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Introduction 
The objective of this email discussion is to collect views on various remaining issues on AUL channel access. The email discussion was held until February 8th, 2018. The proposals that were finalized and endorsed by Mr. Chairman at the end of this email discussion are provided in Section II. Finally, the remaining issues discussed during this email discussion are described in Section III.

Endorsed Agreements
As an outcome of this email discussion, the following agreements have been reached throughout unanimous consensus from the participating companies, which have been approved by Mr. Chairman on the email reflector:

 
Agreement 1:   
When an AUL UE is allocated to occupy the full channel bandwidth, i.e., all the interlaces, the UE is configured with AUL-specific PUSCH start offset value range for AUL transmission. The randomly generated offset within a specific range is supported for an AUL UE.
         UE can be separately configured with different value ranges for the AUL transmission outside of eNB’s obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
         For AUL transmissions outside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {16, 25, 34, 43, 52, 61, OS #1}.
         For AUL transmissions inside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {34, 43, 52, 61, OS #1}.
Note: The specific offset that is randomly selected by the UE is not signaled to the eNB.


Agreement 2:   
When an AUL UE is allocated to occupy partial channel bandwidth, i.e., not all the interlaces, the UE is RRC configured with exact AUL-specific PUSCH start offset value for AUL transmission. 
•       UE can be separately configured with different value offset for the AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
•       The set of values for AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT are the same as those defined for AUL UEs configured to occupy the full channel bandwidth.





Remaining Discussions on AUL channel access mechanism

Sharing AUL obtained MCOT with eNB
   The ETSI BRAN harmonized standard allows the channel access initiating device to grant an authorization to one or more associated responding devices to transmit on the current operating channel [4]. That said, the AUL UE can share the acquired MCOT with the eNB. Therefore, the following proposal is made, which is a revisited version of the proposal in [5]:

Proposal 1: 
A UE initiated COT using Cat4 LBT can be shared with the eNB to allow PDCCH only transmission carrying DL control information.
· For PDCCH transmission within a UE acquired COT, the PDCCH transmission is limited to a partial ending subframe of up to 3 OS length.
· The eNB can utilize the COT acquired by the AUL UE to transmit DL control information only if it starts transmission within 25 us from the end of the AUL burst.
· eNB does not need to perform LBT within a UE acquired COT if the gap is <= 16 us.
· eNB uses type 2 channel access (25 us LBT) within a UE acquired COT if the gap <= 25 us.
· UL-DL-UL sharing is not allowed. 
· The remaining MCOT is indicated to the eNB through the AUL-UCI.

	Company
	Views

	Intel Corporation
	According to regulation, the MCOT initialized by any UE can be shared with eNB. Similarly to the reverse direction protocol optionally used in 802.11n, where MCOT can be shared with an AP without the need of power control, a UE can share the MCOT with eNB for PDCCH only transmission carrying DL control information. In order to politely access the channel, type 2 channel access can be performed by the eNB prior to perform PDCCH transmission if the gap between UL and DL is <= 25 us. The eNB does not need to perform LBT, as stated by the ETSI BRAN regulation [4], and as done by Wi-Fi when adopting the reverse direction protocol, if the gap is <= 16 us. Also no DL transmission should be allowed if the UL-DL gap is larger than 25 us. The remaining MCOT can be indicated to the eNB through the AUL-UCI, and it would be up to the eNB on whether or not to transmit in the shared MCOT. 
UL-DL-UL should not be allowed, even though from our understanding the reverse direction protocol in Wi-Fi performs a continuous switching among devices with the aim to efficiently transfer data between two 802.11 devices within a TxOP by eliminating the need for either device to initiate a new data transfer.

	Ericsson
	Our understanding is that UL to DL MCOT sharing without gap is not very different from reverse grant supported by Wi-Fi. Here we list some facts about reverse grant: 
· Reverse grant is a feature specified by Wi-Fi since .11n
· There are, in fact, some chips in the market that support this feature. e.g. 
· RT3090BC4 , RT3352, RT3070/RT3071/RT3072, RT2800 all from Ralink.  
· Cisco Edge 340
· Some aspects of interest: [copied from IEEE Std 802.11-2016]
· The RD initiator sends its permission to the RD responder using a Reverse Direction Grant (RDG)  […] A bit is used by the RD initator for granting permission (RDG) to the RD responder, and it is used by the RD responder to signal whether or not it is sending more frames immediately following the one just received (More PPDU).
· The first (or only) PPDU of the RD response burst contains at most one immediate BlockAck or Ack frame. The last (or only) PPDU of the RD response burst contains any MPDUs requiring a response that is an immediate BlockAck or Ack frame.
· The RD responder shall transmit Data frames of only the same AC as the last frame received from the RD initiator. 
· During an RD response burst any PPDU transmitted by an RD responder shall contain at least one MPDU with an Address 1 field that matches the MAC address of the RD initiator, and the inclusion of traffic to STAs other than the RD initiator in a VHT MU PPDU shall not increase the duration of the VHT MU PPDU beyond that required to transport the traffic to the RD initiator.
· The RD responder shall not transmit any frame causing a response after SIFS with an Address 1 field that does not match the MAC address of the RD initiator.

If we map those requirements to the UE sharing COT with the eNB, this would mean: 
· No gap between the UL and DL part. 
· In terms of priority class, its similar to eNB to UE sharing (eNB should follow the same/higher priority class that was used to initiate the MCOT by the UE) 
· eNB should not transmit beyond the indicated remaining COT by the UE
· eNB should send at least data/control to the UE initiating the COT. 
· eNB cannot share the indicated remaining COT with other UEs. 

Accordingly, we would like to revise the proposal in [5] to: 
Proposal: 
[bookmark: _Hlk498706100]A UE initiated COT using Cat4 LBT can be shared with the eNB  
· UE implicitly or explicitly indicates the duration of the remaining part of the COT that can be used for DL transmission.
· eNB does not need to perform LBT within a UE acquired COT if the gap is <= 16 us.
· eNB uses type 2 channel access (25 us LBT) within a UE acquired COT if the gap <= 25 us.
· The DL part starts immediately after the UL transmission and should not continue beyond the last indicated end of the shared COT. 
· All DL subframes indicated by the UE within a UE acquired shared COT are contiguous.
· The eNB may send DL control/data information to any UE within the indicated DL subframe.
· The DL transmission carries at least control information for the UE initiating the COT.
· The type of the traffic that can be carried in the DL part of the UL shared COT belong the same or higher LBT priority class that is used by the UE to access the channel.
· UE indicates LBT priority class and the remaining COT via UCI.

