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Introduction
In this document, we discuss the remaining open issues related to UL LBT for eLAA. 
2
CW update mechanism for Cat 4 LBT
In RAN1 #85, multiple options were identified for updating the CW size for Cat 4 LBT at the eNB. If the CW is maintained at the eNB, then the following was proposed
CW update alternative 1:

· For category 4 LBT for PUSCH transmission on LAA SCell,

· CWS is managed by eNB and indicated by UL grant.

· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.

· Reference subframe is the starting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used, for which DM-RS or SRS transmission from the UE is detected and PUSCH decoding is completed.

· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.

· 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 eNB implementation from the set of values from (1, …,8).

And if the CW is maintained at the UE, then the following was considered. 
CW update alternative 2:

· For category 4 LBT for PUSCH transmission on LAA SCell

· The reference scheduled burst is the most recent set of contiguous (i.e. without any gap in between) scheduled UL subframe(s) for the UE that is expected to start after a category 4 LBT and is expected to end at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted

· The reference subframe is the first subframe in the reference scheduled burst where the eNB successfully decodes at least one transport block from the UE.

· The position of the reference subframe within the reference scheduled burst is signaled to the UE in the UL grant in which Cat. 4 LBT is signaled as the LBT type to the UE
· The eNB can also signal that no reference subframe was detected
· If the UE first transmitted in the reference scheduled burst earlier than the signaled reference subframe, the CWSs for all the priority classes are increased.

· If the UE first transmitted in the reference scheduled burst later than the signaled reference subframe, the CWSs for all the priority classes are left unchanged.

· If the UE first transmitted in the reference scheduled burst in the signaled reference subframe, the CWSs for all the priority classes are reset.

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB and RRC configured to the UE from the set of values from (1, …,8).

Finally as part of the email discussion after RAN1#85, the following CW update mechanism was also proposed. 
CW update alternative 3:

· For category 4 LBT for PUSCH transmission on LAA SCell,

· CWS is adjusted at the UE side.

· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Option 1:
· Reference subframe is the starting transmitting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used.
· Option 2: 
· Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used 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 eNB implementation from the set of values from (1, …,8).
We first discuss the pros and cons of each of these methods of updating the CW size. 

In alternative 3, a reference HARQ process is identified and if the next subframe with this reference HARQ process number has its NDI not flipped then the CW is increased. This alternative has a lot of drawbacks due to the fact that the eNB cannot distinguish a failed UE CCA from an incorrect PUSCH decoding from the MAC perspective. The eNB then reschedules the same HARQ process with the NDI not flipped and thus resulting in a CW update at the UE unnecessarily. Our simulations indicate that UE CCA failure is a frequent event and hence this alternative is not suitable. 
Alternative 1, in which the CW is maintained by the eNB, also has similar concerns. As the eNB cannot reliably know whether UE transmitted a packet or not, especially when UL transmission experiences strong interference. This results in a conservative CW update strategy at the eNB which impacts the UL throughput for eLAA. However, from a UE perspective, this is a simpler option the burden of maintaining the CW is shifted to the eNB and the eNB can utilize the CW size information in scheduling the UEs. 

In alternative 2, 
information available at the eNB is signaled to the UE and the UE combines this information with the knowledge of its transmission state to maintain the window size. While there may some errors in determining the reference subframe, the occurrence of these errors seems fairly infrequent. Thus, even though this introduces additional complexity at the UE and some uncertainty at the eNB as to the CW size at the UE, this method is preferable and is the more accurate mechanism. We note that additional signaling from the eNB can be considered to accurately determine the reference transmission burst and reference subframe at the UE. For example, eNB can use 1 bit in each subframe to indicate whether this it was the start of a reference transmission burst or can use one or more bits to indicate in each subframe the exact location of the start of the reference transmission burst. 
Proposal

1. Consider Alternative 2 for CW update at the UE

2. Additional signaling can be considered from the eNB to the UE to accurately indicate the location of the start of the reference transmission burst. 
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Signalling LBT type
The following options were proposed for signalling the LBT type to the UE.
Alternative 1:

· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.
Alternative 2:

· Remaining COT =x as a non-negative integer is signaled in the C-PDCCH of a DL subframe where RCOT  = x in subframe “n” indicates that

· any UL transmission from SF#(n+x) and onwards corresponds to Cat 4 LBT; AND


· any UL transmission after the transmission in SF#n until SF#(n+x-1) can be performed based on CCA of 25 us LBT; 
· The LBT procedure for any UL subframe in SF#n to SF#(n+x-1)  for which the eNB had already indicated to be Cat. 4 LBT, can be switched to an LBT based on 25 µs CCA if an RCOT of value x is detected in C-PDCCH in SF#n.
· If UE PUSCH starting symbol is symbol#0, UE prepares PUSCH assuming a starting transmission time. The UE is not expected to change this starting time based on the LBT method used. FFS the start time between the following options:
· Option 1: PUSCH starts at symbol#0
· Option 2: PUSCH starts at 25us after SF boundary 

· If PUSCH starting symbol#1, UE always prepares PUSCH as it is transmitted from symbol#1.

