
3GPP TSG RAN WG1 Meeting #102-e	R1-2005809
E-meeting, August 17 – August 28, 2020

Agenda Item:	7.2.2.2.1
Source:	Huawei, HiSilicon
[bookmark: _GoBack]Title:	Maintenance on channel access procedures
Document for:	Discussion and Decision

Introduction
[bookmark: _Ref129681832]In this contribution, we discuss some issues related to the channel access procedures in NR-U Rel-16 as captured by the latest draft specifications and the endorsed editor CRs. We propose some corrections/modifications in the form of TPs targeting respective subclauses to ensure the accuracy and completeness of the final NR-U Rel-16 specifications.
Discussion
Contention window adjustment procedures for DL transmissions by gNB 
In section 4.1.4.2 of the current TS 37.213 on CWS adjustment for DL transmissions by gNB we observe the following:
1. The current procedure recites a “reference duration corresponding to the earliest DL transmission burst” and also a “reference duration corresponding to the latest DL transmission burst” whereas the same subclause defines the ‘reference duration’ to be “corresponding to a channel occupancy initiated by the gNB”. 
2. “HARQ-ACK feedback(s) corresponding to PDSCH(s) in the reference duration for the latest DL transmission burst” is inconsistent with the part highlighted in blue of the agreement quoted below.
As such, we propose to change “transmission burst” to “channel occupancy” in steps 2) and 3).
3. It should be also clarified that for a PDSCH with some CBGs overlapping with the subband (channel) in consideration and some other CBGs overlapping with another subband (channel), the 10% ratio is calculated out of the number of CBGs overlapping with the channel in consideration.

Therefore, to ensure clarity and consistency of this subclause of the spec, we propose to adopt the following TP1 into that section of TS 37.213
   
RAN1 #99
Agreement:
For CW adjustment for transmissions including PDSCH and PUSCH:
· if new HARQ feedback is available relative to the prior CW update, the feedback for the latest COT for which new feedback is received shall be used:
· if the HARQ feedback is ACK, CW shall be set to CWmin.
· if the HARQ feedback is NACK (or if in absence of feedback within a window as defined below, the gNB or the UE retransmits the TB), CW shall be set to min(CW×2 + 1, CWmax).
· Window starts at the end of the reference duration and has a duration of max (X ms, the duration of the transmission burst from start of the reference duration + 1 ms) 
· If the absence of other technologies cannot be guaranteed (same condition as in existing specs for other cases), X = 5. Otherwise, X = 10.
· Otherwise (if new HARQ feedback is not available), CW shall remain the same.
· Note: HARQ feedback includes any implicit methods of HARQ feedback determination.

Agreement:
For CWS adjustment for an LBT sub-band when a single contention window is maintained per LBT subband, all CBGs (if any are present) and TBs that partially or fully overlap with that LBT sub-band are taken into account.
· CW is reset if “ACK” is received for at least 10 % of the CBGs or for at least one TB in the reference duration 
· Note: Other procedures for contention window adjustment within an LBT subband are also applicable
· A UE can choose to apply feedback only based on TBs for CW adjustment