[Response to Broadcom]
1. We assume that a mechanism having become part of the IEEE 802.11 standard is an indication for thorough technical analysis and coexistence considerations. Therefore, we believe it is irrelevant to discussion whether a technical concept has found widespread use or not.
2. The IEEE 802.11n-2009 amendment introduced the Reverse Direction Protocol (RDP) into the IEEE 802.11 standard. We identified various products implementing RDP. Without quantitative market data it is infeasible to know if a certain IEEE 802.11 feature is widely used or not.
3. Should certain IEEE 802.11 mechanisms have questionable effects we believe the IEEE 802.11 Working Group will use its well-defined schemes of marking such mechanisms as deprecated or obsolete resp. remove such mechanisms from its standard. To our best knowledge, there has never been any attempt to remove RDP from the 802.11 standard.
4. IEEE Std 802.11-2016 mentions the following: 
i. During an RD response burst any PPDU transmitted by an RD responder shall contain at least one MPDU with an Address 1 field that matches the MAC address of the RD initiator, and the inclusion of traffic to STAs other than the RD initiator in a VHT MU PPDU shall not increase the duration of the VHT MU PPDU beyond that required to transport the traffic to the RD initiator.
Therefore, we agree that the respond should reply with at least control/data to the initiator, if any.
5. we also agree that the DL data should follow the same priority class or higher, but not lower than the one used to initiate the COT.
6. AUL is essentially introduced to accommodate the scheduled delay. The price of that is to give UE control in terms of when and for how long the channel is occupied.  It is true that the eNB can decide to activate AUL for a subset of the UEs and it can use all available information to select this subset. BUT: 
i. The eNB cannot “instruct” the UE to start COT acquisition, the COT is triggered when UL data is available for transmission. Totally up to the UE. 
ii.  As long as the UE is allocated AUL resources, it is up to the UE to decide on how long it will transmit (of course up to maximum MCOT duration), and if it wished to share the MCOT.  The eNB cannot force the UE to give up part of the COT.  The eNB cannot access the channel using 25 µs unless allowed and indicated by the UE in the uplink control information (UCI).
7. With 802.11e (a prerequisite for 802.11n and 802.11ac), management messages (beacon, association, probe, action frames etc.) are sent through Access Category Voice (AC_VO). Table 15 in clause A.4 of Wi-Fi Alliance's WMM specification explains that an AP uses AIFSN equal to 1 for AC_VO. This means that an AP's AIFS (the name of the AC dependent deferral period) is equivalent to 25 µs (16 µs + 1 × 9 µs). Of course, 802.11 management frames are sent using contention based access. However, AC_VO defines a minimal contention window (CWmin) of [0 … 3]. This means that in 25 % of all management frame transmission cases the AP transmits the control frame immediately after PIFS (25 µs) because the randomly chosen backoff slot counter is equal to zero. 

Accordingly, we propose the following alternative to our initial proposal. 

Proposal 2: 
1. A UE initiated COT using Cat4 LBT can be shared with the eNB 
2. To utilize the COT acquired by the AUL UE, the eNB must send at least DL control information to the UE which acquired the COT within the indicated DL subframes.
3. The eNB may send control information or data to any UE provided that the transmission duration does not exceed the minimum time required to transmit control and data to the UE which acquired the TXOP.
4. The type of the traffic that can be carried in the DL part of the UL shared COT belong the same or higher LBT priority class that is used by the UE to access the channel.
5. Short gaps (up to 2 OS) between UL and DL subframe are allowed similarly as in (e)LAA 
6. eNB does not need to perform LBT within a UE acquired COT if the gap is ≤ 16 µs.
7. eNB uses type 2 channel access (25 µs LBT) within a UE acquired COT if the gap ≥ 25 µs.
8. UL-DL-UL sharing is not allowed. 
9. The remaining MCOT and LBT priority class is indicated to the eNB through the AUL-UCI. 


	Huawei, HiSilicon
	Basically agree with the principle except the 2nd, 3rd and 4th bullet.
Note that there is no restriction for gap<=25us between DL and UL for DL MCOT sharing to UL in R14 eLAA. Following the same rule, there should not be such restriction for AUL sharing to DL. On the other hand, considering there is no legacy method to create 25us level flexible position for DL start or UL end, it is hard to create 16us gap or 25 us gap between AUL end and DL start. Dropping the last OS of the AUL burst could help to make a gap for eNB to perform Cat.2 channel sensing.
In addition, we think the PDCCH sharing the UL MCOT chould be either UL grant or AUL-DFI. The TPC or other information in PDCCH should also be valid besides HARQ-ACK. If the PDCCH is UL grant, the scheduled PUSCH should use Cat.4 LBT.