We note that both of these options have their pros and cons. If the LBT type is signalled in the UL grant, then it can be ensured that whenever the UE receives a grant, it can know accurately the type of LBT it needs to perform. However, the downside of individual signalling is that UEs which are not scheduled are not aware of subframes being UL subframes and hence lose out on significant opportunities for power saving by not listening to the medium for eNB transmissions.
The second alternative indicates to the UE the remaining number of subframes in the transmission burst. The UE can then use this information to determine whether the subframes in which it is supposed to transmit UL is within or outside the transmission burst. If the UE detects updated information in the CPDCCH, then it may change its LBT procedure from Cat 4 LBT to 25us. We however note that even this approach does not allow non-scheduled UEs to go to power save mode as an unscheduled UE does not know whether the RCOT will be occupied by DL or UL subframes. 
We note that given all the other information that needs to be indicated to the UE in the UL grant (for example, reference subframe, CW update and LBT priority class related signalling), it is beneficial to include the information on the LBT type in the UL grant as well. 

However, we propose that in addition to LBT type signalling in the grant, information about the RCOT including the split between DL and UL subframes in the rest of the transmission burst should also be indicated to the UE to enable power savings at the UE. Such signalling would also be strongly forward compatible when PUCCH and PRACH are introduced in eLAA.

Proposal

1. LBT type is signalled via UL grant

2. The split between DL and UL subframes (whose sum is RCOT) is also signalled to the UEs via CPDCCH to enable power savings and also to ensure forward compatibility for PUCCH and PRACH in eLAA.
4


ED threshold for UL LBT


The choice of ED threshold for eLAA should be consistent between the eNB and the UE. Rel-13 LAA agreed to a -72dBm ED threshold for the eNB assuming a 23dBm EIRP. The ED threshold could be changed as a function of the configured maximum transmit power for the serving cell subject to an upper bound of -62dBm. We additionally note that the same formula was adopted in ETSI BRAN as part of harmonizing the regulations for channel access to the 5GHz band. 

Proposal
1. ED threshold of -72dBm is also used for LAA UE assuming 23dBm EIRP.
2. The maximum configured power for a carrier used to determine the ED threshold is the parameter Pcmax,c. 
5
Multi-carrier LBT for UL
In this section, we discuss various aspects of multi-carrier LBT for UL transmission. Rel-13 LAA proposed multiple options for multi-carrier transmission at the eNB. We discuss details of how each multi-carrier LBT defined for DL can be applied for UL transmission. 
We propose that the eNB configure the LBT scheme used for multi-carrier LBT using RRC signalling. We note that UL grants on different carriers may be transmitted on different subframes and hence UE may not be immediately aware that multi-carrier LBT is to be used for the UL. It is thus up to UE implementation, when to start the multi-carrier LBT procedure.
5.1
Type A1: Independent counter per carrier
In this mode, each UL carrier is scheduled independently from each other as if it were the only carrier that were being scheduled. From the UE’s perspective, if it receives the grants for the same subframe on different carriers, then it determines that multi-carrier LBT is to be performed. Since each carrier independently carries the CW update information, the information needed is available per carrier at the UE. A specific random number is drawn per carrier and the UE performs countdown independently on each carrier. We propose to drop the requirement of waiting 4 slots performing resuming the LBT as the UE most likely will start the LBT procedure only when it is scheduled and hence would be have waited a long time in general without performing LBT. 
5.2
Type A2: Common counter for carriers

The procedure is similar to Type A1 multi-carrier LBT. After determining the CW window size for each carrier based on independent signalling for all carriers, the UE picks the largest CW size and determines the random number to be used on all the carriers and performs independent count down on each carrier. If the UE cannot complete the transmission on any one of the carriers, then it discards the CCA state for that carrier. 

5.3
Type B: WiFi like LBT

When configured with Type B LBT and after determining that multi-carrier LBT needs to be performed, the UE randomly chooses one of the scheduled carriers for performing Cat 4 LBT. Alternatively, the UE may be configured with a set of rules to determine which carrier to use for Cat 4 LBT for example in order of ServingCellIndex. 