	*** <Beginning of Text Proposal 1> ***
4.1.4.2 	Contention window adjustment procedures for DL transmissions by gNB
If a gNB transmits transmissions including PDSCH that are associated with channel access priority class  on a channel, the gNB maintains the contention window value  and adjusts  before step 1 of the procedure described in subclause 4.1.1 for those transmissions using the following steps:
1) For every priority class set .
2) If HARQ-ACK feedback is available after the last update of  , go to step 3. Otherwise, if the gNB transmission after procedure described in subclause 4.1.1 does not include a retransmission or is transmitted within a duration  from the end of the reference duration corresponding to the earliest DL transmission burstchannel occupancy after the last update of   transmitted after the procedures described in subclause 4.1.1, go to step 5; otherwise go to step 4.
3) The HARQ-ACK feedback(s) corresponding to PDSCH(s) in the reference duration for the latest DL transmission burst channel occupancy for which HARQ-ACK feedback is available is used as follows:
a. If at least one HARQ-ACK feedback is ‘ACK’ for PDSCH(s) with transport block based transmissions feedback or at least 10% of HARQ-ACK feedbacks is ‘ACK’ for CBGs overlapping with the channel and in PDSCH(s) with code block group based transmissions feedback, go to step 1; otherwise go to step 4.
4) Increase  for every priority class  to the next higher allowed value.
5) For every priority class , maintain  as it is; go to step 2.
The reference duration and duration   in the procedure above are defined as follows:
-	The reference duration corresponding to a channel occupancy initiated by the gNB including transmission of PDSCH(s) is defined in this subclause as a duration starting from the beginning of the channel occupancy 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 channel occupancy includes a unicast PDSCH, but it does not include 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 channel occupancy that contains unicast PDSCH(s) is the reference duration for CWS adjustment.
-	 where  is the duration of the transmission burst from start of the reference duration in   and   if the absence of any other technology sharing the channel can not be guaranteed on a long-term basis (e.g. by level of regulation), and   otherwise.
*** Unchanged text is omitted ***
*** <End of Text Proposal 2> ***



Proposal 1：Adopt TP1 into section 4.1.4.2 of TS 37.213.
Contention window adjustment procedures for UL transmissions scheduled/configured by gNB 
Similarly, in section 4.2.2.2 of the current TS 37.213 v16.1.0 on CWS adjustment procedures for UL transmissions scheduled/configured by gNB, we observe the following: 
1. The current procedure recites a “reference duration corresponding to the earliest UL transmission burst” and also a “reference duration corresponding to the latest UL transmission burst” whereas the same subclause defines the ‘reference duration’ to be “corresponding to a channel occupancy initiated by the UE”.
2. “HARQ-ACK feedback(s) corresponding to PDSCH(s) in the reference duration for the latest DL transmission burst” is inconsistent with the part highlighted in blue of the same agreement quoted in the previous section.
Therefore, we propose to change “transmission burst” to “channel occupancy” in steps 2) and 3).
Proposal 2：Adopt TP2 into section 4.2.2.2 of TS 37.213.

3. It should be also clarified that for a PUSCH with some CBGs overlapping with the subband (channel) in consideration and some other CBGs overlapping with another subband (channel), the 10% ratio is calculated out of the number of CBGs overlapping with the channel in consideration.

4. Furthermore, it should be noted that retransmission of Msg3 PUSCH can be scheduled by DCI format 0_0 scrambled by TC-RNTI. Since Msg 3 PUSCH satisfies the subclause in section 4.2.2.2 of TS 37.213 as a UL channel with implicit HARQ feedback NACK, receiving Msg 4 in response should be considered as an implicit HARQ feedback ACK for the purpose of CWS adjustment.
Therefore, we propose to adopt the following TP3 into section 4.2.2.2 of TS 37.213 to ensure clarity and consistency of this subclause of the specifications.
Proposal 3：Since Msg 3 PUSCH satisfies the subclause in section 4.2.2.2 of TS 37.213 as a UL channel with implicit HARQ feedback NACK, receiving Msg 4 in response should be considered as an implicit HARQ feedback ACK for the purpose of CWS adjustment.
Proposal 4：Adopt TP3 into section 4.2.2.2 of TS 37.213.

	*** <Beginning of Text Proposal 2> ***
4.2.2.2 	Contention window adjustment procedures for UL transmissions scheduled/configured by gNB
If a UE transmits transmissions using Type 1 channel access procedures that are associated with channel access priority class  on a channel, the UE maintains the contention window value  and adjusts  for those transmissions before step 1 of the procedure described in subclause 4.2.1.1, using the following steps:
1) For every priority class , set ;
2) If HARQ-ACK feedback is available after the last update of ,  go to step 3. Otherwise, if the UE transmission after procedure described in subclause 4.2.1.1 does not include a retransmission or is transmitted within a duration  from the end of the reference duration corresponding to the earliest UL transmission burstchannel occupancy after the last update of  transmitted after the procedures described in subclause 4.1.1, go to step 5; otherwise go to step 4.
3) The HARQ-ACK feedback(s) corresponding to PUSCH(s) in the reference duration for the latest UL transmission burstchannel occupancy for which HARQ-ACK feedback is available is used as follows:
a. If at least one HARQ-ACK feedback is ‘ACK’ for PUSCH(s) with transport block (TB) based feedback or at least 10% of HARQ-ACK feedbacks is ‘ACK’ for CBGs overlapping with the channel and in PUSCH(s) with code block group (CBG) based feedback go to step 1; otherwise go to step 4.
4) Increase  for every priority class  to the next higher allowed value;
5) For every priority class , maintain  as it is; go to step 2.
*** Unchanged text is omitted ***
*** <End of Text Proposal 2> ***