	Broadcom
	We are open to enabling UE to eNB COT sharing also to expedite the timely transfer of AUL-DFI. However, such a scheme should be fair to Wi-Fi. 
Some companies have pointed to the Reverse Direction Protocol (RDP) used in Wi-Fi to justify the inclusion of UE to eNB COT sharing in LAA. Please note the following in this regard:
1. Reverse Direction Protocol (RDP) is not commonly used in Wi-Fi.
2. Even when RDP is used and when the Initiator hands over the COT to the Responder, 
a. The Responder can transmit data only to the Initiator. Transmission to other devices can only happen in an MU-MIMO fashion and without increasing the duration of transmission beyond the minimum required to transmit only to the Initiator. 
b. The Responder can only transmit data of the same priority class as the last packet received from the Initiator.
c. When the Responder completes data transmission, the Initiator terminates the session by transmitting an ACK.
3. RDP is not aided by any information available over a licensed channel. For example, the RDP Initiator cannot be instructed by the RDP Responder to start the COT acquisition. In case of AUL, the UE is enabled by the eNB to acquire a COT and the timing of this acquisition as well as which UEs may compete is governed by the eNB. Furthermore, the eNB is furnished with a lot of information over the licensed channel regarding the interference conditions of all UEs.  This is very different from the distributed nature of operation in case of Wi-Fi RDP.
Some companies have also noted that UE-to-eNB COT sharing is allowed by ETSI. 
Huawei has additionally noted that in this case the gap between UL and DL transmission need not be restricted to <= 25us and that gaps of longer duration are/should also be allowed.
In this regard, please note that the text in ETSI-BRAN EN 301 893 is generic and technology neutral. So, it does not use words such as eNB/UE/AP/STA etc.  However, as we have mentioned before, please note that the concept of a shared/paused COT in ETSI-BRAN was introduced only to accommodate the following for LAA: 
1. The scheduled nature of LAA UL which would otherwise require two CAT4 LBTs if a discontinuous and paused COT is not allowed. 
2. The COT wastage that would otherwise happen due to the grant-to-transmission delay in scheduled LAA UL transmissions. 
The generic text in EN 301 893 is necessitated due to technology neutrality and should not be used by LAA (or by other unlicensed access technology including Wi-Fi) to gain an unfair channel access advantage over others. For this reason, restrictions on the usage of such a shared/paused COT were introduced in RAN1 in order to ensure that the shared COT procedure is utilized only to overcome the aforementioned constraints in LAA UL. For example, it was required that LAA UL transmissions within such a shared COT are scheduled consecutively. This was done in order to prevent the shared/paused COT from being used to transmit multiple UL bursts spaced apart in time with 25us LBT, say to transmit UL voice packets with 25us LBT and 20ms apart.

[Response to Huawei]: Given that a shared/paused COT was introduced only to accommodate points 1 and 2 above, there is no technical need for LAA to use this procedure for the following schemes:
1. AUL transmissions with 25us LBT within a COT shared/paused by the eNB.
2. eNB transmissions with 25us LBT within a COT shared/paused by a UE.

If a procedure defined to accommodate protocol restrictions in LAA scheduled UL are used in other scenarios, they also have to be balanced against the requirement of being fair to Wi-Fi. 
We have in principle agreed to AUL transmissions with 25us LBT within an eNB COT in order to enable a common LAA channel access design between LAA SUL and AUL.
However, for eNB transmissions with 25us LBT within a COT shared by a UE and with a gap > 25us, please note the following: 
1. There is no equivalent procedure in Wi-Fi and no absolute protocol need for LAA to utilize this procedure, unlike for LAA SUL.  
2. If the eNB is allowed to transmit many types of control messages within such a shared COT, it will let LAA gain an unfair channel access advantage over Wi-Fi which transmits all its control messages with CAT4 LBT with the exception of the Traffic Indication Map and Channel Switch Announcement which are typically transmitted < 1% of the time per AP. Equivalently, LAA already has DRS transmissions with 25us LBT that can be transmitted up to 5% of the time per eNB. 
 
Given the above points, we propose to modify Proposal 4 from Intel as follows (for ease of identification, the modifications are highlighted in yellow)

1. A UE initiated COT using Cat4 LBT can be shared with the eNB to allow PDCCH only transmission carrying DL control information.
2. For PDCCH transmission within a UE acquired COT, the PDCCH transmission is limited to a partial ending subframe of up to 3 OS length.
3. The eNB must send AUL DFI to the UE which acquired the COT within the indicated DL subframe.
4. The eNB may send control information (AUL-DFI or PDCCH) to any UE provided that the transmission duration does not exceed the minimum time required to transmit AUL DFI and PDCCH control information to the UE which acquired the TXOP.
5. The eNB can utilize the COT acquired by the AUL UE to transmit DL control information only if it starts transmission within 25 us from the end of the AUL burst.
6. eNB does not need to perform LBT within a UE acquired COT if the gap is <= 16 us.
7. eNB uses type 2 channel access (25 us LBT) within a UE acquired COT if the gap <= 25 us.
8. UL-DL-UL sharing is not allowed. 
9. The remaining MCOT and LBT priority class is indicated to the eNB through the AUL-UCI.

