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Introduction 
In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of initial access signals and channels for unlicensed operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:

	Physical layer procedure(s) including [RAN1, RAN2]:
- For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.
- For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.



In this context, the following agreements related to channel access mechanism were made during the related study item (SI), and during the previous RAN1 meetings [3-5]: 
	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:  
In addition to aspects considered in LTE LAA, CWS (Contention Window Size) adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation


Agreement:
· For initiation of a COT by the UE, following LBT schemes are used 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	UL
	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	
	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	
	RACH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	
	PUCCH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value



Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of an LBT scheme other than Cat 4 for the following signals / channels have been discussed. 
· UL control information including UCI only on PUSCH, e.g.: 
· HARQ-ACK
· Scheduling Request
· Channel State Information
· Random Access
· Further discuss the aspects related to Note 2 in the work item

Agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following.
· Ability to use frequency reuse factor 1
· Lower complexity for channel access due to lack of necessity to perform random backoff
· FFS requirement of synchronization accuracy
· FFS specification impact
· Note: This does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation
Note: FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design

Agreement:
Capture the following in the TR:
For FBE:
· gNB acquires COT with Cat2 immediately prior to the fixed frame period
· within the gNB acquired COT, if a gap is <= 16 us, Cat 1 can be used by the gNB and associated UEs
· within the gNB acquired COT, if a gap is > 16 us, Cat 2 should be used by the gNB and associated UEs
· Note: This is intended to be aligned with any regulations for FBE operation

Agreement (during #AH 1901 [3]): 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs

Agreement (during #RAN1 96 [4]):
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement (during #RAN1 96 [4]):
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement (during #RAN1 96b [5]):
The following agreement from the SI is updated as shown:
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms
Cat4 with any channel access priority class value can be used 

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



Agreement (during #RAN1 96b [5]):
For a UCI-only transmission on PUSCH in a channel occupancy initiated by the UE, Cat4 with lowest channel access priority class value can be used by the UE

Agreement (during #RAN1 96b [5]):
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less


In this contribution, the following aspects related to the channel access mechanism are addressed:	
· Further clarifications for 16us Cat2 LBT and Cat1 LBT for an UL burst in a gNB initiated COT
· Details related to MCOT sharing between gNB and UE, and vice versa
· CWS adjustment procedure for both DL and UL, including some related details (e.g., definition of reference burst, and timing between reference burst and scheduling request/feedback information) to handle both TB-based and CBG-based HARQ-ACK operation, as well as standalone and wideband operation
· Beamformed transmissions and Directional LBT 
· LBT Mechanisms facilitating spatial reuse/interference mitigation
· Receiver Assisted LBE
· Channel access details for the FBE design
Shared COT 
In order to maximize channel usage, it is of interest to allow sharing from either a UE or a gNB of their COT in case this is not fully utilized.  
In IEEE 802.11ac, Wi-Fi devices can have a DL Multiuser (MU) packet, denoted as VHT MU PPDU below, with either immediate acknowledgement (i.e. Block Ack, or BA, (32 bytes) or Ack (14 bytes) after VHT MU PPDU) or no immediate acknowledgement (i.e. Block Ack Request, or BAR, after VHT MU PPDU), as shows in the Figures 1 and 2 [7], respectively.  In both Figures below, 5 switching points occur within a shared COT from an AP. However, in general, defining N to be the maximum number of users, IEEE 802.11ac allows 2*N-1 switching points, where N is equal to 4.  What is important to note is that the duration of the Ack/BA frames are short in duration (44 and 68 us, respectively) and the interference they cause to other nodes may be very limited.  Note that there is no Uplink Multiuser MIMO in 802.11ac. 
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Figure 1 – 802.11ac Downlink Multiuser Sequence with Immediate Ack
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Figure 2– 802.11ac Downlink Multiuser Sequence without Immediate Ack

In IEEE 802.11ax, Uplink MU-MIMO as well as Uplink and Downlink OFDMA are introduced, and the maximum number of users in DL MU-MIMO is increased up to 8.   In IEEE 802.11ax, Uplink OFDMA improves the medium usage of the Acks so that the TXOP has at least a single switching point, as shown in Figure 3 [8]. This is similar to having an UL transmission following a DL transmission in a gNB acquired COT.  
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Figure 3 – 802.11ax Downlink Multiuser Sequence with Aggregated Block Acks
Furthermore, in IEEE 802.11ax, an uplink MU transmission, with maximum packet duration of 5.484ms, is preceded by a trigger frame so that the MCOT has at least 2 switching points, as shown in Figure 4. To draw a parallel with NR-U, this is similar to have an UL burst following a DL transmission in the gNB acquired COT.  Though not shown in Figure 4, after the AP captures the medium, Wi-Fi STAs that have been given permission to transmit an UL MIMO by an AP’s Trigger frame may be required to perform additional sensing of the medium during the SIFS duration before transmission occurs. Note that the maximum UL MIMO (i.e. HE TB PPDU) duration, which is allowed without performing additional channel sensing, is 584us.   Therefore, for a gap duration of 16us, and UL bursts within a gNB initiated COT with duration less than 584us, CAT1 LBT should be used.  If UL burst is greater than or equal to 584us, CAT2 LBT is used and indicated by gNB through DCI.  If CAT2 LBT is indicated, energy detect mechanism should be performed during any 9us slot in the SIFS interval. 
Proposal 1: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap duration equal to 16us, if UL burst duration is less than 584us, then CAT1 LBT is used.  If UL burst duration is greater than or equal to 584us, Cat2 LBT is used and indicated by gNB through DCI. 
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Figure 4 – 802.11ax Uplink Multiuser Sequence with Aggregated Block Acks
 
