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Introduction
Compliance with regulatory requirements for a fair channel access and better coexistence with other incumbent technologies is of high importance for NR operation in unlicensed spectrum. The goal of NR-Unlicensed is to coexistence within NR-based and between LTE-based LAA and other incumbent RATs in accordance with regulatory requirements in the corresponding bands. 
In RAN1#93 meeting [1], the following agreements related to channel access and coexistence were reached:
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement: 
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

Considering above agreements, this contribution addresses some aspects related to channel access and coexistence of NR-unlicensed (NR-U) devices. 
LBT Mechanisms  
In an unlicensed band, NR-U devices and inter-RAT devices have to share the spectrum in a fair way. Listen-before-talk mechanism attempts to ensure a fair sharing of the spectrum among multiple RATs. The LTE-based LAA releases have adopted a set of LBT categories and according to RAN1#93 agreements [1], these rules are now the baseline for NR-U operation in 5GHz and 6GHz unlicensed spectrum. However, updates to the LAA LBT mechanisms are not precluded and we believe there are possibilities for enhanced channel access and coexistence.
LBT Category-1/2 and coexistence
Listen-before-talk (LBT) has proven to be an effective mechanism for operation in unlicensed bands. However, LBT inherently has overhead and when the number of competing devices in an unlicensed channel increase the LBT becomes inefficient, particularly the LBT categories with exponential backoff. Thankfully, regulatory bodies, such as ETSI, have considered cases where a device may perform no LBT or perform a high priority LBT in order to access the unlicensed channel. 

For instance, the no-LBT category (i.e. LBT Cat-1) is permitted per regulation and has been indicated as beneficial for supporting fast ACK/NACK feedback in the latest RAN1#93 agreements [1]. The restriction is that the responding device should transmit within 16µs after the end of the transmission of the first device. So in the case of NR-U operation, if a gNB is engaged in downlink transmission, one or more UE may transmit without LBT only if their transmission starts no later than 16µs after the end of the downlink. Rival technologies, such as WiFi technologies based on various 802.11 amendments, use this regulatory permit and e.g. a device would transmit acknowledgment frame within 16µs after the end of the transmission of the other device. From competition perspective, it is only fair if NR-U also uses no-LBT transmission per this regulatory allowance.