The above proposal accommodates the following salient points: 
1. UE-to-eNB COT sharing is used for the following purposes:
a. Transmission of control messages by the eNB to the UE that wins the COT, including expedited transmission of AUL-DFI. 
b. Transmission of control messages by the eNB to other UEs without increasing the minimum time required to transmit control messages to the UE that wins the COT.
2. This also ensures fairness with respect to Wi-Fi that transmits all control messages with CAT4 LBT with the exception of the Traffic Indication Map and Channel Switch Announcement. Please note that the proposed UE-to-eNB COT sharing now further allows additional control message transmission by the eNB with 25 us LBT, a procedure which is not available to Wi-Fi.
3. An eNB does not use the UE-to-eNB COT sharing procedure to circumvent channel congestion around it by making a UE that faces less congestion (the eNB is aware of the congestion observed by all its UEs and this information is communicated on the licensed channel) to win the channel with much higher probability, transmit for some time and then hand over the COT to the eNB for transmission of any control message or data to any UE with only 25us LBT. This ensures equivalence with the distributed nature of Wi-Fi RDP.
Response to Ericsson (2):
1. For any proposal that impacts channel access, in order to ensure fair coexistence with Wi-Fi, LAA must do either of the following:
a. Follow the corresponding Wi-Fi procedure fully. Doing so ensures fair coexistence by default.
b. If LAA only partly follows the corresponding Wi-Fi procedure and partly includes additional flexibilities that are not used in Wi-Fi, LAA also has to introduce additional checks to ensure that fair coexistence is maintained.
2. So, if the Wi-Fi Reverse Direction Protocol (RDP) is cited by Ericsson to argue for: 
a. No limitations on the duration of the COT shared by the UE with the eNB (other than MCOT – duration already used by the UE)
b. Transmission of data by the eNB within such a shared COT.
c. Transmission of control and data to UEs other than the UE that won the COT
then in order to ensure fair coexistence, LAA must also follow the corresponding Wi-Fi RDP procedure fully. This would mean the following:
a. The gap between the UL and DL transmission within such a shared COT has to be exactly SIFS = 16us as in Wi-Fi RDP. So, a paused COT cannot be used.
b. The eNB can transmit data to other UEs only in an MU-MIMO fashion as in Wi-Fi RDP. This is because in Wi-Fi, transmission of data within an RDP to clients other than the RD-Initiator can only be done in an MU-MIMO manner. This restricts the number of such clients and also makes such transmission very sensitive to the nature of the channel. This is certainly not the same as UE multiplexing by an LAA eNB which can for example transmit data to the UE that won the COT on only 10 PRBs while other 90 PRBs can be used for transmission of any kind of data to any other UEs.
c. The granularity of minimum duration should be similar to Wi-Fi. This is because, since the flexibility to transmit data to other UEs is available without increasing the minimum duration required to transmit to the UE that won the COT (or the RD-Initiator) clearly the granularity of minimum duration is very important in determining the degree of such flexibility. 
i. Wi-Fi ends its data transmission at the next 4us boundary once the transmission of data to the RD-Initiator is over.
ii. LAA on the contrary can end its transmission at 0/3/6/9/10/11/12 symbol boundaries which are 0/273/426/639/710/781/852 us. 
iii. As per current LAA DL design, standalone partial subframes are not supported; so the “minimum” duration can be even longer in LAA relative to Wi-Fi.
iv. DL partial subframes are an optional feature in LAA.
So, unless changed in this release, the granularity of minimum duration is even higher than 100x for LAA relative to Wi-Fi.
d. Data of only the same priority class as that used by the UE that won the COT (and not higher) can be transmitted by the eNB and the amount of data of only this priority class available for transmission to this UE shall be used to calculate the minimum duration of transmission. 
To summarize, it is only a valid proposal if LAA follows the Wi-Fi RDP scheme fully, especially in terms of a) to d) above which are important for channel access and hence, fair coexistence.
3. On the contrary, since Ericsson’s proposal is for LAA to only follow certain aspects of Wi-Fi RDP while also having the flexibility to implement other procedures that are not available to Wi-Fi RDP, we reiterate our proposal stated earlier and marked in green above.
4. Please note the following additional points:
a. We disagree with the reasoning provided by Ericsson regarding transmission of management/control messages in Wi-Fi with CAT4 LBT and priority of AC-VO. Use of AC_VO for transmission of control messages in Wi-Fi does not mean that the Contention Window Size (CWS) is always limited by CWMin = 3 and hence a 25us LBT is performed with 25% probability for transmission of such messages.  This is because, errors in the transmission of data with AC_VO can cause the CWS to increase up to CWMax = 7 and hence it is possible for a 25us LBT to be performed with only a 12.5% probability. Further, irrespective of the actual percentage value, this procedure of transmission of control messages by Wi-Fi with CAT4 LBT is clearly much more conservative than the use of a fixed 25us LBT for transmission of messages by the LAA eNB, which can be enabled by the COT sharing scheme being proposed here. In fact, it was a conscious decision in the LAA Work Item to use 25us LBT and not AC_VO for DRS as DRS was believed to be a higher priority message and it was captured in the Stage 3 specification to limit its transmission frequency.
b. We disagree with the reasoning provided by Ericsson that an AUL UE cannot be controlled by the eNB.   The UE can be controlled by the eNB for both of the following: a) start COT acquisition and b) share a part of its COT with the eNB.  This can be enabled, for example, by activating AUL for UE(s) whenever the eNB needs to share their COT and by configuring AUL resources with a much higher periodicity than what is required to support the necessary data rate at the UE with full COT utilization. Please also note that nothing in the standards precludes a UE from utilizing a COT partially and subsequently attempt repeated channel access in configured AUL opportunities instead of using a COT fully and ignore additional AUL opportunities. The decisions on which UEs can be configured for AUL also lies with the eNB. All of the above are also easily facilitated by the presence of low data rate background traffic in most UEs that are never capable of utilizing the full AC_BK/AC_BE MCOTs

	Nokia, Nokia Shanghai Bell
	We are supportive of allowing UE initiated COTs using Cat4 LBT to be shared with the eNB, if the related details can be concluded during the WI timeline.

	CableLabs
	As we extensively discussed in the last f2f meeting, we have some concerns about the implications of this proposal on the coexistence with WiFi. 
We do not agree that RDP in WiFi is similar to the proposal here. RDP in WiFi is mainly used in scenarios similar to D2D communication in LTE. Even if it is used between a STA and an AP, which have disproportionate TX power levels, WiFi backoff mechanism does not depend on the TX power. On the other hand, ED threshold value in LAA/eLAA scales with the TX power. Therefore, the UE having a lower TX power will be less sensitive to other transmissions compared to the eNB and it would not be fair eNB to use remaining COT to transmit without any constraints. 
We also do not agree that eNB cannot control sharing of COT acquired by the UE. It is possible for eNB to know buffer status of all UE’s and configure them for AUL transmission. This increases probability of having a spare COT duration since many UE’s content for the channel. Please also note that this mechanism can harm performance of not only WiFi but also other LAA/eLAA deployments.  


	Qualcomm
	Given the current divergence in the discussion with respect to transmission of PDSCH by the eNB and the limited time available, we are ok with the proposal to limit the transmissions by the eNB in the UE acquired to only PDCCH transmissions even though we prefer to have at least transmissions to the UE which acquired the TxOP (or one of the UEs if multiple UEs acquire the TxOP at the same time). 
However, we propose that there should no restriction on the PDCCHs, i.e., the eNB can send the PDCCH to many different UEs (ex. Other UL grants, or AUL-DFI etc or activation/deactivation messages for AUL etc.). 



Summary of the discussion on Proposal 1:
Seven companies shared their views. Six companies supported the proposal in principle and only one company objected due to the possible transmission power difference between the UE and eNB. Among the six companies that support this proposal, the controversial part is on whether data transmission should be allowed on the remaining MCOT acquired by an AUL UE or not and whether a gap is allowed between UL and DL transmission, while it is common to willingly allow the eNB to transmit control information. Based on the situation, the recommendation for Proposal 1 is to revisit it during the meeting upon further discussion.