In IEEE 802.11ax, the concept of MU cascading has been introduced as well, where multiple switching points are allowed in a single MCOT.  The frames contained therein are either control, data, or management frames in both UL and DL directions.  Please see an example exchange in Figure 5. The MU cascading sequence may have a different set of transmitters in high-efficiency (HE) TB PPDUs, as compared to the receivers of the HE MU PPDU that immediately follows the HE TB PPDUs within the same TXOP. The MU cascading sequence may have a different set of receivers in the HE MU PPDU, as compared to the set of transmitters of HE TB PPDUs that immediately follow the HE MU PPDU within the same TXOP. Note that if the AP does not receive immediate response from any of the STAs, then the AP follows standard enhanced distributed channel access (ECDA) backoff procedure.
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Figure 5 – An example of cascading 802.11ax Multiuser Sequence

Given the procedure followed by IEEE 802.11ac, and IEEE 802.11ax, which are described above, and with the scope of mimicking their behaviour, while maintaining far co-existence with these technologies, in NR-U the acquired COT should be allowed to be shared, and multiple switching points should be supported. 
Proposal 2: COT with multiple switching points is supported and LBT conditions for these switching points should be further studied.  
LBT for Wideband Operation
In LTE LAA, multi-carrier operation is supported for DL, and following the ETSI BRAN guidelines [6] two types of LBT procedure were agreed:
· Type A - the eNB performs channel access on each carrier by performing Cat-4 LBT. 
· Type B - the eNB selects a single carrier, namely primary channel, which can be either uniformly picked across all carriers or selected. In either cases, the eNB cannot change the primary channel more than once every second. The eNB can sense other carriers with Cat-2 LBT only if the eNB completes the Cat-4 LBT for the primary channel. 
While the aforementioned LBT procedures were defined in LTE LAA for DL only, they can be reused as baseline for NR-U for both UL and DL when wideband operation is enabled, and they can be applied per bandwidth part (BWP). Considering that RAN1 is still discussing the operation of UL wideband operation, wideband LBT mechanisms for UL can be left for further study.
Proposal 3: The wideband LBT mechanisms from LAA can form the baseline for NR-U in DL. UL Wideband LBT mechanisms are FFS.

CWS Adjustment Procedure 
During Rel. 13/14/15, a great effort was devoted in designing a contention window size (CWS) adjustment mechanism for both DL and UL (for either scheduled or grant-free UL transmissions), which is in par with other incumbent technologies. For either DL or UL, the LTE LAA CWS adjustment procedure is performed based on the HARQ-ACK feedback related to a reference subframe (SF), which is defined as:
1. DL: the reference SF is the first DL SF of the latest DL data burst for which HARQ-ACK feedback is available.
2. UL: the reference SF set is the first SF with UL-SCH that was transmitted at least 4 ms prior to the UL grant reception in the most recent transmitted burst of contiguous SF that is transmitted after performing a category 4 LBT procedure is defined as the reference SF.
Considering that NR-U needs to fairly coexist with all the incumbent technologies, including LAA, and great effort was already spent during previous WIs for LAA to define a CWS adjustment mechanism, it is advisable to reuse the LTE LAA CWS adjustment mechanism as a baseline. However, some modifications are needed since for NR-U together with TB-based transmissions, CBG-based re-transmissions can be also configured. Furthermore, the concept of SF has been replaced with the concept of slot, whose length depends on the subcarrier spacing (SS):  the duration of the slot is 1 ms, 500 us, 250 us, for 15 kHz, 30 kHz, and 60 kHz, respectively.
Reference Burst
In order to mimic the LTE LAA mechanism, the concept of reference burst can be introduced. Similarly as LAA, since the initial part of the burst is that which may be more impacted by interference from other nodes, the reference burst is counted from the beginning of the latest DL or UL burst for which HARQ-ACK feedback or an UL grant is available. Given the flexibility of NR-U, and in order to maintain coexistence with LAA, and capture within the reference burst the same amount of interference that is captured in LTE within a reference SF, the reference burst is one slot long, which for 15 KHz would coincide with the definition of reference SF in LTE LAA design. In case either the latest DL or the UL burst for which HARQ-ACK feedback or an UL grant is available starts within a slot, creating a so called partial slot, and the burst prolongs further, the reference burst includes both the partial slot and the following slot. In case the latest DL or UL burst for which HARQ-ACK feedback or an UL grant is available is only composed by a partial burst, the reference burst only contains that partial burst. An illustration of this concept is provided in Figure 6, which depicts the DL reference burst in two cases: i) case A: the latest DL burst for which HARQ-ACK feedback is available starts at the slot boundary, and the reference burst is constituted by the first slot; ii) case B:  the latest DL burst for which HARQ-ACK feedback is available starts within a slot, and the reference burst is constituted by the first partial slot plus the following slot.
Proposal 4: The reference burst is defined as the first slot of the latest DL or UL burst for which HARQ-ACK feedback or an UL grant is available.
Proposal 5: If the latest DL or the UL burst for which HARQ-ACK feedback or an UL grant is available starts with a partial slot:
· and if this burst prolongs further, the reference burst includes both the partial slot and the following slot;
· and if this burst is only composed by a partial slot, the reference burst only includes the partial slot.
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Figure 6 – Illustration of the concept of DL reference burst. 

