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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The initial access procedure including the design of the synchronization signals (SS) is a critical aspect of the NR physical layer design that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides views on the NR SS design related to the SS block and burst set composition.

2 SS Block and Burst Set Composition
During RAN1#89 the following agreements were reached regarding the SS Burst Set composition and number of SS blocks within a SS burst set:

Agreements:
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are 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
· Note: 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, following requirements are met 
· At least 2 symbol are 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
· Note: 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 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: 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
· Above agreements does not preclude 7 OFDM symbol slot operation

The above requirements on the mapping of SS Blocks to a slot duration allow multiplexing of other signals/channels (e.g. control and data) within the SS burst set in case fewer beams are required than supported by the maximum number of SS-blocks, L. Assuming at least two symbols reserved for control at the beginning of a slot and 2 symbols at the end (except for 240kHz which reserves 4 symbols at the start and end of two consecutive 14 symbol slots), along with the upper limit of at most two SS Blocks in the slot, it is still open how to place the SS Blocks within the remaining 10 symbols of the slot. The mapping should consider practical scenarios for multiplexing NR data transmissions and SS Block transmissions which are discussed in this section.

One additional aspect is the placement of DMRS when data is present in the slot containing SS Blocks. In order to accommodate DMRS mapped in the third OFDM symbol, SS Blocks should not be mapped until after the third OFDM symbol of a slot. In addition, placing the start of an SS Block on an even OFDM symbol (e.g. symbols 4 or 8) enables easy TDM multiplexing of NR data and SS Blocks which may utilize different numerologies (e.g. 15kHz for data and 30kHz for SS Blocks) by avoiding potential symbol misalignment or wasted DL resources. Based on these considerations, the proposed mapping for 15kHz, 30kHz, and 120kHz SS Block SCS should define consecutive placement of two SS Blocks in symbols 4 and 8 of a 14 symbol slot as shown in Figure 1 below. 
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Figure 1. Proposed SS Block Mapping for 15kHz, 30kHz, and 120kHz SCS
This design also enables a straightforward extension for the special case of 240kHz, since 4 symbols need to be reserved at the start of two consecutive 14 symbol slots. However the mapping of Figure 1 cannot be strictly duplicated since additionally 4 symbols are required to be reserved at the end of the two consecutive 14 symbol slots in order to enable efficient TDM multiplexing of 120kHz data and 240kHz SS Blocks. Instead a mapping which is symmetric across the slot boundary can fulfill all the requirements as shown in Figure 2.
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Figure 2. Proposed SS Block Mapping for 240kHz SCS
Finally, another critical additional requirement is the mapping of SS Blocks within a slot taking into account LTE-NR coexistence, specifically when TDM sharing is utilized on overlapping spectrum bands. Since the NR SS Blocks are ‘always on’ periodically transmitted signals for NR, their placement in the slot should not overlap with such ‘always on’ LTE signals such as CRS and should also avoid the PDCCH regions as well in order to not impact the operation of legacy LTE devices.  The proposed mapping can fulfill this requirement for both LTE normal DL and MBSFN subfames depending on the supported minimum carrier bandwidth and SS Block numerology, although there may be a restriction on whether the network may transmit the maximum L SS Blocks. For example Figure 3a and Figure 3b illustrate mapping 30kHz SS Blocks in two consecutive NR 14 symbol slots which are overlapping with LTE normal DL and MBSFN subfrmes respectively. 
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Figure 3. TDM coexistence of 30kHz SS Blocks and LTE normal DL and MBSFN subfames
While all L=4 SS Blocks may be transmitted in the case of the MBSFN subframe coexistence, only two of the four are transmitted (the first and third SS Blocks) in the normal LTE DL subframe in order to avoid a collision with symbols containing CRS. However this tradeoff is acceptable, given that there is no impact to legacy LTE devices while still enabling TDM sharing resources between LTE and NR.

Proposal 1: For 15kHz, 30kHz, and 120kHz SS Block SCS, the two candidate SS Block positions within a 14 symbol slot are symbols 4-7 and 8-11. 

Proposal 2: For 240kHz SS Block SCS, the four candidate SS Block positions within two consecutive slots of 14 symbols are symbols 4-7 and 8-11 of the first slot, and symbols 2-5 and 6-9 of the second slot. 

For multi-beam operation, the duration of the SS burst set will depend on the total number of beams supported at the gNB and UE since both transmit and receive beamforming may be utilized. It is important from a deployment flexibility and efficient utilization of radio resources to allow multiplexing of the SS blocks with other signals/channels within the SS burst set.

Defining the SS block time locations is needed for at least the initial cell search and IDLE mode procedures. However, while a default burst set periodicity is defined per carrier frequency, different periodicities of the NR SS may be configured at least for CONNECTED UEs to support different use cases such as integrated access and backhaul and different levels of mobility [3]. As a result it is important that the set of SS block time locations can accommodate different SS burst set periodicities and the measurement timing/duration should be UE-specific. 

In addition, during RAN1#88bis the following was agreed regarding indication of the actual transmitted SS blocks within a SS burst set: 
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.
Since the total number of resources and the respective transmission periods for initial access signals in the system depends on the specific deployment scenario, it is beneficial that a UE should only need to be aware of the signals required for its own cell discovery and synchronization procedures and the configuration/transmission of additional resources for other purposes (e.g. based on mobility or for integrated access and backhaul) and not intended for the UE is transparent from its perspective. This ensures forward compatibility as well as simplifies the procedure at a given UE in a system which may support multiple different use cases and functionalities simultaneously in an efficient manner.  

Proposal 3: NR should support dedicated signalling for UE-specific indication of valid SS block time locations within a given SS burst set which accommodate different SS burst set periodicities.
3 Conclusion
This contribution analyzed the time configuration of NR synchronization signals. The following proposals were made:

Proposal 1: For 15kHz, 30kHz, and 120kHz SS Block SCS, the two candidate SS Block positions within a 14 symbol slot are symbols 4-7 and 8-11. 

Proposal 2: For 240kHz SS Block SCS, the four candidate SS Block positions within two consecutive slots of 14 symbols are symbols 4-7 and 8-11 of the first slot, and symbols 2-5 and 6-9 of the second slot. 

Proposal 3: NR should support dedicated signalling for UE-specific indication of valid SS block time locations within a given SS burst set which accommodate different SS burst set periodicities.
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