It is also vital to consider limitations of above no-LBT rule. It is expected that in an exchange between two devices operating in an unlicensed channel, a responding device uses such no-LBT rule only for short transmission. Therefore, in the case of NR-U operation, if a gNB is engaged in downlink transmission, a response from a UE, within 16µs after the end of the downlink, should be a short response such as a PUCCH transmission (containing ACK/NACK, SR, or any other short control content). Otherwise, a long response such as transmission of a TB in a PUSCH, might cause interference to any transmission at the vicinity of the UE (that likely has been hidden to gNB). Therefore, we believe that NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps no longer than 16µs.  
Similar to gaps ≤16µs, DL to UL (or UL to DL) gaps of more than 16µs but less than 25µs has been given special LBT category by regulatory bodies such as ETSI. According to such rules, a responding device may transmit after the end of the transmission of the first device if LBT over the gap succeeds. Such regulatory permit can also be used, in the case of NR-U operation, after e.g. gNB downlink transmission, where a UE can send short response such as a PUCCH transmission (containing ACK/NACK, SR, or any other short control content). We believe similar caution should be exercised by the responding device and to avoid long transmission that could potentially cause interference to any ongoing transmission at the vicinity of the UE (that likely has been hidden to gNB).
Proposal 1: NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps no longer than 16µs and with LBT Cat-1 for gaps no longer than 25µs at least for transmission of PUCCH or PRACH.
Wideband LBT 
In 5GHz unlicensed band, one or multiple of 20MHz channels can be aggregated for transmission. Since NR supports wider bandwidth, NR-U operation may have aggregated bandwidth of multiple of 20MHz. The 6GHz unlicensed spectrum may follow a similar channelization as in 5GHz. NR-U operation wider than 20MHz would require performing LBT in each of the 20MHz channels. There are various alternatives in performing LBT across multiple 20MHz channels, and whether the multiple channels are contiguous or not affects the ways LBT can be performed. 
For instance, in WiFi technology based on 802.11n amendment two 20MHz channel can be aggregated, and based on 802.11ac amendment two, four or eight 20MHz channels can be aggregated. The aggregated channel are contiguous. And the LBT procedure is a nested procedure where a main set of channels, denoted as primary channels, should complete a successful LBT otherwise the whole aggregated channel is considered unavailable. Most of the reasons for contiguous channels and the specific wideband LBT is due to operation of 802.11 devices and they are not rooted in any regulatory rule. 
Therefore, for NR-U unlicensed operation the aggregated 20MHz channels can be non-contiguous and the wideband LBT procedure need not have a nested structure. We propose to investigate various alternatives for wideband LBT in NR-U operation. 
Proposal 2: For NR-U the aggregated 20MHz channels can be non-contiguous and the wideband LBT procedure need not have a nested structure. 
While higher channel access efficiency is the main goal, channel access fairness and robustness should equally be of importance in performing sub-band LBT. Therefore, we propose to investigate the feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
Proposal 3: The feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
LBT for multi-user UL transmission
In LTE-LAA, an eNB may schedule UL transmissions for a UE in unlicensed band. The UE may access the channel by performing UL channel access procedure. Two types of UL channel access procedures are supported [2]: Type 1 UL channel access procedure (LBT with random back off): After sensing the channel to be idle during a defer duration Td, a random back off with a contention window of variable size is performed, and Type 2 UL channel access procedure (LBT without random back-off): The UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval Tshort_UL=25µs.
With Type 1 UL channel access procedure, single UL transmission (per bandwidth-part) is a natural choice and multi-user UL transmissions multiplexed in frequency is hard to implement since a UE may defer transmitting once it senses a sufficient energy level over the air. This means at each time, only one UE may be able to transmit to the gNB. With type 2 UL channel access procedure, concurrent UL transmission multiplexed in frequency may be possible if multiple UEs transmit 25µs after sensing the channel to be idle. 
Multi-user scheduling in UL can provide more flexible channel access and improves the spectrum efficiency. 
In fact the latest 802.11 amendment takes advantage of an approach similar to Type 2 where multiple devices start transmission, either on the entire band (in the case of UL MU-MIMO) or on sub-bands (in the case of UL OFDMA), within a short gap after the end of a trigger frame.
Considering above discussion, we propose to investigate whether to support multi-user UL transmission in NR-U operation and to update the attributes of LBT mechanisms accordingly.
Proposal 4: NR-U should investigate the possibility of supporting multi-user transmission in UL and the associated LBT mechanism.
NR-U Coexistence 
In RAN1#93 NR-U agreements [1], it was highlighted to study mechanisms beyond the baseline LBT to possibly enhance the overall channel access performance. One of the methods mentioned is receiver assisted LBT such as RTS/CTS type mechanism and preamble detection.
During unlicensed channel access, there would be competing wireless devices, such as LAA or WiFi devices, attempting to access the same channel. Once an NR-U gNB accesses the channel after a successful LBT procedure, the gNB can transmit several NR slots up to the MCOT duration. During this period, a gNB can send the DL data via the PDSCH to UEs or schedule UL data via the PUSCH for UEs. However, due to the LBT requirement, there is no guarantee that a UE can make a use of a scheduled PUSCH resource, and it is not guaranteed that a UE can send the corresponding HARQ feedback for a received transport block (TB). This is because the UE should perform LBT at its side before transmitting any signal. Due to this situation, it would be best if the gNB acquires some knowledge of the conditions of the channel activity surrounding the UEs before engaging in the DL data transmission or scheduling an UL data transmission.  
Above-stated uncertainty in unlicensed channel operation is not limited to a specific technology and happens in e.g. 802.11 deployments. Because of this a basic handshaking mechanism among 802.11 devices, referred to as RTS/CTS, has been in place for a while and it is proven that when channel usage is high it is best to turn it on to avoid possible collisions due to hidden devices etc. We believe that NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs. The handshaking between a gNB and one or multiple UEs may happen at the beginning of a COT and may be repeated with the same of other UEs afterwards with the COT.