In the context of the reference burst, it is also important to define the minimum time N between the beginning of UL reference burst, and the beginning of the CORESET containing the following UL grant or a DFI DCI in case the configured-grant (CG) UL transmission is configured, which is illustrated in Figure 7.  In LTE LAA, the minimum time between the beginning of reference SF and the beginning of the following UL grant or DFI-DCI is fixed and related to the processing time for PUSCH decoding, which was established to be 4 ms. Under the consideration that NR operates based on a symbol level processing time, and SS may be configured among a set of choices, in NR-U the minimum time N between the start of an UL reference burst and the last symbol of the CORESET containing the following UL grant or a DFI-DCI could be configured.  
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Figure 7 – Illustration of timing between an UL reference burst and the following COSESET containing UL grant or DFI DCI.

Proposal 6: A reference burst starts at least N symbols prior to the end of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 

 4. 2 Handling of CBG-Based Transmissions
As mentioned at the beginning of this section, in NR-U CBG-based re-transmissions may be configured. However, the LTE LAA CWS adjustment mechanism was designed to account only for TB-based transmissions.  In particular, for DL the CWS procedure consists of the following 2 steps:


1)	for every priority class set 




2)	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference SF are determined as NACK, increase  for every priority class to the next higher allowed value and remain in step 2; otherwise, go to step 1.
While this LTE LAA procedure can be reused in NR-U when either CBG-based or TB-based re-transmissions are configured, the way how Z is determined must be changed to account for CBG-based HARQ-ACK feedbacks. In fact, if per-CBG retransmission is configured, feedback is provided per CBG and the CBG information is encoded in the CBG transmission information (CBGTI), which contains 0, 2, 4, 6, or 8 bits for both DL and UL. This bitmap, with one bit per CBG is fed back instead of a single bit representing the whole transport block (TB).  
Along the ETSI BRAN [6], the following rules on how to adjust the CWS are provided:
“An Initiating Device shall operate at least one and no more than four different Channel Access Engines each with a different Priority Class as defined in clause 4.2.7.3.2.4:
1. The Channel Access Engine shall set CW to CWmin.
1. The Channel Access Engine shall select a random number q from a uniform distribution over the range 0 to CW. Note 2 in table 7 defines an alternative range for q when the previous or next Channel Occupancy Time is greater than the maximum Channel Occupancy Time specified in table 7.
      ……
1. When the Channel Occupancy has completed, and it has been confirmed that at least one transmission that started at the beginning of the Channel Occupancy was successful, the Initiating Device proceeds with step 1) otherwise the Initiating Device proceeds with step 8).
The Initiating Device may retransmit. If the Initiating Device does not retransmit the Channel Access Engine shall discard all data packets associated with the unsuccessful Channel Occupancy and the Channel Access Engine shall proceed with step 1). Otherwise, the Channel Access Engine shall adjust CW to ((CW + 1) × m) - 1 with m ≥ 2. If the adjusted value of CW is greater than CWmax the Channel Access Engine may set CW equal to CWmax. The Channel Access Engine shall proceed with step 2). “
According to this set of rules, the ETSI BRAN mandates that if at least one “transmission” that started at the beginning of the channel occupancy time was successful, the Initiating Device may reset the contention window. However, it is important to remark that the ETSI BRAN does not provide any clear guidance on how to interpret the term “transmission”, and therefore to reduce any possible risk of non-compliance, it is advisable to be cautious and conservative in the interpretation of the regulatory requirements.  In LAA Rel. 13, the term “transmission” was mapped to the concept of TB transmission, and the CWS adjustment was tailored based on this assumption. For an NR-U system, CBG based transmissions may be enabled, however a CBG can be only seen as a portion or part of a TB, and cannot be interpreted as a transmission unit.
With this in mind, even if CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of the TB is NACK’ed, similarly as in LTE LAA.
Proposal 7: If CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of the TB is NACK’ed.