	*** <Beginning of Text Proposal 3> ***
4.2.2.2 	Contention window adjustment procedures for UL transmissions scheduled/configured by gNB
*** Unchanged text is omitted ***
The HARQ-ACK feedback, reference duration and duration   in the procedure above are defined as the following:

· HARQ-ACK feedback for PUSCH(s) transmissions are expected to be provided to UE(s) explicitly or implicitly where implicit HARQ-ACK feedback for the purpose of contention window adjustment in this subclause, is determined based on either the indication for a new transmission or retransmission in the DCI scheduling PUSCH(s) or the success or failure of receiving of an associated channel/signal in response as follows:
-	If a new transmission is indicated, ‘ACK’ is assumed for the transport blocks or code block groups in the corresponding PUSCH(s) for the TB-based and CBG-based transmission, respectively.
-	If a retransmission is indicated for TB-based transmissions, ‘NACK’ is assumed for the transport blocks in the corresponding PUSCH(s).
-	If a retransmission is indicated for CBG-based transmissions, if a bit value in the code block group transmission information (CBGTI) field is ‘0’ or ‘1’ as described in subclause 5.1.7.2 in [8], ‘ACK’ or ‘NACK’ is assumed for the corresponding CBG in the corresponding PUSCH(s), respectively.
-    If the UE successfully receives Msg 4 in response to its transmission of Msg 3 PUSCH, ‘ACK’ is assumed for the corresponding TB in the corresponding PUSCH.
-	The reference duration corresponding to a channel occupancy initiated by the UE including transmission of PUSCH(s) is defined in this subclause as a duration starting from the beginning of the channel occupancy 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 channel occupancy includes a PUSCH, but it does not include any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the channel occupancy that contains PUSCH(s) is the reference duration for CWS adjustment.
*** Unchanged text is omitted ***
*** <End of Text Proposal 3> ***



Multi-channel access procedures for downlink transmission(s) 
In section 4.1.6 of the current TS 37.213, the highlighted sentence below was added to the procedures of both type B1 and type B2 (when a single CW is maintained for multiple LBT subbands) based on the agreement accounting for any fully or partially overlapping PDSCH with the channel for which the CWS adjustment procedure is conducted. We note that the same behavior is also applicable for both type A1 and type A2 procedures (when a single CW is maintained per LBT subband) and the same sentence should be added to the respective subclauses. We propose as such adopting TP5 into that section of the specifications.  
Agreement:
For CWS adjustment for an LBT sub-band when a single contention window is maintained per LBT subband, all CBGs (if any are present) and TBs that partially or fully overlap with that LBT sub-band are taken into account.
· CW is reset if “ACK” is received for at least 10 % of the CBGs or for at least one TB in the reference duration 
· Note: Other procedures for contention window adjustment within an LBT subband are also applicable
· A UE can choose to apply feedback only based on TBs for CW adjustment

Agreement:
For CWS adjustment for DL, when a single contention window is maintained for multiple LBT subbands, all CBGs (if any are present) and TBs that partially or fully overlap with those multiple LBT sub-bands are taken into account.
· CW is reset if “ACK” is received for at least 10 % of the CBGs or for at least one TB in the reference duration 
· Note: Other procedures for contention window adjustment within an LBT subband are also applicable.

