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1. Introduction
At the RAN1#88bis meeting, following agreements related to NR-SS block/burst set design were reached [1].
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· 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 BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
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]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded

Note that above agreements are updated agreements


In this contribution, we discuss further details on SS block composition and SS burst set composition. SS block index indication mechanism is discussed in our companion contribution [2].
2. Discussion on SS block composition
As described in previous section, RAN1 agreed that SS block is consist of 1 symbol NR-PSS, 1 symbol NR-SSS, and 2 symbol NR-PBCH unless MIB size is larger than assumed. As the remaining issue, we need to consider the mapping order of them within consecutive four symbols.  If the same NR-PBCH is repeated within SS blocks or DMRS for PBCH is mapped on every PBCH symbol, such structure can be used for frequency offset compensation.
The residual frequency offset after NR-PSS/SSS detection is dependent on the specific CFO compensation scheme, received SNR condition and other detailed parameters. Here, we show the example of residual frequency offset after NR-PSS/SSS detection in Figure 1. From the Figure 1, we can observe that basically the residual frequency offset is distributed at least within the range of {-(half of SS subcarrier spacing), +(half of SS subcarrier spacing)}. In other words, we can say that the residual phase rotation within the range of +/-  [radian] per OFDM symbol length may still exist after NR-PSS/SSS detection. For further frequency offset compensation, phase rotation within duration longer than one OFDM symbol length needs to be derived. Therefore, for further frequency offset compensation, two NR-PBCH symbols should be located with the interval of two OFDM symbols as shown in Figure 2, and DMRS for PBCH should be mapped on every PBCH symbol as argued in [3].
Proposal 1: Two NR-PBCH symbols should be located with the interval of two OFDM symbol for further carrier frequency offset compensation.

· NR-PSS is mapped to first symbol within SS block, NR-SSS is mapped to third symbol within SS block, and NR-PBCH with DMRS is mapped to second and fourth symbols within SS block.
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Figure 1: An example of residual frequency offset after NR-PSS/SSS detection (Es/N0 = -6 dB, SS SCS = 15 kHz)
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Figure 2: Proposed SS block composition

3. Discussion on SS burst set composition

3.1. SS burst set composition
In NR, multiple SS blocks e.g., up to 64 SS blocks for frequency range from 6 GHz to 52.6 GHz, are mapped within one SS burst set. There are two possible approaches for SS block time location, i.e. localized mapping manner or distributed mapping manner. Since UE needs to search SS blocks for RRM measurement, localized mapping manner should be preferable in order to minimize UE measurement duration. In addition, from gNB perspective, localized mapping manner can maximize interval between always-on transmissions and hence it would be preferable in terms of NW energy saving. 
On the other hand, we need to discuss on other requirements for SS block location mapping such as availability for DL/UL control channel within a slot containing SS block location. As shown in Figure 3-1, simple localized mapping manner, where multiple SS blocks are located consecutively without gap, seems not preferable since scheduling and response may be restricted, e.g., delayed. To resolve the problem, we can consider the semi-localized mapping manner to increase the availability of DL/UL control transmission within some slots containing SS block location. In the semi-localized mapping manner, SS block locations avoid overlapping with DL/UL control channel region within slot as much as possible. In addition, such gap between SS block locations should cover not only DL/UL control channel region with same SCS as SS block but also DL/UL control channel region with different SCS from SS block. Some examples are shown in Figure 3-2 and 3-3. In Figure 3-2, assuming that minimum DL control region is 2 symbols and minimum UL control region is 2 symbols including guard time, proposed mapping can avoid overlapping between SS block location and such minimum DL/UL control channel regions of same/different SCS as much as possible. In Figure 3-3, it is assumed that minimum DL control region is 1 symbol and minimum UL control region is 2 symbols including guard time.
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Figure 3-1: Problem of simple localized SS block mapping
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Figure 3-2. Example of proposed design for SS burst set composition (assuming minimum 2 symbols for DL control channel region and 2 symbols for UL control channel region including guard time)
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Figure 3-3. Example of proposed design for SS burst set composition (assuming minimum 1 symbol for DL control channel region and 2 symbols for UL control channel region including guard time)
Proposal 2: For SS block location mapping, semi-localized manner having following properties should be applied.

· SS block locations are basically localized so that UE measurement duration can be minimized and gNB transmission interval between always-on signals can be maximized.

· There are some gaps between SS block locations in order to avoid overlapping with DL/UL control channel region within slot as much as possible even for DL/UL control channel region based on different SCS from SS block SCS.

3.2. Maximum number of SS blocks
As described in section 1, there are some candidate values of maximum number of SS blocks within the SS burst set L for frequency ranges up to 3 GHz and from 3 GHz to 6 GHz. Basically, we think that larger number of L is beneficial to support flexible operation with time repetition and/or multi-beam irrespective of frequency bands. However, to support large number of L, there may be two technical concerns. First, large number of L may increase overhead because of multiple SS blocks in time domain. However, it is trade-off between overhead and coverage, and operators can control actual number of SS blocks to be transmitted based on their requirements on overhead and coverage. Second, the required number of bits for SS block time index would be increased for larger number of L. For this issue, frequency range from 6 GHz to 52.6 GHz has largest impact since L for the range is much larger than that for other below 6 GHz ranges. So basically this issue may not be a reason to select smaller candidate value for frequency ranges up to 3 GHz and from 3 GHz to 6 GHz. In addition, as discussed in [2], we can consider efficient way to save number of required bits in PBCH payload for SS block time index indication, such as the combination of explicit and implicit indication mechanisms. 
Basically single beam operation is special case of multi beam operation and we should strive for common procedure between single beam and multi-beam operations. So, although there may be some case where separate procedures are defined for single beam and multi-beam operations, such case should be minimized. Therefore, we propose that larger number, i.e. L = 4 for frequency range up to 3 GHz and L = 8 for frequency range from 3 GHz to 6 GHz, is supported in NR. 

Proposal 3:  Maximum number of SS blocks within SS burst set L should be decided as follows.
· For frequency range up to 3 GHz, L is 4.

· For frequency range from 3 GHz to 6 GHz, L is 8. 
4. Conclusion
In this contribution, we discussed on SS block composition and SS burst set composition and made following proposals.
Proposal 1: Two NR-PBCH symbols should be located with the interval of two OFDM symbol for further carrier frequency offset compensation.

· NR-PSS is mapped to first symbol within SS block, NR-SSS is mapped to third symbol within SS block, and NR-PBCH with DMRS is mapped to second and fourth symbols within SS block.
Proposal 2: For SS block location mapping, semi-localized manner having following properties should be applied.

· SS block locations are basically localized so that UE measurement duration can be minimized and gNB transmission interval between always-on signals can be maximized.

· There are some gaps between SS block locations in order to avoid overlapping with DL/UL control channel region within slot as much as possible even for DL/UL control channel region based on different SCS from SS block SCS.

Proposal 3:  Maximum number of SS blocks within SS burst set L should be decided as follows.
· For frequency range up to 3 GHz, L is 4.

· For frequency range from 3 GHz to 6 GHz, L is 8. 
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