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1. Introduction
In this contribution, we would like to discuss channel access in NR-U, with respect to CWS adjustment for a wideband carrier, and 16-us Cat-2 LBT and CP extension for PUCCH. Some previous agreements relevant to the discussion are shown in Appendix I.
2. Discussion
2.1. CWS adjustment for a wideband carrier
In RAN1#97 meeting, it was agreed that the multi-carrier channel access schemes in LTE-LAA are applicable to multiple LBT sub-bands within a carrier in NR-U. Here, a LBT sub-band within a carrier in NR-U is kind of treated as a carrier LTE-LAA from channel access perspective. However, how to perform contention window size adjustment for a carrier with multiple LBT sub-bands, an essential issue for NR-U, has not been discussed. Therefore, we would like to discuss the issue in this part.
2.1.1. CWS maintenance for a wideband carrier
gNB side
In LTE-LAA, for eNB, there are two types of multi-carrier channel access schemes, i.e. Type A and Type B, each with corresponding applicable contention window size adjustment methods as follows. 
	· Type A: eNB shall perform Cat-4 LBT on each carrier of a set of carriers. 
· Type A1/A2: a CWS is maintained independently for each carrier in the set of carriers 
· Type B: eNB shall perform Cat-4 LBT on one selected carrier in a set of carriers.
· Type B1: a single CWS is maintained for the set of carriers
· Type B2: a CWS is maintained independently for each carrier in the set of carriers


Since the LTE-LAA multi-carrier channel access schemes are applicable to multiple LBT sub-bands within a carrier in NR-U, and a LBT sub-band within a carrier in NR-U is similar to a carrier in the LTE-LAA multi-carrier channel access schemes, it would be straightforward to reuse the above contention window size adjustment methods for gNB in NR-U. 
That is, gNB could perform CWS maintenance per LBT sub-band or per LBT sub-band set.
More particularly, assuming a carrier with two LBT sub-bands, an example is as shown in Figure 1. In figure (a), similar to the Type A above, gNB performs Cat-4 LBT on each LBT sub-band. In this case, gNB should maintain a CWS for each LBT sub-band independently, i.e. CWS_0 for LBT sub-band 0 and CWS_1 for LBT sub-band 1 in the figure. In figure (b) and (c), similar to the Type B above, gNB performs Cat-4 LBT on one selected LBT sub-band. The selected LBT sub-band can change over time. In this case, gNB could maintain a CWS for the set of LBT sub-bands (i.e. LBT sub-band 0 and LBT sub-band 1) as in figure (b), or maintain a CWS for each LBT sub-band as in figure (c).
	


	(a) Similar to Type A multi-carrier access in LTE-LAA

	

	


	(b) Similar to Type B1 multi-carrier access in LTE-LAA
	(c) Similar to Type B2 multi-carrier access in LTE-LAA

	Figure 1. Example of CWS maintenance for a DL wideband carrier


UE side
For a UE, only one UL BWP is active at a particular time for UL transmissions. If the active UL BWP for the UE contains more than one LBT-band, or if UL BWP is switched, initial transmission and retransmissions may be transmitted over different LBT sub-bands per gNB scheduling. 
For example, as shown in Figure 2(a), the initial transmission is transmitted over a LBT sub-band 0 and LBT sub-band 1 at a slot, but the retransmission is over LBT sub-band 0 at another slot, and in Figure 2(b), the initial transmission is transmitted over a LBT sub-band 0 at a slot, but the retransmission is over LBT sub-band 1 at another slot. 
To avoid unnecessary increasing CWS for the retransmission, especially considering the case in Figure 2(b), CWS should be maintained per LBT sub-band.
	

	


	(a) Example 1
	(b) Example 2

	Figure 2. Example of UL BWP switching


Based on the above consideration, we have following proposals:
Proposal 1: CWS maintenance methods for multi-carrier channel access schemes in LTE-LAA should be reused by NR-U as much as possible.
· Support CWS maintenance per LBT sub-band for both gNB and UE in NR-U.
· Support CWS maintenance per LBT sub-band set for gNB in NR-U.
2.1.2. CWS updating based on PDSCH/PUSCH over multiple LBT sub-bands
As shown in Figure 3, assuming a DL/UL BWP contains two or more LBT sub-bands, a PxSCH (PDSCH/PUSCH) on the BWP may be transmitted over multiple LBT sub-bands. As discussed in 2.1, gNB and UE may perform CWS maintenance per LBT sub-band. In this part, how to update a CWS corresponding to a LBT sub-band based on PxSCH over multiple LBT sub-bands is discussed.
	


	Figure 3. Example of PxSCH across multiple LBT sub-bands


In NR, HARQ-ACK for a transmission can be indicated per CBG (CBG-level HARQ) or per TB (TB-level HARQ). For NR-U, if the HARQ-ACK of PxSCH is indicated per CBG for convenience of updating a CWS corresponding to a LBT sub-band, it’s better that each CBG of PDSCH/PUSCH is confined within a LBT sub-band. By this way, the HARQ-ACK value corresponding to a CBG can reflect the congestion status of the corresponding LBT sub-band and used for updating the corresponding CWS. An example is shown in Figure 4. The HARQ-ACK value corresponding to CBG 0 is used for updating CWS_0 and the HARQ-ACK value corresponding to CBG 1 is used for updating CWS_1.
	


