3GPP TSG RAN WG1 NR AH#2                                         R1-1710914
Qingdao, P.R. China, 27th – 30th June 2017

Agenda Item:	5.1.1.1.2
Source:	InterDigital Inc.
Title:	On SS Burst Set Composition and Multiplexing
Document for:	Discussion and Decision
Introduction
In RAN1 NR Ad-Hoc meeting, the following has been agreed on synchronization signal for NR design [2]:
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· 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.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.
In addition, in RAN1#88 meeting, the following has been agreed on synchronization signal [3]:
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

In RAN1#88bis meeting, the following has been agreed on synchronization signal [4]:
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

Furthermore, in RAN1#89 meeting, the following has been agreed on synchronization signal [1]:
Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision

NR system operation is expected to support very high frequencies (e.g. > 6 GHz), for example operation may initially be expected up to 52 GHz and later up to 70GHz or higher. For these high carrier frequencies, it is expected that single and multi-beam operation may be required due to the large path and penetration losses at these frequencies. It has been agreed that both multi-beam, and single-beam, based approaches need to be studied for NR. Unlike < 6 GHz operation, high frequency beam based operations present specific and unique challenges for initial access. 
In this contribution, we considered and discussed SS burst design for initial access, and related observations for SS burst set composition and multiplexing for single and multi-beam initial access. We also discussed the mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations.

SS Block Composition and Multiplexing
The synchronization signal may be multiplexed either in time or frequency division fashion. Synchronization signal multiplexing for the NR design supports time division multiplexing (TDM) of PSS, SSS and PBCH for the single beam and multi-beam scenarios. An SS block may correspond to K OFDM symbols based on the default subcarrier spacing and K is a constant. The multiplexing structure of signals within an SS block is fixed.
NR-PSS, NR-SSS and NR-PBCH are presented in every SS block. In addition, the number of OFDM symbols per SS block is at least four, i.e.,. This includes 1 OFDM symbol for NR-PSS, 1 OFDM symbol for NR-SSS and at least 2 OFDM symbols for NR-PBCH. Number of OFDM symbols for NR-PBCH could be more than 2 and could be up to 4 if it is decided that the payload size for NR-PBCH needs to be extended. In a single SS block, the OFDM symbols are consecutive. Multiplexing of TSS/TSCH in SS block may be possible if TSS/TSCH is agreed to be introduced.
Different multiplexing and arrangement for PSS, SSS and PBCH in a SS block using TDM is possible. For example, the PSS, SSS and PBCH may be arranged at the order of PSS, PBCH, SSS and PBCH as shown in Figure 1. The design principle could be to keep SSS closer to PBCH so that SSS can be used as reference signal for PBCH.



[bookmark: _Ref481271560][bookmark: _Toc481355374]Figure 1: PSS/SSS/PBCH Multiplexing in a SS Block Option 1

Another way to multiplex and arrange PSS, SSS and PBCH is to place PBCH on both sides while keeping PSS and SSS in between PBCHs. The PSS, SSS and PBCH could be arranged at the order of PBCH, PSS, SSS and PBCH as shown in Figure 2.



[bookmark: _Ref481271742][bookmark: _Toc481355375]Figure 2: PSS/SSS/PBCH Multiplexing in a SS Block Option 2

If the design principle is to keep PSS closer to SSS and at the same time keep SSS closer to PBCHs. The resulting TDM multiplexing and arrangement of PSS, SSS and PBCH may be at the order of PSS, SSS, PBCH and PBCH as shown in Figure 3.



[bookmark: _Ref481272041][bookmark: _Toc481355378]Figure 3: PSS/SSS/PBCH Multiplexing in a SS Block Option 3

[bookmark: _GoBack]Proposal 1: Efficient multiplexing of NR-PSS, NR-SSS and NR-PBCHs within a SS block using TDM in a multi-beam based system should be considered.

