
3GPP TSG RAN WG1 Meeting #92bis		                                                      R1-1803780
Sanya, China, April 16th –20th, 2018


Source:	CATT
Title:	Physical Layer Procedures for NR Unlicensed Operations
[bookmark: Source][bookmark: DocumentFor]Agenda Item:	7.6.4
Document for:	Discussion/Decision

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN1#92 meeting, the following was agreed for NR-U [1].
Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
Agreement:
· From RAN1 design perspective, the study is not limited to a particular unlicensed band
· Note: This does not have any implications on prioritizations between unlicensed bands
· Note: The study does not target sub-1GHz unlicensed bands

In this contribution, we main discuss aspects on potential physical layer procedures in NR Unlicensed band.
Discussion
In the LTE-LAA design, carrier aggregation structure is adopted between PCell and SCells with carrier access in unlicensed spectrum as the SCell. Then most of UE network accesses are through the licensed carrier. The carriers operating in unlicensed spectrum are mainly used for data transmission in LAA.  Comparing to LTE-LAA, both NR based LAA operating with the CA/DC approach and NR based standalone access in unlicensed spectrum are supported, which the following procedures are involved: they are channel access, initial access, random access, system information broadcast, mobility management, network access for both IDLE and CONNECT mode UEs and mobility management. The access scheme in unlicensed spectrum is an opportunistic multiple access scheme, which the use of the spectrum for NR system access is opportunistic and to share with other systems and applications, such as WiFi, cordless phone link, and medical communication. The opportunistic multiple access scheme poses severe challenges to the system design and UE complexity since the NR network access are only available when the unlicensed spectrum is free and not used by other system and applications.   
Several system design aspects to support NR-U operation are analyzed as follows,

· Channel access procedure
The following listen before talk (LBT) categories were identified in R13 LAA design
· Cat.1: No LBT
· Cat.2: LBT without random back-off
· Cat.3: LBT with random back-off with fixed size of contention window
· Cat. 4: LBT with random back-off with variable size of contention window
To ensure fairness with WiFi, a new LBT Cat.4 similar to WIFI random backoff mechanism was specified for LTE LAA/eLAA DL and UL channel access. Similar to 25us PIFS of WiFi, LBT Cat.2 based on a single 25us CCA was also used to enhance channel access ability for some special scenarios, e.g. DRS without PDSCH and UL transmission within maximum channel occupied time (MCOT) of eNB. Obviously, LAA/eLAA LBT scheme should be the starting point for NR-U LBT study.
Proposal 1: LAA/eLAA LBT scheme should be the starting point for NR-U LBT study.
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Figure 1: Directional LBT 
In NR, DL/UL transmission could be beamformed in order to achieve extended coverage and higher throughput through interference mitigation.  Omni-direction LBT and directional LBT can be considered to support multi-beam operation in NR unlicensed band.  As shown in Figure 1(left) when directional LBT is applied, two gNBs could transmit with beamformed signals by different operators simultaneously without any co-channel interference to each other. The severe co-channel interference would occur for simultaneous transmission when omni-direction LBT mechanism applies. Therefore, directional LBT will provide additional dimension of channel access opportunities than that of omni-direction LBT. On the other hand, directional LBT will increase the complexity in the access and impact coexistence performance. As shown in Figure 1(right), WIFI AP senses medium idle and gains access of channel first.  With directional LBT, gNB starts accessing the channel and collides with the transmission of WIFI due to undetected AP transmission. In coexistence with other incumbent RATs scenario, directional LBT should be studied further. 
Proposal 2: In coexistence with other incumbent RATs scenario, directional LBT should be studied further.

Large transmission bandwidth can be achieved via carrier aggregation or bundling of multiple 20MHz unlicensed carriers when successful LBT operation is performed at each carrier independently in LAA and WiFi.  NR supports bandwidth up to 400 MHz. The performance of NR-U and WiFi/LTE LAA coexistence needs to be further studied.  NR also supports higher frequency band up to 100 GHz. For unlicensed spectrum in 60GHz, the LBT for NR-U is a challenge with large WiFi system bandwidth.  NR standalone operation in unlicensed spectrum is a key scenario for enterprise network. In this scenario, UL LBT before SR, UL grant and PUSCH should be supported. The short-duration UL transmission will reduce the NR-U UL channel access opportunity. Therefore, LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes(e.g. CA, DC, standalone). 
Proposal 3: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes. 

· Initial Access procedure 

The UE initial access includes the detection of PSS/SSS, synchronizing with the network, retrieve the essential system information from broadcast, and performing RACH procedure for initial access to the network.   The NR system design to support UE initial access is based on periodical transmitting the PSS/SSS signals and essential system information for UE to listen and synchronize.   For the operation in the unlicensed band, the periodical transmission of the SS block might not be available at the time of scheduled transmission.  
· SS Block transmission in unlicensed spectrum and UE behaviour – The NR system design to support UE initial access is based on periodical transmitting the PSS/SSS signals and essential system information for UE to listen and synchronize.   For the operation in the unlicensed band, the periodical transmission of the SS block and RMSI might be interrupted due to no clear channel in the unlicensed band.   Since the duty cycle is 20 ms, the time for UE to detect the PSS/SSS and read the essential system information would increase if the SS block and RMSI are not persistently transmitted from gNB.  The configuration and transmission of SS block in unlicensed band need to be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.  From bandwidth aspect, SS block consists of 20PRBs out of minimum 5 MHz in SF1.   The SS block occupied bandwidth cannot meet the requirements of ETSI OCB regulation in unlicensed band, which the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. Therefore, NR cell discovery signal for NR-U needs to be investigated.  
Proposal 4: The configuration and transmission of SS block in unlicensed band should be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.

