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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: 
	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




In this contribution, the following aspects related to the channel access mechanism are addressed:
· 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.
· Remaining channel access schemes for LBE.
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 ether scheduled or grant-free UL transmissions), which is in par with other incumbent technologies. For either DL or UL, the legacy LTE LAA CWS adjustment procedure is performed based on the HARQ-ACK feedback related to a reference subframe, which is defined as:
1. DL: the reference subframe is the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available.
2. UL: the reference subframe set is the first subframe with UL-SCH that was transmitted at least 4 ms prior to the UL grant reception in the most recent transmitted burst of contiguous subframes that is transmitted after performing a
category 4 LBT procedure is defined as the reference subframe.
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 legacy 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 subframe has been replaced with the concept of slot whose length depends on the subcarrier spacing (SS):  the duration of the slot is 1ms, 500 us, 250 us, for 15 kHz, 30 kHz, and 60 kHz, respectively.
Reference Burst
In order to mimic the legacy 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 subframe, the reference burst is one slot long, which for 15 KHz would coincide with the definition of reference subframe in legacy 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 Fig. 1, 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 1: 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 2: 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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Fig. 1 – 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 (GC) UL transmission is configured, which is illustrated in Fig. 2. In legacy LTE LAA, the minimum time between the beginning of reference subframe 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 first symbol of the CORESET containing could be configured.  

[image: ]
Fig. 2 – Fig. 2 – Illustration of timing between an UL reference burst and the following COSESET containing UL grant or DFI DCI.

Proposal 3: A reference burst starts at least N symbols prior to the beginning of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 

 2. 2 Handling of CBG-Based Transmissions
As mentioned at the beginning of this section, in NR-U CBG-based re-transmissions might be configured. However, the legacy LTE LAA CWS adjustment mechanism was designed accounting only for TB-based transmissions.  In particular, for DL the legacy 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 subframe 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 legacy 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).  With this in mind, if CBG-based only configuration is used, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently scheduled CBGs of the TB is NACK’ed, similarly as in LTE legacy LAA.
However, in many cases some UEs may be configured with CBG-based transmissions, while others perform TB-based transmissions, and in this case the percentage of NACKs Z should be handled jointly. In this matter, Z can be evaluate as follows:
Z = (u*NADLCBG + (1-u)*NADLTB) / (u*NDLCBG + (1-u)*NDLTB)      (2)
where NADLCBG is the number of NACKs per CBG in the reference DL burst, NADLTB is the number of NACKs per TB in the reference DL burst, NDLCBG is the total number of CBGs feedbacks in the DL reference burst, and NDLTB is the total number of TBs feedbacks 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 from a set of known values.
Note that (2) is generic, flexible, and is backwards compatible with the legacy 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 legacy LTE LAA. 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 4: For NR-U the DL CWS adjustment procedure from Legacy-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 per CBG in the reference DL burst, NADLTB is the number of NACKs per TB in the reference DL burst, NDLCBG is the total number of CBGs feedbacks in the DL reference burst, and NDLTB is the total number of TBs feedbacks 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 from a set of known values.

Similarly as legacy LTE LAA, 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 5: If the HARQ-ACK value corresponding to a PDSCH transmission 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 following:

-	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(GC)-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 6: 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 scheduled CBGs of the TB are ACK’ed. Otherwise, the CWS should be increased.
Proposal 7: 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.

Channel access for LBE
During the study item, it was reached an agreement that dictates which LBT type should be used for each channel in order to acquire a COT, and this was also captured in Study item TR [2]. However, there are still some remaining issues that must be formalized especially for channel access for uplink channels, for which it must be decided whether some of the UL channels/signals can use an LBT scheme other than Cat-4 to acquire the COT. The corresponding agreement that highlight this, is shown below:
	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



To guarantee fair coexistence among different incumbent technologies sharing Sub-6 GHz unlicensed band, channel access mechanism (LBT scheme) shall be aligned with the regulatory requirements defined by ETSI BRAN [3][4]. However, there is no clear statement along the text of [3] and [4] that actually allows LBT Cat-2 for the channels listed in the aforementioned agreement. Given that Cat-2 for UL channels is not aligned with the regulatory requirements, it is advisable to only allow Cat-4 for them. 

Proposal 8: The following table is used: 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value 

	RACH -only
	N/A
	Cat4 with lowest channel access priority class value

	PUCCH -only
	N/A
	Cat4 with lowest channel access priority class value


 

Conclusion
In this contribution, we discussed several aspects related to the channel access mechanism, and made the following proposals: 
Proposal 1: 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 2: 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 3: A reference burst starts at least N symbols prior to the beginning of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 
Proposal 4: For NR-U the DL CWS adjustment procedure from Legacy-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 per CBG in the reference DL burst, NADLTB is the number of NACKs per TB in the reference DL burst, NDLCBG is the total number of CBGs feedbacks in the DL reference burst, and NDLTB is the total number of TBs feedbacks 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 from a set of known values.
Proposal 5: If the HARQ-ACK value corresponding to a PDSCH transmission scheduled by gNB on the same channel, ‘DTX’ is counted as a NACK.  Otherwise, it is ignored.
Proposal 6: If CBG-based transmission is configured and CG-DFI is received, the UL 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.
Proposal 7: 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 8: The following table is used: 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value

	RACH -only
	N/A
	Cat4 with lowest channel access priority class value

	PUCCH -only
	N/A
	Cat4 with lowest channel access priority class value
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