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Introduction
In RAN #71, the SID on the new radio (NR) system [1] was agreed. The design of NR system should support up to 100GHz carrier frequency and also diverse deployment scenarios as defined in 3GPP TR 38.913 [2]. 
In RAN1#86, the following CP length discussions was agreed,

· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later
· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE
· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case
· Other subcarrier spacing solution can be considered with an equal priority in the further study
· More than one CP length should be studied for a given subcarrier spacing
· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 
· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not
· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE

Additional subframe duration was agreed to scale proportionally as follows,

· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms


The working assumption of alignment within a subframe was made as follows,:

· Alignment within a subframe
· Symbol level alignment across different subcarrier spacing with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case

RAN1 also agreed of multiplexing transmission with different CP overheads as follows,

· RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads

The scalability of NR subcarrier spacing was agreed as follows,

· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied
· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

In this contribution, we discuss the symbol alignment and operation in unlicensed band in NR system design.

Symbol Alignment and Operation in Unlicensed Spectrum 

The working assumption of symbol alignment across different subcarrier spacing within a subframe was made in RAN1#86 as follows,:

· Alignment within a subframe
· Symbol level alignment across different subcarrier spacing with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
The subframe was also defined in RAN1#86 as follows,
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
· With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology
· This does not preclude multiple data transmission opportunities in time within a subframe duration
· This does not preclude multiple control transmission opportunities in time for both DL and UL within the subframe duration
· This does not preclude one data transmission to span over multiple subframe durations
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged



The definition of “subframe” in NR is to use it as the reference counter in time for the scheduling.   The timing of the subframe is cell-specific as the sub-partition of frame counter SFN in the system configuration.  DL synchronization channel, broadcast channels, and control channels are configured based on the reference timing of the subframe in a cell.  The symbol would be aligned across different numerologies with the reference of the subframe timing.   The scheduling instance would be per slot as “slot” is one possible scheduling unit.   UE would monitor the DL control channel within a slot for its DL and UL grant.  The subframe boundary could be used as the reference for the configuration of slot starting time.  The starting time of a slot is the timing offset of the subframe boundary as shown in Figure 2-1.   If the starting time of a slot could be configured by the network semi-statically or dynamically for each UE, the starting time of scheduled transmission could be very flexible without the limitation of subframe boundary.   The flexible transmission time is particularly useful in the operation of unlicensed band when the transmission is allowed only when the channel is clear.   

The timing offset of the slot starting time could be defined with a small unit, such as an OFDM symbol, to give more flexibility.  Each slot would start with a offset related to the number of OFDM symbols from the start of the subframe.  The OFDM symbol with different numerologies could be aligned with the reference of subframe timing.   In the operation of unlicensed band, the symbol would be aligned across different numerologies for the scheduled transmission when the slot is UE-specifically configured.   

Proposal 1: 	 UE-specific slot configuration with offset relative to the subframe boundary would support symbol alignment across different numerologies and have flexibility in setting the transmission time in the unlicensed band operation.   



Figure: 2‑1: UE-specific slot configuration for access in both licensed and unlicensed bands.

Conclusion
In this contribution, we discuss the symbol alignment as the NR system operates in unlicensed spectrum.   We propose
· Proposal 1:  UE-specific slot configuration with offset relative to the subframe boundary would support symbol alignment across different numerologies and have flexibility in setting the transmission time in the unlicensed band operation.   
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