The benefits of such handshaking are multifold: 
a) A gNB may start the handshaking process with a UE to gather the knowledge of availability of the unlicensed channel at the UE side. After the handshaking, if an LBT process is completed successfully at the UE side, the gNB would know the availability of the unlicensed channel at UE side. This is helpful in UL transmission situation, where the gNB plans for an upcoming PUSCH scheduling. 
b) A gNB may start the handshaking process with a UE to ensure low or no interference at the UE side, e.g. for DL transmission where it’d help the gNB to schedule for the DL transmission with the condition of the UE in mind. This is important particularly due to variable level of interference in an unlicensed channel due to other concurrent transmissions in the surrounding of a UE. For instance, a concurrent transmission may have the RSSI lower than the LBT threshold, yet it’d affect the choice of modulation and coding rate that the gNB selects for the PDSCH.  
Proposal 5: NR should study ways to perform handshaking between NR-U gNB and UEs to enhance coexistence and channel access efficiency. 
An example of such receiver-assisted LBT mechanism is shown in Figure 1, where the handshaking starts right after completion of an LBT process successfully by a gNB. However, the same or a similar handshaking may happen within a COT between the gNB and the same or other UEs. The handshaking starts with the gNB sending a request to the UE or set of UEs. And after a possible scheduled suspension of transmission by the gNB (e.g. X symbols), the intended UE(s) that happen to complete an LBT process successfully respond to the gNB. 


Figure 1: An example of handshaking between a gNB and UE(s)
The benefits of a handshaking may be extended beyond a pair of gNB/UE, and it would be helpful if competing NR-U devices that happen to be within the vicinity (and operate in a portion or all of the same unlicensed channel) to gain knowledge of the ongoing transmission. Such handshaking enhances intra-RAT coexistence and e.g. allows the NR-U devices to gain knowledge of the channel use by a competing NR-U device and to defer accordingly. 
Such intra-RAT coexistence is not new in operation of devices that belong to the same technology in an unlicensed band. Taking the same example of RTS/CTS in 802.11, the exchange of RTS and CTS between two pairs of 802.11 devices not only ensures the transmitter device about the channel availability at the receiver device, it’d also let other 802.11 devices know about this presence and duration of frame exchange between the two devices (which is helpful for those devices that belong to the same 802.11 network as well as those that do not belong to the same network). For NR-U operation, it certainly helps that other competing gNBs that may belong to another operator (and operate on part or all of the same channel) to become aware of e.g. COT occurrence and its duration etc.      
Above-described coexistence can be upgraded to cooperation between one set of NR-U gNB/UEs and another set of NR-U gNB/UEs that both happen to belong to the same operator or entity. 
Considering the possibility of deployments where large number of the competing devices within an unlicensed channel are NR-U devices, we propose that NR should study the possibility of channel usage information exchange among competing NR-U devices to enhance channel access efficiency.
Proposal 6: NR-U should study the possibility of channel usage information exchange among competing devices to enhance channel access efficiency. 
Effect of timing advance variation 
It is understood that UEs generally have varying timing advance (wrt to own and neighbouring gNBs) and this might affect the coexistence benefits of channel status report carried in a PUCCH. Considering the small-cell use case of NR-U (e.g. indoor or outdoor hotspots), the variations of timing advances among UEs is much more limited compared to the outdoor NR deployments, after all the variation of the timing advance among UEs (or for one UE wrt to own and neighbouring gNBs) is due to large variation in distance which is limited in NR-U use cases. For instance, an increment/decrement in timing advance value corresponds to ±0.56µs change in timing advance which corresponds to about ±78 meters change in distance to the gNB. This means that almost all UEs within vicinity of 78 meters have the same timing advance. Considering typical deployments (e.g. malls, offices, indoor/outdoor hotspots) of similar technologies (e.g. WiFi and LAA), and considering the maximum power limitation on the unlicensed bands, within a distance of about 78 meters there could be a few same-operator gNBs, indicating that the UEs’ timing advance for own gNB and neighbouring gNB would either be the same value or differ by one increment (i.e. ±0.56µs).
Observation 1: Considering potential typical NR-U deployments and the maximum power limit in unlicensed bands, same-operator gNBs would be deployed in the proximity that UEs’ timing advance for own or neighbouring gNBs would either be the same or with limited variation. 
Acquisition enhancements 
Channel status and channel usage information exchanged between a pair of gNB and UE can be most useful if other inter-RAT devices, whether belonging to the same or different operator, can also detect them and act cooperatively. Such inference of channel status/usage information by unintended inter-RAT devices in fact is used among 802.11 devices. However, this is possible in 802.11 thanks to presence of preamble at the beginning of every frame that an 802.11 device transmits, making acquisition at the any nearby 802.11 device possible. 3GPP technologies, such as LTE and NR, are synchronous and do not 802.11-like preamble have. However, it is feasible to consider presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information. Therefore, we suggest NR-U to study the feasibility of presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information.
Proposal 7: NR-U should study the feasibility of presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information.     
Summary
This contribution discussed some details regarding the NR-Unlicensed frame structure changes due to LBT, possible alteration on an LBT interval, and gNB/UE medium sharing. In the following, above-discussed proposals are listed:   
Proposal 1: NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps no longer than 16µs and with LBT Cat-1 for gaps no longer than 25µs at least for transmission of PUCCH or PRACH.
Proposal 2: For NR-U the aggregated 20MHz channels can be non-contiguous and the wideband LBT procedure need not have a nested structure. 
Proposal 3: The feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
Proposal 4: NR-U should investigate the possibility of supporting multi-user transmission in UL and the associated LBT mechanism.
Proposal 5: NR should study ways to perform handshaking between NR-U gNB and UEs to enhance coexistence and channel access efficiency. 
Proposal 6: NR-U should study the possibility of channel usage information exchange among competing devices to enhance channel access efficiency. 
[bookmark: _GoBack]Proposal 7: NR-U should study the feasibility of presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information.     
References
[1] [bookmark: _Ref513201801][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref510687332]Chairman’s notes, 3GPP TSG RAN WG1#93, Busan, Korea, May 21st – 25th 2018
[2] 3GPP TS 36.213 V14.5.0, E UTRA Physical layer procedures