	[bookmark: _Toc524694437][bookmark: _Toc28873147]4.1.6.2.1	Type B1 multi-channel access procedure
A single  value is maintained for the set of channels .
For determining  for channel access on channel , step 2 of the procedure described in subclause 4.1.4.1 is modified as follows 
-	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe  of all channels  are determined as NACK, increase  for each priority class  to the next higher allowed value; otherwise, go to step 1.
For determining  for a set of channels , any PDSCH that fully or partially overlaps with any channel , is used in the procedure described in subclause 4.1.4.2.
[bookmark: _Toc524694438][bookmark: _Toc28873148]4.1.6.2.2	Type B2 multi-channel access procedure
A  value is maintained independently for each channel  using the procedure described in subclause 4.1.4.
For determining  for channel , any PDSCH that fully or partially overlaps with channel  , is used in the procedure described in subclause 4.1.4.2.
For determining  for channel ,  value of channel  is used, where  is the channel with largest  among all channels in set .




Proposal 5：Adopt TP4 into section 4.1.6.1 of TS 37.213.
	*** <Beginning of Text Proposal 4> ***
[bookmark: _Toc524694434][bookmark: _Toc28873144]4.1.6.1.1	Type A1 multi-channel access procedures
Counter  as described in subclause 4.1.1 is independently determined for each channel  and is denoted as . 
If the absence of any other technology sharing the channel cannot be guaranteed on a long term basis (e.g. by level of regulation), when the eNB/gNB ceases transmission on any one channel , for each channel , the eNB/gNB can resume decrementing  when idle sensing slots are detected either after waiting for a duration of , or after reinitialising .
For determining  for channel , any PDSCH that fully or partially overlaps with channel  , is used in the procedure described in subclause 4.1.4.2.
[bookmark: _Toc524694435][bookmark: _Toc28873145]4.1.6.1.2	Type A2 multi-channel access procedures
Counter  is determined as described in subclause 4.1.1 for channel , and is denoted as , where  is the channel that has the largest  value. For each channel , .
When the eNB/gNB ceases transmission on any one channel for which  is determined, the eNB/gNB shall reinitialise  for all channels.
For determining  for channel , any PDSCH that fully or partially overlaps with channel  , is used in the procedure described in subclause 4.1.4.2.
*** <End of Text Proposal 4> ***


Channel access procedures upon detection of a common DCI 
In section 4.2.1.0.0 of the current TS 37.213, the intended behavior is that the UE is allowed to switch from CAT4 to CAT2 within the available RB set and COT duration. However, there is one case in which the gNB indicates all RB set are ‘not available’ while COT duration is a valid value which would typically happen when the GC-PDCCH is at beginning of COT. In such case, and according to the agreement, the UE would not be allowed to switch CAT4 LBT to CAT2 LBT in all RB sets even on the RB set(s) where DCI format 2_0 was detected.
Therefore, in order to correct that behavior and improve the efficiency of channel access, we propose that when the gNB transmits Available RB Set Indicator immediately after LBT succeeds in which the gNB indicates all RB sets are not available for reception, i.e., due to insufficient time to update the DCI content, the UE would be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying the available RB set indicator was detected. 

Proposal 6: UE should be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying available RB set indicator is detected when the available RB set indicators indicate all RB sets are not available for reception.
Proposal 7：Adopt TP5 into section 4.2.1.0.0 of TS 37.213.

	*** <Beginning of Text Proposal 5> ***
4.2.1.0.0	Channel access procedures upon detection of a common DCI
                     *** Unchanged text is omitted ***
If a UE determines the duration in time domain and the location in frequency domain of a remaining channel occupancy initiated by the gNB from a DCI format 2_0 as described in subclause 11.1.1 of [7], the following is applicable:
-	The UE may switch from Type 1 channel access procedures as described in subclause 4.2.1.1 to Type 2A channel access procedures as described in subclause 4.2.1.2.1 for its corresponding UL transmissions within the determined duration in time and location in frequency domain of the remaining channel occupancy. In this case, if the UL transmissions are PUSCH transmissions on configured resources, the UE may assume any priority class for the channel occupancy shared with the gNB.
-    If the UE determines from a DCI format 2_0 that all RB sets are not available, the UE may switch from Type 1 channel access procedures to Type 2A channel access procedures on the same RB set(s) where the DCI format 2_0 was detected.
*** Unchanged text is omitted ***
*** <End of Text Proposal 5> ***