SS Burst Set Composition 
Synchronization signal burst set design and composition may consider the radio frame number, slot number or subframe number, system frame number (SFN), periodicity and coherent combining of signals. For a given frequency band, an SS block corresponds to K OFDM symbols and K is a constant. The multiplexing structure of signals within an SS block is fixed. An SS burst may correspond to N SS blocks. An SS burst set may correspond to M SS bursts. 
The maximum number of SS blocks, L, within an SS burst set may be carrier frequency dependent. For lower frequency ranges such as sub 6 GHz, the number (L) could be small. The exact number L may be further studied within L ≤ 16. For higher frequency range such as 6 ~ 60GHz or higher, the number L can be larger. For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is 4. For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is 8. For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is 64.
Figure 4 shows an example for constructing and composing SS blocks, bursts and burst sets. In this example an SS burst set may correspond to L SS blocks. The SS block is defined with respect to the SS burst set. Therefore, an SS block index may be indicated within SS burst set. 



[bookmark: _Ref473500890][bookmark: _Toc473561033]Figure 4: SS Burst Set Composition 

Figure 5 shows SS blocks mapping to a 14 OFDM symbols subframe. A SS block comprises of four consecutive symbols (1 PSS, 1 SSS and 2 PBCHs), and NR-PSS, NR-SSS and NR-PBCHs are placed in the same slots. The mapping of SS blocks are not across slot boundary. Figure 5 shows two SS blocks are mapped to 14 OFDM symbol slot. The first three OFDM symbols are reserved for DL control channel or mini-slot while the last three OFDM symbols are reserved for UL control channel. 



[bookmark: _Ref481777911]Figure 5: Example SS Mapping to 14 OFDM symbols Slot 

As mentioned previously, an SS burst may correspond to N SS blocks and an SS burst set may correspond to M SS bursts, or an SS burst set may correspond to L SS blocks. SS burst set design and composition may be based on a fixed or flexible scheme. One design may use fixed values of M and/or N. The values of M or N may be designed such that they are cell-specific, gNB-specific or TRP-specific. Alternatively, any the values of M or N may not be fixed and may be changed. In this case information for M and/or N may be provided or updated by the network and parameters M and/or N may be configured.
A UE may be configured with information about which SS blocks in an SS burst set may be transmitted by the gNB. The UE may also provide information to the gNB or TRP about which SS blocks in an SS burst set may be activated, enabled, deactivated, or disabled for the transmission of SS. For example, when in connected mode, the UE may provide information to the gNB or TRP about which SS blocks in an SS burst set may be activated or deactivated for transmission via UE feedback. 
For the possible SS block time locations the following mapping can be used: In the mapping with 15 and 30 kHz subcarreir spacing, at least one symbol is preserved for DL control at the beginning of the slot of 14 symbols. At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols. The slot is defined based on SS subcarrier spacing. At most two possible SS block time locations are mapped to one slot of 14 symbols.
In the mapping with 120 kHz subcarreir spacing, at least two symbols are preserved for DL control at the beginning of the slot of 14 symbols. At least two symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols. At most two possible SS block time locations are mapped to one slot of 14 symbols.
In the mapping with 240 kHz subcarrier spacing across two consecutive slots, at least four symbol are preserved for DL control at the beginning of the first slot of 14 symbols. At least four symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols. The slot is defined by 240 kHz subcarrier spacing. At most four possible SS block time locations are mapped to two consecutive slots of 14 symbols each. 
SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing. Mapping of SS block time locations for NR unlicensed band operation is FFS. 

Proposal 2: In the mapping with 15 and 30 kHz subcarreir spacing, at least one and two symbols are preserved for DL control at the beginning of the slot of 14 symbols for 15 and 30 kHz subcarreir spacing respectively. At least two symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols.

Conclusions
In this contribution, we considered and discussed the SS burst design for the initial access and related observations for the SS burst set composition and multiplexing for multi-beam initial access. Based on the observations, we have the following proposals:
Proposal 1: Efficient multiplexing of NR-PSS, NR-SSS and NR-PBCHs within a SS block using TDM in a multi-beam based system should be considered.
Proposal 2: In the mapping with 15 and 30 kHz subcarreir spacing, at least one and two symbols are preserved for DL control at the beginning of the slot of 14 symbols for 15 and 30 kHz subcarreir spacing respectively. At least two symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols.
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