image1.emf
Slot

Mini-Slot

COT

LBT

PDCCH

Mini-Slot

X symbols

Request sent by gNB

Response sent by UE(s)

DL UL X


Microsoft_Visio_Drawing.vsdx
Slot
Mini-Slot









COT

LBT





PDCCH

Mini-Slot
X symbols




Request sent by gNB

Response sent by UE(s)
DL
UL
X




 


 


3GPP TSG RAN WG1 


Meeting #94


 


 


 


 


 


 


 


 


    


R1


-


1809089


 


Gothenburg, Sweden, Aug 20


th


 


�


 


24


th


, 2018


 


 


Agenda Item:


 


7


.


2.2


.


4.1


 


Source:


 


InterDigital


 


Inc.


 


Title:


 


Channel access procedure and 


coexistence in NR


-


U


 


Document for:


 


Discussion


 


and Decision


 


1


 


Introduction


 


C


ompliance with regulatory requirements for a fair channel access and 


better 


coexistence with other incumbent 


technologies is of high importance for NR operation in unlicensed spectrum. The 


goal of 


NR


-


Unlicensed 


is to 


coexistence within NR


-


based and between LTE


-


based LAA and other incumbent RATs in accordance with 


regulatory requir


ements in the corresponding bands. 


 


In RAN1#9


3


 


meeting [


1


], the following agreements 


related to channel access and coexistence 


were 


reached:


 


Agreement:


 


·


 


LTE


-


LAA channel access mechanism is adopted as baseline for 5GHz 


 


o


 


Further enhancements not precluded 


 


·


 


LTE


-


LAA channel access mechanism is adopted as starting point of the design for 6GHz 


 


o


 


Further enhancements not precluded 


 


·


 


For 5GHz band, a no


-


LBT option is beneficial for NR


-


U, such as for supporting fast A/N feedback, 


and is permitted per regulation. 