Multi-channel access procedures for UL transmissions
In section 4.2.1.0.4 of the current TS 37.213, we observe that the channel access procedures for UL multi-channel transmission(s) are based only on the CA mode of FeLAA and do not account for the cases in which a wideband UL transmission could be scheduled by one UL grant or configured on configured resources on a set of channels. Therefore, we propose to capture these wideband cases for NR-U in the following TP. 
Furthermore, it should be noted that the highlighted constraint below ensuing conformance with WiFi channel boding is only necessary for the case wherein the UE uses type 1 channel access procedure on a channel along with type 2 channel access procedures on the remaining channels on which the transmission(s) is scheduled/configured. Therefore, in LTE LAA, it is understood that if such set of channels is not in conformance to the WiFi channel bonding, the UE will perform Type 1 channel access on individual channels. 
As such, to avoid further scheduling restrictions in NR-U, we propose that for an NR-U UE scheduled with a PUSCH on multiple RB sets and indicated with type 1 channel access, if the channel frequencies of the corresponding set of channels C is NOT “a subset of one of the sets of channel frequencies defined in subclause 5.7.4 in [2],” the UE performs type 1 channel access procedure on each channel individually. 
Proposal 8: For an NR-U UE scheduled with a PUSCH on multiple RB sets and indicated with type 1 channel access, if the channel frequencies of the corresponding set of channels C is NOT a subset of one of the sets of channel frequencies defined in subclause 5.7.4 in [2], the UE performs type 1 channel access procedure on each channel individually.
Proposal 9：Adopt TP6 into section 4.2.1.0.4 of TS 37.213.

	*** <Beginning of Text Proposal 6> ***
[bookmark: _Toc28873156]4.2.1.0.4	Channel access procedures for UL multi-channel transmission(s)
If a UE 
-	is scheduled to transmit on a set of channels , and if Type 1 channel access procedure is indicated by the UL scheduling grant for the UL transmission on the set of channels , or
-    is scheduled to transmit on a set of channels , and if Type 1 channel access procedure is indicated by the UL scheduling grants for the UL transmissions on the set of channels , and if the UL transmissions are scheduled to start transmissions at the same time on all channels in the set of channels  , or
-    intends to perform an uplink transmission on a configured resources on the set of channels  with Type 1 channel access procedure, or
-	intends to perform an uplink transmission on configured resources on the set of channels  with Type 1 channel access procedure, and if UL transmissions are configured to start transmissions on the same time all channels in the set of channels , and 
if the channel frequencies of set of channels  is a subset of one of the sets of channel frequencies defined in subclause 5.7.4 in [2]
-	the UE may transmit on channel  using Type 2 channel access procedure as described in subclause 4.2.1.2, 
-	if Type 2 channel access procedure is performed on channel immediately before the UE transmission on channel , , and
-	if the UE has accessed channel  using Type 1 channel access procedure as described in subclause 4.2.1.1, 
-	where channel  is selected by the UE uniformly randomly from the set of channels  before performing Type 1 channel access procedure on any channel in the set of channels .
-	the UE may not transmit on channel  within the bandwidth of a carrier, if the UE fails to access any of the channels, of the carrier bandwidth, on which the UE is scheduled or configured by UL resources.
if the channel frequencies of set of channels  is not a subset of one of the sets of channel frequencies defined in subclause 5.7.4 in [2], the UE may transmit on channel   using type 1 channel access procedure as described in subclause 4.2.1.1.
*** Unchanged text is omitted ***
*** <End of Text Proposal 6> ***