· RACH Procedures –For NR DC and standalone scenarios, there is no ideal backhaul between non-collocated Pcell and NR-U Scell. UL timing synchronization of NR-based UL access in unlicensed spectrum can only be obtained based on the unlicensed SCell. Contention-free PRACH should be supported for NR-LAA, as the gNB can schedule PRACH transmission via licensed carrier. For standalone mode, contention-based 4-step random access procedures need to be supported. RACH transmission might not at fixed timing due to the unlicensed channel availability. In NR system, the transmission time of RACH Messages and the associated control information is fixed. When the transmission time of RACH Messages varies due to the constraint of unlicensed band access with LBT, the RACH preamble detection and response would face severe challenged.   How to enhance the RA procedures for effective RACH access is critical for NR-U.  
Proposal 5: Contention-based and contention-free RA procedures should be supported on NR-U Scell and channel access ability should be enhanced.

· System Information Broadcast
The duty cycle of broadcasting the system information is designed to minimize the overhead when the radio resource is always available. When the radio resources are shared with other systems and applications, the system information broadcast system design and strategy needs to be enhanced in order for UE to receive the broadcast system information effectively in time.
Proposal 6: System information broadcast system design and strategy needs to be enhanced in order for UE to receive the broadcast system information effectively in time.

· Synchronization and Radio Link Monitoring
UE synchronizes with network based on the periodically transmission of reference signals.  When the reference signals are not transmitted periodically caused by suffering LBT, UE needs to have additional mechanism to synchronize with the network.   In the meantime, how to define the framework for the radio link monitoring in unlicensed spectrum is important.   The criteria of UE out-of-sync, beam failure, and radio link failure for the NR system operation in unlicensed band should be investigated.  
Proposal 7: The criteria of UE out-of-sync, beam failure, and radio link failure for the NR system operation in unlicensed band should be investigated.

· Network Access for IDLE and CONNECTED mode UEs
The network access procedures in unlicensed bands need to be redesigned for the access in the unlicensed spectrum.  In particular, the UE behaviour of periodical monitoring the control signals would be challenged when the periodical access control signals, such as paging, PDCCH, SR, and PUCCH, are not transmitted exactly at the configured time.  The access control procedures need to be enhanced to operate in the unlicensed band.   
· Paging for IDLE UEs – The paging procedure in NR is that IDLE UEs are configured with a paging cycle.  UE would wake up and decode the paging indication and paging message at the configured time for NR-U standalone mode.  The paging enhancement for NR system in unlicensed band is to study whether the paging system should be re-designed or new UE behaviour on the detection of paging indication and decoding of paging message should be specified.   
· DL and UL Access control – For DL access, UE is configured to monitor PDCCH periodically in NR.   UE is also configured with UL periodic scheduling request (SR) resources for UL access request or semi-static UL resource with grant free transmission.  When the resource might not be available for the transmission, it is essential to investigate the enhancement of the DL and UL control procedures for NR-based access standalone operating in unlicensed spectrum.   
· Scheduling and HARQ - The scheduled data transmission and HARQ operations are based on fixed or configured processing time in NR.   The deterministic characteristic of the fixed and configured processing time would be challenged when operating in unlicensed spectrum.   New HARQ timing and scheduling mechanism would be needed for the NR standalone operation in unlicensed band.
Proposal 8: The access control procedures need to be enhanced to operate in the unlicensed band.   

· Mobility Management
The RRM measurements and the performance requirements in unlicensed band needs to be specified since the RS signals used for RRM signals might not have sufficient density when some of the periodic RS signals could not transmit due to unclear channel for access. The UE mobility management relies on the UE autonomous detection of neighboring cells and RRM measurements. When the SS blocks of neighboring cells might not transmitted periodically at the specified time, UE needs to increase the cell search window and the cell detection mechanism.   The mobility management needs to be investigated.   
Proposal 9: The mobility management needs to be investigated for NR-U.
Conclusion
In this contribution, we discussed the physical layer procedure for NR unlicensed bands.  The above discussion is summarized with following observations and proposals:
Proposal 1: LAA/eLAA LBT scheme should be the starting point for NR-U LBT study.
Proposal 2: In coexistence with other incumbent RATs scenario, directional LBT should be studied further.
Proposal 3: LBT scheme of NR-U should be enhanced from that of LAA/eLAA for the co-existence with legacy LTE LAA/eLAA and WiFi systems (802.11n/ac/xad/ay) in different unlicensed bands and different operating modes. 
[bookmark: _GoBack]Proposal 4: The configuration and transmission of SS block in unlicensed band should be enhanced in order for UE to effectively detect the PSS/SSS and to access the system information.
Proposal 5: Contention-based and contention-free RA procedures should be supported on NR-U Scell and channel access ability should be enhanced.
Proposal 6: System information broadcast system design and strategy needs to be enhanced in order for UE to receive the broadcast system information effectively in time.
Proposal 7: The criteria of UE out-of-sync, beam failure, and radio link failure for the NR system operation in unlicensed band should be investigated.
Proposal 8: The access control procedures need to be enhanced to operate in the unlicensed band.
Proposal 9: The mobility management needs to be investigated for NR-U.
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