 


o


 


Res


trictions/conditions on when no


-


LBT option can be used will be further identified, e.g., 


in consideration of fair coexistence. 


 


·


 


No


-


LBT option can be applied to 6GHz band if allowed by regulation


 


o


 


Restrictions/conditions on when no


-


LBT option can be used wil


l be further identified, if fair 


coexistence criterion is defined for 6GHz band


 


Note: Channel access mechanisms need to comply with regulations and may therefore need to be 


adapted for particular frequency ranges.


 


 


Agreement:


 


·


 


Single and multiple DL to UL a


nd UL to DL switching within a shared gNB COT is identified to be 


beneficial and can be supported


 


·


 


LBT requirements to support single or multiple switching points, include


 


o


 


For gap of less than 16us: no


-


LBT can be used 


 


§


 


Restrictions/conditions on when no


-


LBT


 


option can be used will be further 


identified, in consideration of fair coexistence. 


 


o


 


For gap of above 16us but does not exceed 25us: one


-


shot LBT can be used 


 


§


 


Restrictions/conditions on when one


-


shot LBT option can be used will be 


further identified, in 


consideration of fair coexistence. 


 


o


 


For single switching point, for the gap from DL transmission to UL transmission 


exceeds 25us: one


-


shot LBT is used 


 


§


 


Further study needed on how many one


-


shot LBT attempts is allowed for 


granted UL transmission 


 


FFS: For 


multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one


-


shot LBT is used. Regulations for this option.


 


 




    3GPP TSG RAN WG1  Meeting #94                      R1 - 1809089   Gothenburg, Sweden, Aug 20 th   –   24 th , 2018     Agenda Item:   7 . 2.2 . 4.1   Source:   InterDigital   Inc.   Title:   Channel access procedure and  coexistence in NR - U   Document for:   Discussion   and Decision   1   Introduction   C ompliance with regulatory requirements for a fair channel access and  better  coexistence with other incumbent  technologies is of high importance for NR operation in unlicensed spectrum. The  goal of  NR - Unlicensed  is to  coexistence within NR - based and between LTE - based LAA and other incumbent RATs in accordance with  regulatory requir ements in the corresponding bands.    In RAN1#9 3   meeting [ 1 ], the following agreements  related to channel access and coexistence  were  reached:   Agreement:      LTE - LAA channel access mechanism is adopted as baseline for 5GHz    o   Further enhancements not precluded       LTE - LAA channel access mechanism is adopted as starting point of the design for 6GHz    o   Further enhancements not precluded       For 5GHz band, a no - LBT option is beneficial for NR - U, such as for supporting fast A/N feedback,  and is permitted per regulation.    o   Res trictions/conditions on when no - LBT option can be used will be further identified, e.g.,  in consideration of fair coexistence.       No - LBT option can be applied to 6GHz band if allowed by regulation   o   Restrictions/conditions on when no - LBT option can be used wil l be further identified, if fair  coexistence criterion is defined for 6GHz band   Note: Channel access mechanisms need to comply with regulations and may therefore need to be  adapted for particular frequency ranges.     Agreement:      Single and multiple DL to UL a nd UL to DL switching within a shared gNB COT is identified to be  beneficial and can be supported      LBT requirements to support single or multiple switching points, include   o   For gap of less than 16us: no - LBT can be used       Restrictions/conditions on when no - LBT   option can be used will be further  identified, in consideration of fair coexistence.    o   For gap of above 16us but does not exceed 25us: one - shot LBT can be used       Restrictions/conditions on when one - shot LBT option can be used will be  further identified, in  consideration of fair coexistence.    o   For single switching point, for the gap from DL transmission to UL transmission  exceeds 25us: one - shot LBT is used       Further study needed on how many one - shot LBT attempts is allowed for  granted UL transmission    FFS: For  multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one - shot LBT is used. Regulations for this option.    