AUL within eNB acquired MCOT

    In RAN1 #90, it was agreed to choose one option between the two options, as copied below, regarding the allowance of AUL within the eNB acquired MCOT, but during the RAN1 #91 an agreement was not captured. 

	RAN1 #90 (R1-1715191 [6], which was agreed.)	

	One of the following options will be chosen:
· Option 1: Autonomous Uplink in FeLAA shall not use Type 2 channel access (25us LBT) as a part of a shared COT acquired by the eNB. 
· Option 2: The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 
· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*
· AUL transmissions of a UE within the shared COT are contiguous*
· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)
· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe
· DL-UL-DL switch is not allowed within a single COT
· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA


In the following, it is proposed to choose Option 2, as it was seen to be a majority view either during the discussions in RAN1 #90 or following discussions on this topic. 

Proposal 2: 
· Option 2 in R1-1715191 is chosen. 

	Company
	Views

	Intel Corporation
	Option 2 will allow more chances for AUL transmission. The eNB can acquire MCOT to facilitate the AUL transmissions. Furthermore, eNB can flexibly configure the starting position of SUL and AUL, so as to reduce the impact from AUL to SUL.
Following what it is done for eLAA, there is no need to update the CWS at the eNB when there is no PDSCH transmission in the COT. 

	Ericsson
	We support option 2. 
In case of no PDSCH transmission, the following agreement was made during eLAA: 
Agreement: (RAN1#86)
If the eNB schedules UL transport blocks with 25 us LBT in a shared channel occupancy without scheduling any DL transport blocks and if less than 10% of the scheduled UL transport blocks have been received successfully, the eNB increases its contention window size, otherwise the eNB resets its contention window.

It is different case for the AUL since even if the eNB allow AUL transmission within the indicated period, the AUL might not have data to transmit. In our view, only if the eNB detects the AUL transmission within the indicated UL transmission, the eNB may take the AUL transmission in consideration when updating the contention window.   

	Huawei, HiSilicon
	Option 2 is preferred.
DL to AUL sharing within DL MCOT should follow the same principles for DL to UL sharing as adopted by eLAA, including the following two restrictions:
1. The AUL UE selects the AUL channel access priority class, P_AUL, by taking into account the lowest priority QCI in a LCP (similar to 36.300, Sec. 5.7.2)
    - By this restriction, the AUL UE can transmit following the same rule with DL data multiplexing in 36.300 5.7.2. Note that AUL transmission with Cat.4 LBT also needs to generate this P_AUL and satisfy this restriction.
2. The AUL UE shall not transmit more subframes than the minimum necessary to transmit all the traffic corresponding to the selected channel access priority class or lower, than the channel access priority class used by the eNB (similar to 35.300, Sec. 5.7)
    - To satisfy this restriction, the eNB should inform the priority class, P_DL, in CPDCCH (similar to eNB indicates priority class in UL grant in R14), where P_DL can be generated by the legacy rule in 36.300, Sec. 5.7 and Sec. 5.7.1. Considering that eNB may not have BSR of the AUL UE, P_DL may not take into consideration of AUL traffic type. Thus it should be ensured by AUL UE not to violate this restriction. When detecting the CPDCCH, the AUL UE can only transmit AUL burst within DL MCOT if AUL priority class P_AUL <= P_DL. Otherwise the AUL UE is not allowed to transmit AUL burst within the DL MCOT.

	Broadcom
	We support Option 2 as long as the principles of COT sharing and fair coexistence similar to those agreed for Rel 13 and Rel 14 Scheduled UL are adopted. Given this:
1. AUL transmissions within a shared COT must follow the same traffic multiplexing principles as were agreed in Rel 13 and 14 and as are also required by ETSI EN 301 893. We have included this as Proposal 6 below. 
· [Response to Huawei] We in-principle support the procedure suggested by Huawei as it satisfies the traffic multiplexing map while reducing the changes to the RAN2 specification. However, we feel that it may be better for RAN1 to only agree to the broad directive in Proposal 6 and let RAN2 decide on mechanisms to implement them. This is because suggesting changes to a RAN2 specification may be outside the scope of RAN1.
2. In case of no PDSCH transmission, CW shall be increased if less than 10% of the UL transport blocks configured through AUL have been received successfully, else the CW will be reset. The eNB not detecting any UL transport block will be considered NACK. This is the same CW update procedure as used for Rel 14 Scheduled UL (SUL). 
· We do not agree that UL transmission errors should be considered only in case such transmissions are detected by the eNB. This is because UL interference in unlicensed spectrum operations can cause UL transmissions to be received at SINRs much lower than what can be detected at the eNB via UL DMRS. For example, if we use the 3GPP Indoor model, S/I is < -30dB if the interferer is 10m away from the eNB (and LOS to the eNB) while the desired UE is 40m away (and NLOS to the eNB). Similarly, S/I ~= -40dB if the desired UE is 60m away. If the CW is updated only if the DMRS is detectable at the eNB, it will make the CW update procedure unresponsive to UL transmission errors in the presence of high interference.
· We do however understand that there is a possibility that AUL transmissions may not happen if the AUL UE(s) do(es) not have data to transmit and this may lead to “false” CW updates in case there are also no PDSCH transmissions within the shared COT. However, for the reasons cited above, one cannot adopt a solution that makes the CW update procedure insensitive to UL errors in high interference and is hence unfair to Wi-Fi which updates its CW in similar circumstances. So, we are open to other alternatives that can ensure appropriate CW update.
 

	Nokia, Nokia Shanghai Bell
	We support Option 2.

	CableLabs
	We support Option 2 as long as traffic multiplexing rules as defined in Release 13 and 14 are followed. 

	Qualcomm
	Option 2 is preferred as it allows for further opportunities for channel access and data transmission. The AUL starting positions are configurable to enable SUL to have a higher priority for channel access within the TxOP. 