Assuming that some UEs may be configured with CBG-based transmissions, while others may perform TB-based transmissions in the same reference burst, and in this case the percentage of NACKs Z should be handled jointly. In this matter, Z can be evaluated as follows:
Z = (u*NADLCBG + (1-u)*NADLTB) / (u*NDLCBG + (1-u)*NDLTB)      (2)
where 
· NADLCBG is the number of NACKs that are counted within the reference burst for the CBG-based transmissions, where a NACK is counted if at least one of the currently transmitted CBGs of the TB is NACK’ed;
· NADLTB is the number of NACKs that are counted per TB within the reference burst for the TB-based transmissions;
·  NDLCBG is the total number of feedbacks (counted per TB) for the CBG-based transmissions performed in the DL reference burst; 
· NDLTB is the total number of feedbacks for the TB-based transmissions performed in the DL reference burst. 
The value u can have values between 0 and 1, which can be configured based on the configuration or can be chosen as a fixed value.
Note that equation (2) is generic, flexible, and backwards compatible with the LTE LAA behaviour: in fact if u=0, then only TB-based transmissions are counted toward the CWS adjustment in the same way as in LTE LAA. If u=1/2, CWS update is based on ACK/NACKs of transport blocks by putting same weight to both CBG based transmissions and TB based transmissions. Also note, that (2) can be applied whether gNB shares the COT or not.  
If the gNB shares the COT, and there is no PDSCH transmission, the formula above applies using the UL data burst instead of the DL data burst.
Proposal 8: For NR-U the DL CWS adjustment procedure from LTE is reused. However, the adjustment metric Z is evaluated as
Z = (u*NADLCBG + (1-u)*NADLTB) / (u*NDLCBG + (1-u)*NDLTB)
where NADLCBG is the number of NACKs that are counted within the reference burst for the CBG-based transmissions, where a NACK is counted if at least one of the currently transmitted CBGs of the TB is NACK’ed; NADLTB is the number of NACKs that are counted per TB within the reference burst for the TB-based transmissions; NDLCBG is the total number of feedbacks (counted per TB) for the CBG-based transmissions performed in the DL reference burst; and NDLTB is the total number of feedbacks for the TB-based transmissions performed in the DL reference burst. The value u can instead have values between 0 and 1, which can be configured based on the configuration or can be chosen as a fixed value.

Similar to LTE LAA, for the CA deployment based on how scheduling is performed (e.g. self-scheduling or cross-carrier scheduling) the way how the ‘DTX’ feedback would be interpreted toward the CWS adjustment may be different. In particular, in the case that the PDCCH is transmitted in a separate channel, ‘DTX’ should be ignored, and when PUCCH is transmitted in the same channel, it is an indication that there may be a collision.  Thus, ‘DTX’ should be treated as a NACK.
Proposal 9: For CA deployment, if the HARQ-ACK value corresponding to a PDSCH transmission is scheduled by gNB on the same channel, ‘DTX’ is counted as a NACK.  Otherwise, it is ignored.
Now for UL in FeLAA, if a UE receives an UL grant or an AUL-DFI, the contention window size for all the priority classes is adjusted as follows:

-	If the NDI value for at least one HARQ process associated with HARQ_ID_ref is toggled, or if the HARQ-ACK value(s) for at least one of the HARQ processes associated with HARQ_ID_ref received in the earliest AUL-DFI after +3 indicates ACK. 


-	For every priority class set 


-	Otherwise, increase  for every priority class to the next higher allowed value; 
In NR-U, the general procedure described above can be reused, but it is important to consider that when CBG-based transmissions are configured, the CWS update should account for the following:
1. If a configured grant (CG)-DFI is received, and if CBG-based configuration is used, the CWS will be reset to its minimum value if all of the currently scheduled CBGs of the TB are ACK’ed. Otherwise, the CWS should be increased.
2. If an UL grant is received, and CBG-based transmissions is configured, the UE knows the status of each CBG via the CBG Transmit Information (CBGTI). If the NDI bit is not toggled (i.e. retransmission), it should consider a NACK if any of the CBGTI bits is set to 1.
Proposal 10: If CBG-based transmission is configured and AUL-DFI is received, the UL CWS will be reset to its minimum value if all of the currently transmitted CBGs of the TB are ACK’ed. Otherwise, the CWS should be increased.
Proposal 11: If CBG-based transmission is configured and UL grant is received, if any individual bits of the CBGTI is set to 1, this will be interpreted as a failure, when the NDI is not toggled (i.e. retransmission) for the same HARQ process, i.e. NACK; otherwise it is considered as successful, i.e. ACK.

4. 3 Handling of CWS Adjustment when UL Channels are Transmitted on Unlicensed Carriers

Unlike LTE LAA, several new deployment scenarios have been envisioned for NR-U, including some cases where all UL channels will be transmitted on an unlicensed carrier including PUSCH, PUCCH, and PRACH (e.g. standalone scenario and dual connectivity scenario). In this specific cases, due to the LBT failures at the UE side, it is not guaranteed that the UE’s HARQ-ACK feedback is received by the gNB before the next DL transmission. In this case, some rules may need to be defined as to how the CWS should be adjusted in absence or late reception of the HARQ-ACK feedback information. In principle, the problem described here is very similar to what is specified for the UL CWS adjustment for autonomous UL transmissions in LAA, and similar rules could be defined for DL CWS case in NR-U. For instance, a new timer can be introduced, and the following high level procedure can be used:
· When DL data is transmitted, the timer is started;
· If no HARQ-ACK feedback is received and the timer has not yet elapsed, CWS may remain unchanged; 
· If the timer elapses and no HARQ-ACK feedback is received, the CWS is increased to the next higher value; 
· If the feedback for one or more previous Cat-4 LBT DL transmission is received after the timer expired without reception of any feedback, then 
· Step 1: revert the CWS to the value used to transmit the first burst of previous Cat-4 LBT transmission(s); 
· Step 2: update the CWS sequentially in order of the transmission:
· if the feedback indicates ACK for the reference PDSCH(s) of that burst, CWS is reset;
· else (if the feedback indicates NACK or there is no feedback), the CWS is doubled.
Proposal 12: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, similar rules as that used for the UL CWS adjustment for AUL in FeLAA are adopted for the DL CWS adjustment.

