
3GPP TSG RAN WG1 Meeting #87	                                                                 R1-1611364
Reno, NV, USA, 14th – 18th November 2016


Source:	CATT
[bookmark: Title]Title:	NR symbol alignment and operation in unlicensed spectrum
Agenda Item:	7.1.1
Document for:	Discussion and Decision

Introduction
In RAN1#86bis, the CP alignment and the CP length supported by NR system were agreed as follows, 

Agreements:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
· For normal CP family, the following is adopted
· For Fs = 15 kHz * 2n (n is non-negative integer), 
· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of Fs
· Other than the first OS in every 0.5msec, all OFDM symbols within 0.5msec have the same size
· The first OS in 0.5msec  is longer by 16 Ts (assuming 15 kHz and FFT size of 2048) compared to other OSs
· 16 Ts is used for CP for the first symbol
· For Fs = 15 kHz * 2n (n is a negative integer)
· Each symbol length (including CP) of Fs equals the sum of the corresponding 2-n symbols of 15 kHz

Extended CP and potential zero CP for high frequency band were agreed as follows,


R1-1610810	Way forward on CP Huawei, HiSilicon, Sony, OPPO, CATT, Vodafone, Ericsson, ZTE, Intel , Mediatek, NTT DOCOMO, CATR

Agreements:
· From Phase 1, physical layer design should support an extended CP
· Extended CP will be only one in given subcarrier spacing
· FFS: Exact for the services/scenarios for extended CP

R1-1610500	WF on Numerology for forward compatibility	InterDigital, Mitsubishi, Nokia, Alcatel-Lucent Shanghai Bell, Intel
Also supported by KDDI

Agreements:
· RAN1 has not so far identified any forward compatibility issues for the potential introduction of new waveforms including zero-length CP in the future.

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  frame structure were defined in RAN1#86 and RAN1#86 as follows,
· Subframe - 
· A subframe duration is fixed at 1 ms based on the reference numerology of 15kHz subcarrier spacing.
· Slot
· Slot duration  – 7 and 14 for up to 60 kHz  SCS and 14 for above 
· Mini-slot
· Should at least support transmission shorter than 7 OFDM symbols in the numerology used for transmission
· The smallest mini-slot is the smallest possible scheduling unit 



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 channels (NR-PSS/NR-SSS), broadcast channels (NR-PBCH), and DL 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 the 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 the 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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