[bookmark: _Hlk505785946]CW update considerations: 
Case 1: eNB transmits PDSCH within the TxOP and UL part of the TxOP overlap with some configured AUL resources: In this scenario, as in Rel-14 LAA, the UL transmissions are not considered for CW update at the eNB. 

Case 2: eNB does not transmit any PDSCH within the TxOP and UL part of the TxOP overlaps with configured AUL resources: In this case, as discussed in previous comments as well, the main issue is how to handle CW update at the eNB. In Rel-14, the CW update is performed only if less than 10% of scheduled UL TBs are successfully received. 

One possibility is to only consider DMRS based detection (or AUL-UCI detection) for the eNB to determine whether some UEs have transmitted on the UL. However, this has the downside with a hidden interferer at the eNB to the UE, detection may fail resulting in no CW update even when the UL TB is not successfully received. On the other hand, this could also be because no UEs have transmitted on the UL, in which case this results in an unnecessary CW update at the gNB. 
An eNB is not expected to schedule a TxOP with no DL PDSCH in LAA, unless it is confident (say from BSR reports) that there is an UL traffic for some UEs. In this case, the eNB may as well schedule some transmissions on the UL once it has accessed the medium and not exclusively depend on AUL transmissions from the UEs. Using this insight, we propose the following compromise:
· An eNB shall not transmit a TxOP in which there is no DL PDSCH and no UE’s UL has been scheduled. 
· The scheduled UL TBs are used to update the CW
· If the eNB detects AUL transmissions from some UEs, they are also included in the CW update procedure. 



Summary of the discussion on Proposal 2:
Seven companies shared their views. All companies supported this proposal in principle. Three companies highlighted that a CWS adjustment mechanism is needed when no PDSCH transmission is performed. For two companies the agreement on this proposal is conditional to proposal 4. The following possible agreement is derived:


Possible Agreement: 
The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH. 
· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*
· AUL transmissions of a UE within the shared COT are contiguous*
· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)
· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe
· DL-UL-DL switch is not allowed within a single COT
· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
· FFS: CW update at the eNB when there is no PDSCH transmission in the COT 
* Short gaps (up to 2, FFS 3 symbols) between subframes are allowed similarly as in (e)LAA

About the FFS point, it is proposed to further discuss during next RAN#92 meeting. 


CW update for AUL
During the RAN1 #91 meeting, the agreements copied below [1] were made: 

	RAN1 #91 (R1-1721269 [2], which was agreed.)	

	Agreements:
· If the UE receives a UL grant or an AUL-DFI, the contention window size for all the priority classes is adjusted as following:
· The contention window size at the UE is reset for all the priority classes if: 
·  A UL grant is received and the NDI bit for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref is toggled ; OR
· An AUL-DFI is received and indicates ACK for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref
· The contention window size of all priority classes at the UE is increased to the next higher value if:
· A UL grant is received and the NDI bit(s) of all the active HARQ processe(s) for the reference subframe are not toggled; OR
· A UL grant is received and does not schedule any active HARQ process (i.e. TB not disabled) for the reference subframe; OR
· An AUL-DFI is received which does not indicate ACK for at least one of the active HARQ processes for the reference subframe.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts. 
· K is selected by UE implementation from the set of values from (1, …, 8).
· The NDI value(s) received in the UL grant or the HARQ-ACK value(s) received in the earliest AUL-DFI after n_ref+3 is used for adjusting the CWS, where n_ref is the reference subframe.
· HARQ_ID_ref is the HARQ ID of n_ref.
· RAN1 shall specify the CWS adjustment for the case of no A/N reception until which the UE is not allowed to perform Cat.4 LBT and transmit AUL in case of no A/N or UL grant reception.
· FFS: Handling of ACK/NACK or UL grant in case multiple consecutive recent Cat.4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant.




In order to follow what was agreed above, and to facilitate the discussion related to the CWS adjustment for the case when there is no ACK/NACK or UL grant reception, the following proposal is made:

Proposal 3: 
· If neither UL grant nor AUL-DFI is received, the CWS remains unchanged until the UE is not allowed to perform Cat.4 LBT and (re)transmit AUL.
· If multiple consecutive Cat. 4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant:
· CWS remains unchanged until the UE is not allowed to perform Cat. 4 LBT and (re)transmit AUL if in the meanwhile no AUL-DFI or UL grant is received, and any AUL bursts transmitted earlier in time than the instance of latest CWS update will not be considered for further CWS updates.
· CWS is updated accordingly, if an AUL-DFI or UL grant for one of the AUL burst is received, and any AUL bursts transmitted earlier in time than the instance of latest CWS update will not be considered for further CWS updates.

	Company
	Views

	Intel Corporation
	In our opinion, when neither an UL grant nor AUL-DFI is received, there is no need to update the CWS until the RTT timer expires. Upon expiration of the timer, the CWS can be increased, and upon acquisition of the channel, the UE performs an AUL transmission. 
In the case multiple consecutive Cat-4 LBT AUL bursts are performed without waiting for any AUL-DFI or UL grant, we need to consider two cases:
1. No AUL-DFI or UL grant is received until the retransmission timer expires: in this case the CWS must remain unchanged until the retransmission timer expires for the first AUL burst, while upon expiration the CWS is increased. Any AUL bursts  transmitted prior to the latest CWS updated will not be considered for any subsequent CWS updates;
2. AUL-DFI or UL grant is received while multiple AUL bursts occur: in this case, upon reception of the AUL-DFI or UL grant, the CWS must be updated, and any AUL bursts transmitted prior to the latest CWS updated will not be considered for any subsequent CWS updates.

	Ericsson
	The proposal is not clear to us. The UE is allowed to perform multiple consecutive CAT4 LBT. Yet, the CWS is adjusted only if feedback is received. Is our understanding correct?  
In our view: 
The contention window size of all priority classes at the UE is increased to the next higher value if:
· A Category 4 LBT UL (SUL/AUL) transmission is initiated at least N subframes after the start of a previous Category 4 LBT UL(SUL/AUL) transmission without the reception of any UL grant or AUL Downlink Feedback Information in between.
· FFS: the exact value N

This means that the reference subframe is the first subframe of the most recent UL (SUL/AUL) burst of contiguous subframes that is transmitted after performing a category 4 LBT procedure at least N subframes prior to the AUL transmission.