In those deployment scenarios where all UL channels will be transmitted on an unlicensed carrier, it is necessary to consider whether PUCCH and PRACH should be included within the CWS adjustment mechanism or not. In both IEEE 802.11ac and IEEE 802.11ax, no CWS adjustment is done for the Block Ack frames, which are used to carry unicast ACK/NACK information, but CWS is instead adjusted for management frames such Probe Request/Probe Response Frames, which have a high resemblance with the PRACH signals in the NR design. That said, by following the behaviour of the Wi-Fi technology, no CWS adjustment is performed for PUCCH. 
Proposal 13: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, the UL CWS adjustment mechanism does not account for PUCCH transmissions.

Given that msg2 can be considered as a response to a PRACH, when a PRACH transmission occurs, the UL CWS adjustment should be updated according with the following high level procedure:
· If msg2 or msg4 for 4-step RACH or msg B for 2-step RACH are not correctly detected within the anticipated reception window, the CWS is increased to the next higher value up to the maximum value;
· Otherwise, CWS is reset.
Notice that the above mechanism alone suffers from the fact that that multiple UEs might potentially chose the same PRACH preamble, and by receiving msg2 it is not possible for the UE to determine whether this is due to the successful reception of the PRACH preamble, or whether the transmitted preamble was not received and the Msg2 is intended for another UE that has picked the same preamble. To cope with this issue, if msg2 is correctly received but msg4 is not correctly received, then the CWS value is reinstated to the value before the update by correct msg2 reception, and it is further increased to the next higher value.
Proposal 14: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, the UL CWS adjustment mechanism accounts for PRACH transmissions based on procedure described above.
While as described above the UL CWS adjustment mechanism must account for different types of transmissions, in order to simplify the UE procedure and complexity, a single CWS counter can be adopted at the UE for each priority class for all the transmission types. 
Proposal 15: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, a single CWS counter is adopted at the UE for each Cat-4 priority class for all the transmission types.
4. 4 CWS Adjustment for Wideband Operation 

In LTE LAA, multi-carrier operation is supported for DL, and following the ETSI BRAN guidelines [6] two types of LBT procedure, and their related CWS adjustment rules were agreed:
· Type A - In this case, the CWS adjustment is performed by using one of the following solutions:
· Type A1: the CWS adjustment is maintained per each carrier. Furthermore, if eNB ceases transmission over one carrier, it resumes to decrease the counter for all other carriers if the channel is idle for 4 CCA or after reinitializing the value of the counter.
· Type A2: CWS adjustment is done in a common manner and by associating the highest CWS value across carriers to all carriers. Furthermore, if eNB ceases transmission over one carrier, then the eNB reinitializes the counter for all carriers.
· Type B - In this case, the CWS adjustment is performed by using one of the following solutions:
· Type B1: the CWS adjustment is maintained for a set of carriers. In this case, the LTE LAA behavior is used with the distinction that a CWS is increased if NACK is determined in all carriers within the reference subframe.
· Type B2: CWS adjustment is maintained independently for each carrier. 
While the aforementioned CWS adjustments methods were defined in LTE LAA for DL only, they can be reused as baseline for NR-U for both UL and DL when wideband operation is enabled, and they can be applied per bandwidth part (BWP).  Considering that RAN1 is still discussing the operation of UL wideband operation, whether to down-select some of the aforementioned options for UL can be left for further study.
Proposal 16: The CWS rules defined in Rel. 13 for multi-carrier operation can be used as a baseline at least for DL wideband operation, and applied per BWP. FFS: whether to down-select some of the options for UL.

While the details for the wideband operation in NR-U are still under discussion within this WI, it is common understanding that the device operation will be characterized by two different phases when wideband operation is enabled:
· Phase 1: This is a LBT ramp-up phase. After performing LBT, the device performs transmission over the bandwidth over which LBT has succeeded, but is not capable to prepare in advance all the transmissions based on possible LBT outcomes. Since the device only prepares a transmission over the wider available bandwidth, prior to perform transmission the gNB punctures over the LBT bandwidths that have not succeeded. 
· Phase 2: After a certain amount of time, the device starts to rate-match its transmission over the bandwidth over which LBT has succeeded. 
An illustration of this concept is provided in Figure 8.

[image: ]
Figure 8 – Illustration of a device operation when wideband operation is enabled.

In order to follow the LTE LAA mechanism, the concept of reference burst can be introduced also for wideband operation. While in this case the length and timing can follow that defined for single operating channel in Sec. 4.1, its starting position must be defined differently. If the reference burst is defined here to start at the beginning of the transmission burst, the reference burst incorporates Phase 1: in this case due to the Rel-15 NR mapping for both TBs and a CBGs, and due to the puncturing that the device must perform to accommodate the transmission based on the LBT outcome, an LBT failure over a specific channel will have effect on the CWS adjustment for all other channels over which the LBT has succeeded. In order to mitigate this issue, the reference burst can be defined to start with + Phase 2. In this case, the CWS adjustment mechanisms adopted for single operational channel can be reused.
Proposal 17: In wideband operation, the starting of the reference burst coincides with the beginning of Phase 2.
Proposal 18: In wideband operation, the CWS adjustment mechanisms adopted for a single operational channel are reused. 