	Figure 4. Example of PDSCH/PUSCH resource mapping with two CBGs


Otherwise, if the HARQ-ACK of PxSCH is indicated per TB, or if the HARQ-ACK of PxSCH is indicated per CBG and a CBG in the PxSCH is transmitted over multiple LBT sub-bands, the TB or CBG may be received unsuccessfully due to collision on any LBT sub-band in the multiple sub-bands. To avoid unnecessarily increasing a CWS corresponding to a LBT sub-band, whether/how to count the HARQ-ACK value corresponding the TB for updating the CWS may need to be discussed separately for gNB side and UE side. For example, a factor for counting the HARQ-ACK value could be introduced.
Proposal 2: For convenience of CWS maintenance per LBT sub-band, each CBG of a PxSCH transmitted over multiple LBT sub-band should be confined within a LBT sub-band.
2.2. 16-us Cat-2 LBT
For 16-us Cat-2 LBT, the following alternatives are for down-selection.
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 
In the last RAN4 meeting, for NR-U, RAN4 agreed to reuse BS RF requirements on transmitter transient period in NR. As shown in the figure in Appendix II, after a DL transmission, there could be 10-us transmitter transient period. 16-us Cat-2 LBT is allowed only when gap between neighboring transmissions is 16 us. Assuming the gap starts from the end of a DL transmission regardless of transmitter transient period, Alt. 2 may well be unfeasible due the blocking incurred by the transient period of the previous DL transmission. Therefore, it is necessary to clarify the definition of gap for down-selection of the alternatives. 
If the gap starts from the end of a DL transmission regardless of transmitter transient period, at least Alt. 2 should be precluded. For the similar reason, if Alt. 3 is adopted, it’s better for UE to perform energy measurement in a duration without overlapping with the transient period of previous DL transmission, which results in similar behavior as Alt. 1. Therefore, we slightly prefer to choose Alt. 1 directly. 
Observation 1: NR-U will reuse BS RF requirements on transmitter transient period in NR, by which there could be 10-us transmitter transient period after a DL transmission.
Observation 2: It is necessary to clarify the definition of gap for down-selection of alternatives for 16-us Cat-2 LBT.
Proposal 3: If the gap starts from the end of DL transmission regardless of transient period, at least Alt.2 for 16-us Cat-2 LBT should be precluded. 
2.3. CP extension for PUCCH
In RAN1#98b meeting, applicability of CP extension to UL transmissions rather than PUSCH was noted as FFS. In our understanding, it is beneficial to apply CP extension at least for PUCCH, considering frequency-domain multiplexing with PUSCH with CP extension. As illustrated in Figure 5, assuming that PUCCH from UE_1 and PUSCH from UE_2 are FDMed, CP extension for PUCCH could be used for alignment of the starting positions of PUSCH and PUSCH, so that the transmissions would not block each other.


Figure 5. Example of FDMed PUCCH and PUSCH
Proposal 4: Apply CP extension for PUCCH to support FDMed PUCCH and PUSCH with CP extension.
The CP extension for PUCCH can be signaled by DCI or RRC signaling, in a similar way as for PUSCH.
3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: CWS maintenance methods for multi-carrier channel access schemes in LTE-LAA should be reused by NR-U as much as possible.
· Support CWS maintenance per LBT sub-band for both gNB and UE in NR-U.
· Support CWS maintenance per LBT sub-band set for gNB in NR-U.
Proposal 2: For convenience of CWS maintenance per LBT sub-band, each CBG of a PxSCH transmitted over multiple LBT sub-band should be confined within a LBT sub-band.
Observation 1: NR-U will reuse BS RF requirements on transmitter transient period in NR, by which there could be 10-us transmitter transient period after a DL transmission.
Observation 2: It is necessary to clarify the definition of gap for down-selection of alternatives for 16-us Cat-2 LBT.
Proposal 3: If the gap starts from the end of DL transmission regardless of transient period, at least Alt.2 for 16-us Cat-2 LBT should be precluded. 
Proposal 4: Apply CP extension for PUCCH to support FDMed PUCCH and PUSCH with CP extension.
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Appendix I

	RAN1#93[1]
	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.

	RAN1#94 [2]

	Agreement: 
In addition to aspects considered in LTE LAA, CWS 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

	RAN1#95[3]
	Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.

	RAN1 AH 1901 [4]
	Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

	RAN1#97[5]
	Agreement:
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.

Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis

Agreement:
Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 

	RAN1#98[6]
	Agreement:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.
Agreement:
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.
Agreement:
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH

	RAN1#98b[7]
	Agreement:
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured
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Figure 6.4.2.1-1: Example of relations between transmitter ON period, transmitter OFF period and transmitter transient period [8]
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