If UL to DL MCOT sharing is supported, we think that N =6 would be a reasonable value. Otherwise, if UL to DL sharing is not supported, a larger N value is preferred.   

	Huawei, HiSilicon
	From our perspective, the UE starts a timer for each Cat.4 UL burst. If the timer for a Cat.4 UL burst (reference UL burst) expires and no UL grant/AUL-DFI is received for that UL burst, the UE should double CWS before the UE transmits a new AUL burst.
In addition, we should further consider the following questions:
Q1: What is the start of the timer, and what is the length of the timer, N?
[HW] The start of the timer could be the 1st SF of the reference UL burst. We can accept the length of the timer to be N=6ms if UE is allowed to transmit before timer expires without changing CWS as in Q2.
Alternatively, the start of the timer could be 4ms after the 1st SF of the reference UL burst as the HARQ-ACK in between is no valid for the reference UL burst. And N=2ms correspondingly.

Q2: Whether the UE is allowed to transmit AUL burst without changing the CWS before the timer expires and no UL grant/AUL-DFI is received?
[HW] Yes. Considering the HARQ-ACK feedback delay is 4ms but the MCOT length is 2ms for class 1, the channel utilization is critically harmed if the UE has to wait at least 2ms for HARQ feedback or double CWS after every short AUL burst if the UE has class 1 traffic.
Note that ETSI BRAN regulation requires that UE must adjust CWS after every UL burst. To comply with the regulation, we think the value of N could be a configurable value. E.g., the eNB can configure this timer to be 0ms length if it works in EU. In addition, for the carrier where the absence of any other technology sharing the carrier can be guaranteed, this timer can be configured to be longer than 6ms.

Q3: How will the UE do if there are additional Cat.4 UL burst(s) with expired timer and no UL grant/AUL-DFI reception besides the reference UL burst? E.g., UE transmits UL bursts in SF k and k+2, and the UE wants to transmit on k+10 before which no UL grant/AUL-DFI is received.
[HW] The behavior is similar to the DL CWS adjustment based on reference SF in R13. The UE finds the reference UL burst as k+2. Thus the UE only doubles CWS once on k+10.

	Broadcom
	The text of the proposal is ambiguous and should be clarified further. The proposal text (while ambiguous) seems to contradict the spirit of what was agreed in RAN1 #91. Following was the agreement: 
“RAN1 shall specify the CWS adjustment for the case of no A/N reception until which the UE is not allowed to perform Cat.4 LBT and transmit AUL in case of no A/N or UL grant reception.
	FFS: Handling of ACK/NACK or UL grant in case multiple consecutive recent Cat.4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant.”
Our intention in proposing and agreeing to the above was to ensure that until there is consensus on the value N in the following proposal from the previous meeting there would be no consecutive Cat4 LBT transmissions without any AUL DFI or UL grant in between.  Proposal 1 does not address the value of N and also rules out the possibility of multiple reference subframes. This is against any principles of fair coexistence. We suggest the following alternative (underlined) which is in line with the general discussions from at least 2 previous meetings and email discussions:
“The contention window size of all priority classes at the UE is increased to the next higher value if:
· A UL grant is received and the NDI bit of the active HARQ processes of HARQ_ID_ref is not toggled ; OR
· A UL grant is received and does not schedule HARQ_ID_ref; OR
· An AUL Downlink feedback information is received and indicates NACK for the active HARQ processes (i.e. TB not disabled) of HARQ_ID_ref; OR
· A Category 4 LBT UL (SUL/AUL) transmission is initiated at least N subframes after the start of a previous Category 4 LBT UL(SUL/AUL) transmission without the reception of any UL grant or AUL Downlink Feedback Information in between, N = 6
· There can be multiple outstanding previous Category 4 LBT (SUL/AUL) transmissions without any UL grant or AUL-DFI” 

[Response to Ericsson] The discussion on UE to eNB COT sharing should be independent of this and there, we are willing to agree to an option that also expedites the transfer of AUL DFI.
[Response to Huawei]
Q1: Agree
Q2: Agree
Q3: We disagree with the understanding that for Downlink, CW update is performed only once and for the latest reference subframe in case multiple consecutive CAT4 LBT bursts are transmitted without any feedback in between. 
· For Downlink, all feedback is available at fixed time instants over the licensed channel. So, the uncertainty regarding the time of availability of feedback is not present in case of Downlink. The absence or ambiguity of feedback is also treated as “NACK” except for some cross-carrier scheduling cases.  Hence, there is no reason not to perform a CW update as soon as the feedback is available. 
· Also, CAT4 LBT can be started by a node at any time before an intended transmission, on successful completion of which the node can go into self-deferral. Hence, the available HARQ feedback should be used immediately for CW update. 
· This is also what is needed to in-principle match the specifications in ETSI-BRAN EN 301 893 that requires a CW update for every transmission burst. 
· So, even for multiple CAT4 LBT AUL bursts transmitted without any feedback/grant in between and spaced less than N subframes apart, the CW update should be performed once for each burst once the feedback becomes available. 
· Please also not note that using only the latest reference subframe burst for CW update makes the CW adaptation slow and does not necessarily ensure that the CW is small. For example, ignoring the feedback for transmissions other than the latest will prevent faster CW reset as well.

	Nokia, Nokia Shanghai Bell
	We are also unsure on whether the proposal is in line with the previous agreements. Given that absence of AUL-DFI or UL grant is anyhow considered as a “NACK” from retransmission point of view, it seems natural to assume the same for CWS adjustment as well. The timer values can be discussed more in the upcoming meeting. 

	CableLabs
	We agree with Broadcom that the agreement in the previous meeting was not to allow any consecutive AUL transmissions until there is an agreement on the CWS update mechanism when there is not any AUL DFI feedback and/or grant.

We think the CWS adaptation mechanism should follow principles as specified in the ETSI BRAN HS. As also agreed by other companies, every burst with a cat-4 LBT should result in an increase or reset of the CWS according to ETSI BRAN. This design ensures that CWS is quickly adapted to collisions or good channel conditions. 