Beamformed transmissions and Directional LBT 
Beamformed transmissions have the benefits to allow for spatial multiplexing and limit interference level through directional narrow beam transmissions. However, the regulatory requirements [6] impose constraint on the total transmit power in case of multi-antenna transmissions preventing the system from getting the full benefit from beamformed transmissions due to the imposed coverage limitations. During NR-U SI, it was agreed that omni-directional LBT should be supported. Using directional LBT for beamforming transmissions, i.e. LBT performed in the direction of the transmitted beam, was also a subject of discussion.  However, since the scope of the Rel-16 NR-U WI is now limited up to sub-7 GHz band (FR1), having narrow beams at the UE does not seem feasible.  Therefore, directional LBT should not be supported in Rel-16. 
Proposal 19: Directional LBT is not supported in Rel-16.
LBT Mechanisms facilitating spatial reuse/interference mitigation
There have been discussions of using blank pattern schemes to aid in spatial reuse and interference mitigation measurements observed by a UE.  This requires significant effort and specification changes.  The additional overhead associated with these mechanisms may not be justified in some cases, and there is not enough time to finalize the details of such mechanisms in Rel-16.  Therefore, we propose that these additional schemes are not supported in Rel-16.
Proposal 20: LBT mechanisms facilitating spatial reuse or interference mitigation are not supported in Rel-16.
Receiver Assisted LBT
There has been interest in the adoption of RTS/CTS like schemes in NR-U to mitigate the hidden node problem.  Supporting receiver assisted LBT requires significant efforts and specification changes.  Therefore, these schemes should not be supported in Rel-16.
Proposal 21: Receiver assisted LBT mechanisms are not supported in Rel-16.
 Frame Based Equipment
According to the ETSI BRAN [6], a wireless device can operate on the 5 GHz unlicensed band either following the load based equipment (LBE) or the frame based equipment (FBE) framework. While the LTE LAA design is solely based on the LBE framework, during the NR-U SI it was agreed to design NR-U also on the base of the FBE framework striving to minimize changes from current NR design.
When operating a system using the FBE framework, the channel access is based on the concept of fixed frame periods (FFP) as shown in Figure 9. A device can operate as an initiating or responding device. An initiating device acquires the channel by performing a Cat-2 LBT, and initiates transmission at the beginning of a FFP. Within a FFP, an initiating device can perform multiple transmissions or grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current FFP. The operation through a FBE framework has a periodic timing with a periodicity equal to the FFP itself. According to the regulatory requirements, the FFP can be within a range of 1 to 10 ms, and it can be changed no more than once every 200 ms.
In NR-U SI TR [3], we have captured following operation for FBE:
	For FBE mode of operation, gNB acquires COT with Cat2 immediately prior to the fixed frame period. Within the gNB acquired COT, if a gap is <= 16 s, Cat 1 channel access scheme can be used by the gNB and associated UEs. Within the gNB acquired COT, if a gap is > 16 s, Cat 2 channel access scheme should be used by the gNB and associated UEs. Note this channel access mechanisms are intended to be aligned with any regulations for FBE operation.



From this agreement and ETSI BRAN regulation, it can be simply assumed that a gNB is considered as an initiating device and UEs are considered as responding devices. Correspondingly, only gNB can acquire the COT by performing CAT-2 LBT and all DL and UL transmissions can be transmitted inside the COT acquired by the gNB.
[image: ]
Figure 9 – Fixed frame period illustration [6].
The regulatory requirements [6] mandate that within each FFP, the channel occupancy time acquired by the initiating device shall not be greater than 95% of the fixed frame period, and at the tail of each FFP an idle period of at least 5% of the COT should be left with a minimum of 100 μs. Due to this last constrain, if the FFP is shorter than 2 ms, then the spectral efficiency is highly impacted. In order to illustrate this concept, in Figure 10 it is shown the maximum percentage of the FFP, which can be used as a COT under the limitation that an idle period has to be at least 100 μs long, in function of the FFP length. Figure 10 highlights that if the FFP is shorter than 2 ms, then the percentage of FFP which can be used as a COT becomes lesser than 95 %. 
That said, the FFP length should be decided according to the rules:
1. A FFP shall be larger than 2 ms to guarantees the highest spectral efficiency,
2. the regulatory requirements impose a strict rule on how the FFP should be changed in time (i.e., once every 200 ms), 
3. FBE aims to minimize the changes from the Rel. 15 design, and therefore the length of the FFP should be chosen such that to avoid cross-FFP scheduling and feedback transmissions.
With the aforementioned rules in mind, the baseline for the selection of the length of the FFP can be 10 ms, and the FFP aligns with the radio frame.
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Figure 10 – Maximum percentage of the FFP which can be used as a COT as function of the FFP length.

Observation 1: Considering that the regulatory requirements for FBE imposes a minimum idle period of 100 μs, if the FFP is less than 2 ms, then the spectral efficiency is significantly affected. 
Proposal 22: As a baseline, the FFP aligns with the radio frame boundary.