Channel access procedures for Semi-static channel occupancy 
The corrections proposed in this section have gained more priority given the revision in RAN#88 of the Rel-17 IIoT/URLLC enhancements WID in RP-201310, which considers among other objectives developing the specifications to support UE-initiated semi-static CO in the unlicensed spectrum. Therefore, it is important to discuss these issues before further development.  
In the current subclause in section 4.3 of TS 37.213, we observe the following:
1. The subclause recites “a periodic channel occupancy can be initiated every  within every two consecutive radio frames” which does not restrict that the periodic channel occupancy can only be initiated by the gNB.
2. The subclause also recites “when a gNB or a UE performs sensing for evaluating a channel availability,” which does not restrict the behavior to only the UEs scheduled/configured by a gNB given that the specifications in this document often address UEs scheduled/configured by an eNB as well.
3. For the case “If the channel is sensed to be busy, the gNB shall not perform any transmission during the current channel occupancy time.”, it should be noted that the CO would not be initiated after the channel is sensed busy. Thus, technically, the COT would not exist. Rather, the appropriate description in such a case is that the gNB and its connected UEs are not allowed to transmit for the whole period.        
Therefore, we propose adopting TP7 into that section of TS 37.213 as it would also impact developing the specifications for UE-initiated semi-static CO under the Rel-17 IIoT/URLLC work item.

	*** <Beginning of Text Proposal 7> ***
[bookmark: _Hlk26519519]4.3	Channel access procedures for Semi-static channel occupancy
If the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by level of regulation) and if a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic' by SIB1 or dedicated configuration, a periodic channel occupancy can be initiated by the gNB only every  within every two consecutive radio frames, starting from the even indexed radio frame at  with a maximum channel occupancy time , where  in , is a higher layer parameter provided in semiStaticChannelAccessConfig-r16 and . 
In the following procedures in this subclause, when a gNB or a UE scheduled/configured by a gNB performs sensing for evaluating a channel availability, the sensing is performed at least during a sensing slot duration . The corresponding   adjustment for performing sensing by a gNB or a UE is described in subclauses 4.1.5 and 4.2.3, respectively.
A channel occupancy initiated by a gNB and shared with UE(s) shall satisfy the following:
-	The gNB shall transmit a DL transmission burst(s) starting at the beginning of the channel occupancy time immediately after sensing the channel to be idle for at least a sensing slot duration . If the channel is sensed to be busy, the gNB shall not perform any transmission during the current channel occupancy timeperiod.
*** Unchanged text is omitted ***
-	The gNB and UEs shall not transmit any transmissions in a set of consecutive symbols for a duration of at least  before the start of the next channel occupancy timeperiod.
*** <End of Text Proposal 7> ***



Proposal 10：Adopt TP7 into section 4.3 of TS 37.213 as it would also impact developing the specifications for UE-initiated semi-static CO under the Rel-17 IIoT/URLLC work item

Conclusions
Based on the discussion, the following proposals are made:
Proposal 1：Adopt TP1 into section 4.1.4.2 of TS 37.213.
Proposal 2：Adopt TP2 into section 4.2.2.2 of TS 37.213.
Proposal 3：Since Msg 3 PUSCH satisfies the subclause in section 4.2.2.2 of TS 37.213 as a UL channel with implicit HARQ feedback NACK, receiving Msg 4 in response should be considered as an implicit HARQ feedback ACK for the purpose of CWS adjustment.
Proposal 4：Adopt TP3 into section 4.2.2.2 of TS 37.213.
Proposal 5：Adopt TP4 into section 4.1.6.1 of TS 37.213.
Proposal 6: UE should be allowed to switch CAT4 LBT to CAT2 LBT on the same RB set(s) where DCI format 2_0 carrying available RB set indicator is detected when the available RB set indicators indicate all RB sets are not available for reception.
Proposal 7：Adopt TP5 into section 4.2.1.0.0 of TS 37.213.
Proposal 8: For an NR-U UE scheduled with a PUSCH on multiple RB sets and indicated with type 1 channel access, if the channel frequencies of the corresponding set of channels C is NOT a subset of one of the sets of channel frequencies defined in subclause 5.7.4 in [2], the UE performs type 1 channel access procedure on each channel individually.
Proposal 9：Adopt TP6 into section 4.2.1.0.4 of TS 37.213.
Proposal 10：Adopt TP7 into section 4.3 of TS 37.213 as it would also impact developing the specifications for UE-initiated semi-static CO under the Rel-17 IIoT/URLLC work item
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