 1 ms duration, i.e., 4(8) slots of 60(120) kHz slot numerology.  Here 7 SS blocks occur contiguously in one 60 KHz slot (250s), followed by a gap slot.  Therefore, a total of 63 SS blocks of a burst-set span 9 occupied 60 kHz slots or a total of 17 slots including gap slots.  The 60KHz slots occupied by SS blocks are, e.g., slots 0,2, 4,16 of a radio frames.  Thus, a burst-set spans 4.25 ms, including gap slots.   


[bookmark: _Ref481676841]Figure 5: Burst-set pattern for 6--52.6 GHz, in 60 kHz and 120 kHz slot numerology. SS numerology is assumed to be 120kHz. OFDM symbols potentially used for DL/UL control are also shown.

Proposal 4: For above-6GHz, consider SS burst set composition as illustrated in Fig.5. Burst-set is built using 7 consecutive SS blocks, followed by a gap of equal duration.
5. Conclusion
This contribution proposes SS block composition and SS burst set compositions for both sub-6GHz and above 6GHz. The proposals are summarized as blow
Proposal 1: The synchronization signals and physical broadcast channel are time-multiplexed within an SS block with an order presented in Figure 1.
Proposal 2: For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is L = 2. For frequency range from 3GHz to 6 GHz, L=4
Proposal 3: For sub-6GHz, consider Sub6-Alt1 or Sub6-Alt2 for SS burst set composition, as illustrated in Figure 3 and 4.
Proposal 4: For above-6GHz, consider SS burst set composition as illustrated in Figure 5. Burst-set is built using 7 consecutive SS blocks, followed by a gap of equal duration.
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