According to the regulatory requirements [6, Sec. 4.2.7.3.1.4 and Sec. 4.2.7.3.1.5], an initiating device is mandated to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current FFP:
· Sec. 4.2.7.3.1.4: “(3) An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.”
· Sec. 4.2.7.3.1.5: “Clause 4.2.7.3.1.4, point 3) describes the possibility whereby an Initiating Device grants an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Fixed Frame Period.”
Above clauses can be simply interpreted that transmissions from responding devices are only allowed if any authorization is granted by an initiating device within the current channel occupancy time or FFP. As discussed above, the gNB is considered as the initiating device, which initiates the transmission and provides a scheduled grant to its associated UE within the current FFP, and a UE is considered as the responding device, which receives a scheduled grant to transmit within a specific FFP from the gNB. 
However, on this matter a configured grant transmission cannot be enabled inside the COT acquired by the gNB, since it is not compliant with the aforementioned regulatory requirement: in fact [6] mandates a UE to receive a transmission grant from the gNB in all FFP where CG would be allowed, before transmission can be performed, which would limit greatly the autonomy of CG UL transmissions, and defeat the purpose of this feature. 
And also, for the same reason as above, this regulatory constraint does not allow in principle to transmit the PRACH preamble inside the COT acquired by the gNB.
Observation 2: For NR-U in FBE mode, the above ETSI BRAN requirement on FBE does not allow configured grant transmissions and PRACH transmission within a gNB-acquired COT due to the lack of grant from the gNB. 

However, both configured grant and PRACH are important features in NR-U. At least the PRACH is one of the most essential channels for the NR-U system design even for FBE. Therefore, we may need to discuss further how to enhance PRACH in order to support it for NR-U in FBE mode.
Proposal 23: RAN1 needs to study how to support PRACH for NR-U FBE mode in accordance with ETSI BRAN regulation

The aforementioned regulatory requirement also forbids any cross-FFP scheduling of UL transmissions and any cross-FFP HARQ scheduling, since it clearly and specifically mandates that a responding device is allowed to transmit within a FFP only if the transmission grant for that transmission is provided within the same FFP. Therefore, the length and configurability of a FFP is impacted, and a FFP should be configured to be long enough to allow intra-FFP scheduling and HARQ report, and also to allow the UE to cope with the related processing times.  
Proposal 24: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.

Based upon the regulatory requirements, even if a responding device (a.k.a a UE) is scheduled to transmit on a certain FFP, it is only allowed to transmit if the initiating device (a.k.a. gNB) succeeds to perform Cat-2 LBT on that FFP, which is indicated as a valid FFP. Therefore, before a UE performs a transmission it needs to assess whether or not a FFP is valid or not. In this matter, a UE can perform the downlink burst detection procedure which is discussed in the DL channel agenda.
Proposal 25: For FBE, to assess whether a COT is acquired by the gNB, a UE performs the DL burst detection mechanism as discussed in the DL channel agenda.
 It was agreed that FBE design should try to minimize the change from current NR design. Achieving synchronization accuracy between a single operator’s devices is already a hard problem.  Adding a second operator would add significant overhead to the specification.  
Proposal 26: To reduce complexity for FBE operation, single operator scenario is prioritized.
Conclusion
In this contribution, we discussed several aspects related to the channel access mechanism, and made the following proposals: 
Proposal 1: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap duration equal to 16us, if UL burst duration is less than 584us, then CAT1 LBT is used.  If UL burst duration is greater than or equal to 584us, Cat2 LBT is indicated by the gNB explicitly via a bit in the DL burst. 
Proposal 2: COT with multiple switching points is supported and LBT conditions for these switching points should be further studied.  
Proposal 3: The wideband LBT mechanisms from LAA can form the baseline for NR-U in DL. UL Wideband LBT mechanisms are FFS.
Proposal 4: The reference burst is defined as the first slot of the latest DL or UL burst for which HARQ-ACK feedback or an UL grant is available.
Proposal 5: If the latest DL or the UL burst for which HARQ-ACK feedback or an UL grant is available starts with a partial slot:
· and if this burst prolongs further, the reference burst includes both the partial slot and the following slot;
· and if this burst is only composed by a partial slot, the reference burst only includes the partial slot.
Proposal 6: A reference burst starts at least N symbols prior to the end of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 
Proposal 7: If CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of the TB is NACK’ed.
Proposal 8: For NR-U the DL CWS adjustment procedure from LTE is reused. However, the adjustment metric Z is evaluated as
Z = (u*NADLCBG + (1-u)*NADLTB) / (u*NDLCBG + (1-u)*NDLTB)
where NADLCBG is the number of NACKs that are counted within the reference burst for the CBG-based transmissions, where a NACK is counted if at least one of the currently transmitted CBGs of the TB is NACK’ed; NADLTB is the number of NACKs that are counted per TB within the reference burst for the TB-based transmissions; NDLCBG is the total number of feedbacks (counted per TB) for the CBG-based transmissions performed in the DL reference burst; and NDLTB is the total number of feedbacks for the TB-based transmissions performed in the DL reference burst. The value u can instead have values between 0 and 1, which can be configured based on the configuration or can be chosen as a fixed value.
Proposal 9: For CA deployment, if the HARQ-ACK value corresponding to a PDSCH transmission is scheduled by gNB on the same channel, ‘DTX’ is counted as a NACK.  Otherwise, it is ignored.
Proposal 10: If CBG-based transmission is configured and AUL-DFI is received, the UL CWS will be reset to its minimum value if all of the currently transmitted CBGs of the TB are ACK’ed. Otherwise, the CWS should be increased.
Proposal 11: If CBG-based transmission is configured and UL grant is received, if any individual bits of the CBGTI is set to 1, this will be interpreted as a failure, when the NDI is not toggled (i.e. retransmission) for the same HARQ process, i.e. NACK; otherwise it is considered as successful, i.e. ACK.
Proposal 12: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, similar rules as that used for the UL CWS adjustment for AUL in FeLAA are adopted for the DL CWS adjustment.
Proposal 13: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, the UL CWS adjustment mechanism does not account for PUCCH transmissions.
Proposal 14: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, the UL CWS adjustment mechanism accounts for PRACH transmissions based on procedure described above.
Proposal 15: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, a single CWS counter is adopted at the UE for each Cat-4 priority class for all the transmission types.
Proposal 16: The CWS rules defined in Rel. 13 for multi-carrier operation can be used as a baseline at least for DL wideband operation, and applied per BWP. FFS: whether to down-select some of the options for UL.
Proposal 17: In wideband operation, the starting of the reference burst coincides with the beginning of Phase 2.
Proposal 18: In wideband operation, the CWS adjustment mechanisms adopted for a single operational channel are reused. 
Proposal 19: Directional LBT is not supported in Rel-16.
Proposal 20: LBT mechanisms facilitating spatial reuse or interference mitigation are not supported in Rel-16.
Proposal 21: Receiver assisted LBT mechanisms are not supported in Rel-16.
Proposal 22: As a baseline, the FFP aligns with the radio frame boundary.
Proposal 23: RAN1 needs to study how to support PRACH for NR-U FBE mode in accordance with ETSI BRAN regulation.
Proposal 24: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.
Proposal 25: For FBE, to assess whether a COT is acquired by the gNB, a UE performs the DL burst detection mechanism as discussed in the DL channel agenda.
Proposal 26: To reduce complexity for FBE operation, single operator scenario is prioritized.
References
[bookmark: _Ref534885260][1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm Inc, 3GPP TSG RAN Meeting #82, Dec. 2018.
[2] 3GPP TR 38.889, “Study on NR-based Access to Unlicensed Spectrum (Rel-16),” V 16.0.0, Nov. 2018.
[3] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #AH 1901, January, 2019.
[4] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #96, February, 2019.
[5] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #96b, April, 2019.
[bookmark: _Ref534911469][6] ETSI EN 301 893 V2.1.1, “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU”, (2017-05).
[7] IEEE 802.11-2016, “IEEE Standard for Information technology--Telecommunications and information exchange between systems Local and metropolitan area networks--Specific requirements - Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications”.
[8] IEEE Draft P802.11ax D4.1, “High Efficiency WLAN”.
 