If the UE knows the CW for each scheduled carrier, it can choose the maximum CW to draw the random number for Cat 4 LBT on the designated carrier and it can perform 25us LBT for the rest of the carriers. 
As the UE can determine the success or failure of its UL transmission based on the reference subframe and the reference transmission burst indicated by the eNB, it may use this information to jointly determine the CW size as well determining the combined value of Z. 

The rest of the procedure is identical to the eNB procedure for multi-carrier LBT. 

Proposal
1. Adopt the multi-carrier LBT scheme for the UL from the DL with minimal changes to take into account scheduled behaviour.
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Miscellaneous LBT considerations
6.1
eNB count down when serving UEs
As eLAA nodes use only energy detection to count down the random number for performing Cat 4 LBT both at the eNB side and the UE, there could be scenarios in which eNB counts down when the UE is scheduled to transmit if the received energy is below is -72dBm. In general, the eNB should not count down its random number when it has scheduled some UEs to transmit as it would a very aggressive in terms of channel access compared to 802.11 devices which do not countdown when receiving from their transmitter.

However, this assumes that all the UEs transmit and would be a very conservative approach when the scheduled UEs do not transmit on the UL. For this, we propose that the eNB may countdown when all the UEs which are scheduled to transmit in a subframe do not transmit at all. 
Proposal:

1. In the subframes in which eNB schedules UE transmission and at least one UE transmits, the LBT counter is frozen at the eNB. The eNB may resume LBT (starting with a defer period) after the subframes in which UL are scheduled are completed. 
2. It is left to eNB implementation, how to determine whether at least one UE has transmitted on the UL.
6.2 
Continuing Cat 4 LBT at the UEs after a failed transmission
It is possible that when scheduled with Cat 4 LBT the UE may not complete the countdown in time for transmission. In the scenario where UE where UE cannot countdown during the whole duration of scheduled transmission, the UL grant expires and UE drops the transmission. 

The question arises as to whether the UE can continue the countdown from the current state when it is next scheduled with UL transmissions needing a Cat 4 LBT or whether the UE should start the countdown afresh once again. In general, we propose that the UE should be able to continue the countdown from its current state when it receives a new grant which requires it to perform Cat 4 LBT. However, this is non-trivial if the eNB schedules UL transmission using a different LBT priority class from last time. 
Proposal

1. UE should be able to continue the Cat 4 LBT countdown from the previous state for a new UL transmission if 

a. The previous and the current transmission are scheduled using the same LBT priority class; or

b. If the previous transmission is scheduled using a LBT priority class of lower priority (which requires more slots in it’s defer duration) than the current UL transmission.
2. In all other cases, the UE should restart its LBT countdown by drawing a new random number. 

6.3 
MCOT of 8ms and 10ms for UL transmission
The following table was agreed in the email discussion after the previous RAN1 meeting. 
	LBT priority class
	n
	CWmin
	CWmax
	MCOT
	Set of CW sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms (see note 1) or 10 ms (see note 2)
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms (see note 1) or 10 ms (see note 2)
	{15,31,63,127,255,511,1023}

	NOTE 1: The MCOT of 6 ms may be increased to 8 ms by inserting one or more gaps. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such gap shall be 6 ms. The gap duration is not included in the channel occupancy time. 
NOTE 2: If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), the maximum channel occupancy time (MCOT) for LBT priority classes 3 and 4 is for 10 ms, otherwise, the MCOT for LBT priority classes 3 and 4 is 6ms as in note 1.


This table specifies that 8ms and 10ms MCOT can be used with some specific conditions. We propose that the UE looks at the indication provided in RRC signalling about the presence and absence of other technologies on a long term basis to derive the maximum allowed TxOP for LBT priority class 3 and 4. If the eNB chooses to utilize a TxOP duration of 8ms, then it is eNB responsibility to ensure consistent signalling. For example, if the eNB schedules a UL transmission of duration 4ms followed by a gap of 1ms (for that UE) and then another UL transmission for a duration of 4ms, we propose that the UE can resume the second half of the TxOP using a 25us LBT. The UE follows the LBT type signalling in the grant to derive this behaviour and it is the eNB’s responsibility to ensure that this signalling is consistent with the specification. 
Proposal

1. For 8ms TxOP, the eNB signalling in the UL grant ensures that the TxOP resumption after the pause can be done using a 25us LBT

2. For 10ms TxOP feasibility, the UE derives the maximum allowed TxOP duration using RRC signalling. 
6.4 
LBT for UL grant only transmission

The following was agreed for performing LBT for UL grant only transmission.
Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.  The choice of LBT priority class is up to eNB.