It is understood that there is a delay between the transmission and the corresponding response in LTE. Therefore, it is ok to introduce a timer N to tolerate this delay due to the LTE protocol. However, this exception should not result in ignoring possible collisions between the first AUL burst and consecutive UL transmissions. We think that having multiple reference subframes and separate timers for each outstanding UL burst are needed to achieve a good coexistence behavior and fast adaptation to changing channel conditions.

Considering the uncertainty in the unlicensed band, we agree that the timer value of N=6 is a good design tradeoff when the reference subframe is the first subframe of a burst.        

	Qualcomm
	When the UE does not receive a UL grant or an AUL-DFI within a configured (timer) period, then it can be considered as a NACK automatically for CW update.

The UE should be allowed to perform multiple independent AUL transmissions before receiving the AUL-DFI. If the AUL duration is long enough (ex: >3ms), the eNB may be able to turn around within the UE acquired TxOP and send the AUL-DFI at least for the first AUL subframe to the UE to enable CW updates. If the AUL duration is smaller than 3ms, then the eNB may need to wait for a different TxOP either on its own or acquired by another UE to send the AUL-DFI which make time some time. 

Once the timer expires the UE performs the CW update. The eNB can configure the AUL resources and parameters to avoid extreme scenarios. Therefore, we should introduce conservative values for the timer to be fair to the eNB/UE and also to the overall medium access. A value of N = 10, 15, 20, 25 etc. for the timer can be considered. 



Summary of the discussion on Proposal 3:
Seven companies shared their views. It is the common understanding among companies that a timer needs to be introduced to perform CWS adjustment when no AUL grant or AUL DFI is received for a Cat-4 LBT UL transmission. The timer starts at the beginning of the previous Cat-4 LBT UL transmission, but the specific value to use is still controversial. There is also a convergence in the companies’ views that before expiration of this timer, multiple independent AUL transmissions are allowed. For these reasons, the following possible agreement is derived:

Possible Agreement: 
· A new timer, which starts from the [FFS: start or end] of the previous Category 4 LBT transmission, is introduced. If the UE does not receive any UL grant or AUL DFI upon the expiration of the timer, the CWS of all priority classes is increased to the next higher value. 
· The following values are used depending on the chosen FFS on whether the timer starts from the start or the end of the previous Category 4 LBT.
· The value is 6 ms (or 10 ms when there is no incumbent) plus 4 ms for processing delay, if the timer starts from the start of the previous Category 4 LBT.
· The value is 4 ms, if the timer starts from the end of the previous Category 4 LBT.
· Timer is reset to its initial value upon expiration of the timer. 
· The CWS value is unchanged until the timer expires.
· The UE does not increase the CWS value for the same HARQ_ID_ref upon reception of UL grant or AUL DFI, if the UE already increased the CWS upon expiration of the timer.  
FFS: behavior of the UE when there are additional Cat.4 UL bursts with expired timer.

The exact value of the timer, and the behavior of the UE when there are additional Cat.4 UL burst(s) with expired timer and no UL grant/AUL-DFI reception is received besides the reference UL burst, can be further discussed during the upcoming RAN#92 meeting.
Other Issues 
 If there are other issues that can be potentially discussed within the scope of this email discussion, please describe the issues and possible proposals in this section. 
Traffic multiplexing for AUL within eNB acquired MCOT
Proposal 4:  
The following must be considered to ensure that the UE transmits data of the appropriate priority class in the shared COT. In this case, since there is no explicit grant from the eNB, it is for the AUL UE to ensure that the LBT priority class to traffic type map and the corresponding traffic multiplexing rules are followed (as is the case for Type 1 AUL channel access).  The conditions are as follows:
· For autonomous UL transmission based on 25 us LBT, the channel access priority class is indicated by the eNB.
· The UE will use the LBT priority class to traffic type mapping defined for LAA Rel-13 [36.300 section 5.7.1]
· The multiplexing of data by the UE shall follow the corresponding eNB operation when transmitting DL data in a COT as specified in LAA Rel-13 [36.300 section 5.7.2]

	Company
	Views

	Broadcom
	As stated in our view on Proposal 5, traffic multiplexing rules are integral to any provision for COT sharing. The same is required by ETSI EN 301 893 and has already been adopted for Release 13 and Release 14. The above proposal is an extension of those principles to AUL transmissions within an eNB acquired COT.
In RAN1 #91, there were proposals which suggested that this could also be implemented by simpler mechanisms in RAN2. For example, a packet can be prepared by AUL UE before hand and transmitted only if the priority class of the lowest priority data in the packet is equal to or lower than the priority class used by the eNB to acquire the COT.  
The scheme proposed by Huawei in response to Proposal 5 is an implementation of this procedure and we support this in principle. 
However, we feel that it may be better for RAN1 to only agree to the broad directive in Proposal 6 and let RAN2 decide on mechanisms to implement them. This is because suggesting changes to a RAN2 specification may be outside the scope of RAN1.

	Qualcomm
	For Cat 4 LBT outside or within a eNB TxOP, the UE can select the LBT priority class based on the type of traffic in the buffer and the configured bearers without any signaling by the eNB. 
For 25us LBT within a TxOP, the eNB can signal the LBT priority class it used in the CPDCCH to enable the UE to transmit the right class of traffic

	
	



Summary of the discussion on Proposal 4:
The proposal above has been provided by our colleagues from Broadcom on Friday night, close to the email discussion deadline.  Two companies have commented on this agreement directly on this document, while another two companies have commented directly on the email reflector. The common understanding is that a mechanism to ensure that the UE transmits data of the appropriate priority class in the shared COT is indeed needed, and the afore-listed rules are acceptable in principle by the companies that have participated in this discussion. 
However, it must be remarked and highlighted that RAN2 has provided, in a previous meeting, an LS to RAN1 [7] through which it was stated that the LCP procedure for Rel-15 would not be modified compared to that of Rel-14, and no impact is expected from RAN1.
Based on the situation, the recommendation for Proposal 4 is to revisit it during the meeting upon further discussion.
Conclusion
TBA. 
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