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1. Introduction
In RAN1#88bis meeting, the following agreements were made regarding NR SS (Synchronization Signal) block composition and NR SS burst set composition [1]:
	Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)
Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS
· 1 symbol NR-SSS
· 2, 3 or 4 symbols NR-PBCH (to be decided once the payload and NR-PBCH design has been agreed)
· FFS: Multiplexing of TSS/TSCH in SS block if TSS/TSCH is agreed to be introduced
· In a single SS block, the symbols are consecutive
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
Agreements:
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:
· PBCH
· Remaining minimum system information
· Other SI
· dedicated signaling
· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.


The present contribution further discusses composition of NR SS block and NR SS burst set.

2. Discussion on Measurement Gap Duration
In 3GPP RAN1#88bis meeting, one of the latest agreements is that, depending on the configuration, NR SS burst set periodicity can take one of the following values: {5, 10, 20, 40, 80, 160} ms [1]. Apparently, the power consumption of UE receiver (RX) can be reduced by reducing as much as possible the active time the UE RX spends by doing measurements. For that purpose, it is proposed in this contribution to confine the transmission of all SS blocks of the NR SS burst set within a particular time window regardless of the configured NR SS burst set periodicity. The duration of the time widow for measurements (the measurement gap) can be much less than the NR SS burst set periodicity. For example, when the NR SS burst set periodicity is 80 ms, the duration of the window is 5 ms as shown in Figure 1. The UE does not perform measurements for all 80 ms. Instead, it is active only during the 5 ms time window, which is repeated with NR SS burst set periodicity.


[bookmark: _Ref481582891]Figure 1. Illustration of 5 ms measurement gap within 80 ms NR SS burst set periodicity.
The 5 ms duration of the time window for transmission of all SS blocks from the NR SS burst set by the gNB and performing measurements by the UE has been chosen to be aligned with LTE measurement gap. In future scenarios with inter-RAT mobility between NR and LTE, this choice potentially allows the UEs operating in LTE networks to leverage the LTE measurement gap for inter-RAT measurements of NR cells.
Based on the discussion above, the following proposal can be made:
Proposal 1:
· Restrict the transmission of all NR SS blocks from the NR SS burst set within a particular time window which is sent with NR SS burst periodicity;
· Regardless of the configured SS burst set periodicity, the duration of the transmission window is the same and equal to 5 ms.

3. Discussion on Indication of Actually Transmitted NR SS Blocks
Within the transmission time window, described in the previous section, the NR SS burst set can be logically split into a number of nominal SS blocks some of which are actually transmitted SS blocks, i.e., contain NR PSS/SSS/PBCH. The maximum number of the nominal SS blocks is Lmax (predefined) and the number of actual SS blocks is L. The gNB informs the UE about exact SS block time positons within NR SS burst set. One of the most flexible means to provide the signaling about actually transmitted SS blocks is to use a bitmap. The size of the bitmap (i.e., the number of bits) is equal to the number of nominal SS blocks within the NR SS burst set where SS transmission can occur. Bit 1 indicates that there is actually transmitted SS block at the position of the corresponding nominal SS block; bit 0 (otherwise) indicates no SS transmission. However, such flexibility of the bitmap does not come for free: it requires a large amount of information transmitted in a broadcast/dedicated manner from gNB to UEs.
Instead of bitmap, i.e., to compress the amount of required information, we propose to introduce the following two parameters: 1) SS block offset S; and 2) SS block gap (interval) P in addition to the number of actual SS blocks L. A single configuration of three parameters (L,P,S) specifies regular transmission of SS blocks as shown in Figure 2.


[bookmark: _Ref481601014]Figure 2. Regular structure of NR SS burst set.
Another example is given in Figure 3 where by setting S = P = 0 it is possible to configure continuous SS block transmission.


[bookmark: _Ref481601703]Figure 3. Example of continuous SS block transmission.
The regular structure of the NR SS burst set transmission from Figure 2 and Figure 3 can be used, for example, to enable inter-cell interference coordination between multiple gNBs, e.g., by setting different SS block offset values S. Also, the resources from nominal SS blocks between actually transmitted SS blocks can be used for downlink or uplink data transmission or PRACH transmissions to enable the reuse of the gNB’s TX beams for reception signals from UEs (in case of beam correspondence at the gNB).
To obtain quasi-irregular structure of NR SS burst set, two (or more) configurations with different parameters (L1,P1,S1) and (L2,P2,S2) can be combined as exemplified in Figure 4.


[bookmark: _Ref481602655]Figure 4. Quasi-irregular structure of NR SS burst set.
The irregular structure of NR SS burst set from Figure 4 can be used in case of unequal gNB’s beam loading, i.e., when the number of associated UEs differs from one beam to another, and, therefore, different amount of uplink PRACH resources is required for different beams.
Even further reduction of necessary information about transmitted SS blocks can be achieved by restricting possible values of the number of transmitted SS blocks, i.e., L values. For example, in frequency ranges
· up to 3 GHz: L = [1, 2, 4];
· from 3 GHz to 6 GHz: L = [4, 8];
· from 6 GHz to 52.6 GHz: L = [64].
Assuming 5 ms duration of the SS transmission window, as proposed in Section 2, for SCS = 15 kHz, we would have five 14 OFDM symbol slots, and 2 SS blocks per slot would support maximum of 10 SS blocks. This should be sufficient for any frequency range below 6 GHz. For SCS = 120 kHz, we would have 40 slots, and 2 SS blocks per slot would support maximum of 80 SS blocks. This should be sufficient for any frequency range above 6GHz.
Based on the discussion above, the following proposal can be made:
Proposal 2:
· To reduce the amount of information required to indicate actually transmitted SS blocks within NR SS burst set, introduce SS block offset S and SS block periodicity P in addition to the number of transmitted SS blocks L;
· Further reduce the amount of necessary information about SS blocks by restricting possible values of the number of actually transmitted SS blocks, i.e., L values.