image1.png
AP

STAL

b 2l
VHT MU PPDU

BAR




image2.png




image3.png
HEmUPRDY i graf<OFOMABA
#NPDU i trgger containing UL trggerfermten Blockack
i i
i i
FNPDU wih trgger comtaining UL trggerfermten Bloskack
FNPDU wih trgger containing UL trggerfermten Blockack
FNPDU wih trgger containing UL trggerfermten Blockack
#NPDU i trggercontaining UL trggerfermten Blockack
ket o w

nor





image4.png
sis siFs
HETEPPDU STAR Blonkick

T T

H H
Trzger HETEPPOU STAS ok
HETEPPDU STAD ok
HETEPPDU STAZ Blonkick
HETBPPDU STAT Blonkick

o

s

moe





image5.png
|< TXOP

|¢«—— MU cascading ssquence————»

Multi-STA
AP HE MU PPDU HE MU PPDU BlockAck

] ] | |
| | | |
] ] | |
STA1 | | HETBPPDU| | | |
1 1 1 1
P! o i i
STA2 i HE TB PPDU i i HE TB PPDU i
: : : : : 1 [ :
1 1 I I
STA3 L P ' | HETBPPDU| !
+ T ] + * ;
3 & 3k 5 5K
SIFS SIFS SIFS SIFS





image6.png
j—

DL burst

Slot

CaseA)

DL burst

Fartial slot





image7.png
Cat-4 LBT

UL Burst

\

DL Burst

CORESET with UL grant or DFI-DCI




image8.wmf
{

}

1,2,3,4

p

Î


oleObject1.bin

image9.wmf
p

p

CW

CW

min,

=


oleObject2.bin

image10.wmf
%

80

=

Z


oleObject3.bin

image11.wmf
k


oleObject4.bin

image12.wmf
p

CW


oleObject5.bin

oleObject6.bin

image13.wmf
ref

n


oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

image14.png
Transmission bandwidth

@
| 2w
Bwunit
7 e

Phase 2

2 6T success

o

B resources





image15.png
cc4

cc4 ccA
uuT | .
cca | !

h \I / )

' I '

' ' ' ' '
uvur ! !
Transmission ! 4

] T
' |
' '
' '
I '
I '
I '
I '
. |
Channel Occupancy ' Idle Channel Occupancy ! Idle
Time Period Time Period
>|<€ >
Fixed Frame Period Fixed Frame Period





image16.jpeg
10

9

i

3

5w § -
g g 5

100 Se pasn ddd Jo % Xe

>

e

FFP [in ms]