· FFS: UL grant only transmission by eNB based on a 25 µs CCA is supported. 

· eNB can choose between Cat-4 or 25  µs  CCA LBT.

We propose that UL grant only transmission by the eNB based on 25us CCA is supported. We note that for the UE to successfully receive such a transmission the minimum duration of DL transmission has to be at least one full DL subframe or an initial partial subframe followed by a full DL subframe as per the agreements in the Rel-13 LAA. 
As a 25us method is general an aggressive method of channel access, we propose that eNB can be use 25us LBT for sending UL grants only in the scenario in which it continues transmission from a UE acquired TxOP. For example, if the eNB schedules a UE with Cat 4 LBT for 4 subframes and the last symbol of subframe 4 is left blank, then eNB continue the UE acquired TxOP after performing a 25us LBT in the last symbol of the UL transmission burst which was blanked out. In all other scenarios, we propose that the eNB chooses Cat 4 LBT.
Proposal

1. 25us LBT is used by the eNB for sending UL grants only when continuing a UE acquired TxOP. In other scenarios, eNB performs a Cat 4 LBT
6.5
Handling PUSCH errors after 25us LBT

The following mechanisms were proposed to determine what the eNB shall do with the channel occupancy when it detects errors for PUSCH which was transmitted using 25us LBT.

· Errors detected in UL transmissions occurring immediately after 25us LBT within a Channel Occupancy obtained by the eNB based on CAT4 LBT, shall be handled as follows:

· Option 1: eNB abandons the current COT i.e. does not send any more DL transmissions or UL grants

· Option 2: The UL CWS of the corresponding UE is doubled (will be indicated and used only the next time CAT4 LBT is signaled to the UE)

· Option 3: The next time the UE is given a UL grant, it is always with a CAT4 LBT

· Option 4: Combinations of the above
We note that each of these proposals have various cons. For example, if the transmission burst has DL subframes followed by UL subframes (which is typically the expected mode of operation), the eNB cannot abandon the COT as there are no more DL transmissions or UL grants it can send. There is no strong benefit to increase the CW size to be used for UE Cat 4 LBT as the UE may not even be scheduled with Cat 4 LBT in most scenarios where DL traffic is dominant. Similarly, forcing the UE to be scheduled with Cat 4 LBT imposes scheduling restrictions and increases the channel contention unnecessarily and is not desirable.

Proposal
1. None of the listed options are adopted
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Conclusions
In this document, we discussed various aspects of UL LBT. In specific, we propose that
1. Consider Alternative 2 for CW update at the UE

2. Additional signaling can be considered from the eNB to the UE to accurately indicate the location of the start of the reference transmission burst. 
3. LBT type is signalled via UL grant
4. The split between DL and UL subframes (whose sum is RCOT) is also signalled to the UEs via CPDCCH to enable power savings and also to ensure forward compatibility for PUCCH and PRACH in eLAA.

5. ED threshold of -72dBm is also used for LAA UE assuming 23dBm EIRP.
6. The maximum configured power for a carrier used to determine the ED threshold is the parameter Pcmax,c. 

7. Adopt the multi-carrier LBT scheme for the UL from the DL with minimal changes to take into account scheduled behaviour.

8. In the subframes in which eNB schedules UE transmission and at least one UE transmits, the LBT counter is frozen at the eNB. The eNB may resume LBT (starting with a defer period) after the subframes in which UL are scheduled are completed. 

9. It is left to eNB implementation, how to determine whether at least one UE has transmitted on the UL.
10. UE should be able to continue the Cat 4 LBT countdown from the previous state for a new UL transmission if 

a. The previous and the current transmission are scheduled using the same LBT priority class; or

b. If the previous transmission is scheduled using a LBT priority class of lower priority (which requires more slots in it’s defer duration) than the current UL transmission.

11. In all other cases, the UE should restart its LBT countdown by drawing a new random number. 

12. For 8ms TxOP, the eNB signalling in the UL grant ensures that the TxOP resumption after the pause can be done using a 25us LBT

13. For 10ms TxOP feasibility, the UE derives the maximum allowed TxOP duration using RRC signalling. 
14. 25us LBT is used by the eNB for sending UL grants only when continuing a UE acquired TxOP. In other scenarios, eNB performs a Cat 4 LBT
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