4. Discussion on NR SS Block Candidate Positions
An important aspect of SS burst set composition is how to map SS blocks within NR slots. The design should take into account the potential for multiplexing an SS block transmission with other downlink as well as uplink transmissions. This is especially critical if SS blocks present together with NR-PDCCH and/or NR-PUCCH in the same NR slot. To eliminate the negative situations when the transmission of control signaling is impossible due to SS blocks, we propose to avoid mapping of SS blocks onto OFDM symbols potentially used for NR-PDCCH and/or NR-PUCCH. Assuming 14 and 7 OFDM symbols in NR slot, an example of SS block placement is provided in Figure 5a and Figure 5b, respectively.
[image: ] 
(a) NR slot duration is 14 OFDM symbols
[image: ]
(b) NR slot duration is 7 OFDM symbols
[bookmark: _Ref481667519]Figure 5. Example mapping of SS blocks within NR slot.
	It should be noted that SS block insertion into a slot results in puncturing of resources that cannot be used for any other purposes. Therefore, not positioning SS blocks across slot boundaries avoids fragmentation of two slots. Furthermore, it can simplify the time index enumeration as SS blocks fit exactly in multiple integer units of slots. Finally, if the mapping of SS onto first NR-PDCCH OFDM symbols is avoided, the splitting an SS block across the slot boundary will contradict with the latest agreement that ‘In a single SS block, the symbols are consecutive’.
In case of SCS = 15 kHz, 14 OFDM symbol NR slots have two symbols with larger CP length, i.e., each first OFDM symbol within 0.5 ms duration. Therefore, it is also proposed not to map SS block across 0.5 ms boundary to avoid additional blind detection of the relative timing between OFDM symbols within SS blocks. 
In case NR supports 7 OFDM symbol slots in addition to the 14 OFDM symbol slots, we additional propose to align all the design based on the 14 OFDM symbol slots. This would simplify the SS block indication and align the SS block candidate position for all frequencies.
Proposal 3:
· In 14 OFDM symbol NR slots, avoid mapping of SS blocks onto 3 first OFDM symbols potentially used for NR-PDCCH transmission and last 3 OFDM symbols potentially used for NR-PUCCH and DL/UL switching gap periods;
· SS block confined within a slot (i.e. do not map SS block across slot boundary)
· SS block is not mapped across the 0.5 ms boundary within 1 ms slot (based on 15 kHz).
· [bookmark: _GoBack]In a 7 OFDM symbol slot configuration (if supported), align the SS block candidate positions as the 14 OFDM symbol slot configurations.

5. Discussion on OFDM Symbol Composition of NR SS Block
For the order of OFDM symbols carrying NR PSS/SSS/PBCH in the SS block, we consider the three options depicted in Figure 6.



			
	(a) Option 1	(b) Option 2	(c) Option 3
[bookmark: _Ref481626163]Figure 6. NR SS block composition options.
In Option 1, the small distance between PBCH symbols may affect the residual carrier frequency offset (RFO) estimation performance which can be based, for example, on PBCH DMRS.
In principle, it is possible to use NR SSS as the channel estimation source for PBCH in conjunction with PBCH DMRS. For that purpose, it is assumed that NR SSS and PBCH DMRS have the same mapping to antenna ports. However, in Option 2, due to the large distance between two PBCH symbols, the SSS-based channel estimate may be inaccurate for the 1st PBCH symbol.
In Option 3, due to the symmetrical location of NR SSS between the two PBCH OFDM symbols, the SSS-based channel estimate can be used to improve PBCH demodulation. At the same time, temporal separation of DMRS potentially allows to estimate and compensate small RFO.
Proposal 4:
· NR SSS and PBCH DMRS have the same mapping to antenna ports;
· For NR SS block composition, use Option 3 where NR SSS is located symmetrically between the two PBCH OFDM symbols. The NR SS block would consist of NR PSS, first OFDM symbol of NR PBCH, NR SSS, and second OFDM symbol of NR PBCH.

6. Summary
In this section, all the proposals made are listed:
Proposal 1:
· Restrict the transmission of all NR SS blocks from the NR SS burst set within a particular time window which is sent with NR SS burst periodicity;
· Regardless of the configured SS burst set periodicity, the duration of the transmission window is the same and equal to 5 ms.

Proposal 2:
· To reduce the amount of information required to indicate actually transmitted SS blocks within NR SS burst set, introduce SS block offset S and SS block periodicity P in addition to the number of transmitted SS blocks L;
· Further reduce the amount of necessary information about SS blocks by restricting possible values of the number of actually transmitted SS blocks, i.e., L values.

Proposal 3:
· In 14 OFDM symbol NR slots, avoid mapping of SS blocks onto 3 first OFDM symbols potentially used for NR-PDCCH transmission and last 3 OFDM symbols potentially used for NR-PUCCH and DL/UL switching gap periods;
· SS block confined within a slot (i.e. do not map SS block across slot boundary)
· SS block is not mapped across the 0.5 ms boundary within 1 ms slot (based on 15 kHz).
· In a 7 OFDM symbol slot configuration (if supported), align the SS block candidate positions as the 14 OFDM symbol slot configurations.

Proposal 4:
· NR SSS and PBCH DMRS have the same mapping to antenna ports;
· For NR SS block composition, use Option 3 where NR SSS is located symmetrically between the two PBCH OFDM symbols. The NR SS block would consist of NR PSS, first OFDM symbol of NR PBCH, NR SSS, and second OFDM symbol of NR PBCH.
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