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[bookmark: _Ref410049002][bookmark: _Ref410045574]A Rel-14 work item was approved in RAN#70 to specify UL support for LAA (licensed-assisted access) SCell operation in unlicensed spectrum [1]. The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]
· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]

The channel access mechanism is one of the most important aspects for LAA UL design. It was discussed in the LAA study item and the Rel-13 LAA work item, and the following has been agreed regarding UL channel access:
Agreements: (RAN1#81, May 2015)
· LAA supports UL LBT at the UE.
· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities
· Other considerations including multiplexing of multiple UEs in a single subframe 
· Possibly other considerations
Working assumptions: (RAN1#82, Aug 2015)
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered 
· A CCA duration of 25 us before the transmission burst 
· The sensing duration can be less than the CCA duration 
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE 
· The UL maximum contention window size should be smaller than for DL category 4 LBT 
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary 
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts 
Agreement: (the outcome of RAN1#82 email discussion)
•      For cross-carrier scheduling, when if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 
•      For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported 
–     A CCA duration of at least 25 us before the transmission burst 
•      The sensing duration can be less than the CCA duration 
–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
•      FFS: The random backoff counter is generated at the eNB and is signalled to the UE 
•      FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT
•      FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
–     FFS: Energy detection threshold used for UL LBT
In RAN1#84 and RAN1#84bis, the following agreements were reached:
Agreements:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Condition and restriction on when these options are used

Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part

In this contribution, we present our views on the various remaining aspects of the channel access design to support LAA UL. 

[bookmark: _Ref447060841]General Discussions on Different Types of Channel Access
It has been agreed that both Cat-4 LBT and 25us LBT are supported for UL LBT, but the exact conditions and possible restrictions are FFS.
First of all, we have agreed to target the support of UL multiplexing of multiple UEs in one subframe by multiplexing in the frequency domain and by multiplexing using MU-MIMO. This would require that all the UEs align the starting transmission time on UL, because otherwise, the transmission from one UE could cause the other UEs to sense the channel as busy and block the transmissions from these UEs.
For 25us LBT, as long as the location of the CCA slot is common for all the UEs (e.g. pre-defined in the specifications), it naturally supports the multiplexing of multiple UEs in the same subframe.
For Cat-4 LBT, each UE uses a random backoff counter to perform the Cat-4 LBT procedure. There are two possible ways to do this:
· Alt a: UEs perform Cat-4 LBT without coordination, or alignment, or self-deferral. A UE starts transmission whenever the LBT succeeds, possibly starting with a reservation signal to occupy the channel before the actual UL transmission. The obvious difficulty is that each UE may complete the Cat-4 LBT at a different time, so it could cause intra-cell blocking among the UEs. This is true regardless of whether the random backoff counter is generated by the UE itself or generated and broadcast by the eNB. Therefore, this alternative should not be further considered given its obvious drawback.
· Alt b: This alternative aims at effectively supporting the multiplexing of multiple UEs. A common starting transmission time is known to all the UEs, and any UE that succeeds in LBT can only start transmission at this particular time (i.e. no reservation signal transmitted before the intended transmission time). This means that a UE may need to do self-deferral until immediately before the intended transmission time for a final CCA check. But exactly when a UE starts the Cat 4 LBT procedure may have flexibility to some extent.
By excluding Alt a for Cat-4 LBT, both 25us  LBT and Cat-4 LBT require the alignment of the starting transmission time of the UEs in a subframe, and the UE should start the transmission right at the intended transmission time without any reservation signal before it. This is the only way to guarantee the multiplexing of multiple UEs in a subframe.
Proposal 1: A UE always starts at the intended transmission time only (subject to LBT) without adding any reservation signal immediately before the intended transmission time.

It had been agreed in RAN1#84bis to support an operation mode that allows the eNB to acquire a Maximum Channel Occupancy Time (MCOT) using Cat-4 LBT for combined DL and UL bursts. Within this combined DL/UL MCOT, a 25us LBT can used at the UE for UL LBT before the UL transmission burst and in any LBT gap within the UL transmission burst. This is aligned with the discussion in ETSI BRAN [2].
In addition, Cat-4 LBT can be used at the UE to acquire its own MCOT. Cat-4 LBT deploys an extensive check for channel availability, so there should not be any conditions or restrictions on when Cat-4 LBT can be applied in UL, which means that it can be used in all the cases. In case Cat-4 LBT is performed at the UE, it is reasonable for the UE to acquire a separate MCOT because it has gone through a full LBT. Following a similar principle as in the case above, the UE can use a 25us LBT if there is any LBT gap within an UL transmission burst. There are many details that need to be considered for the Cat-4 LBT design, such as the priority class, LBT parameters, CWS maintenance, etc., which are discussed separately in Section 3. 
Proposal 2: If Cat 4 LBT is performed at the UE before a UL transmission burst, a separate MCOT is acquired for the UL transmission burst. For any LBT gap within the separate UL MCOT, a 25us LBT is performed at the UE.


On the conditions or restrictions on when the 25us LBT can be used, there has been some potential concern on whether a universal 25us LBT would cause coexistence issue with other systems such as Wi-Fi (which uses a Cat 4 scheme). However, as explained in our previous contribution [3], a lot of evidences had showed that the 25us LBT (with various TxOP lengths) does not cause coexistence issue with Wi-Fi, for both self-scheduling and cross-carrier scheduling case. However, it is also understandable that there may be concerns with large TxOP associated with a single 25us LBT. In this sense, a compromised solution would be to support a reduced TxOP (e.g. 2ms) for the 25us LBT. Therefore we propose:
Proposal 3: An unconditional 25us LBT is supported for eLAA UL with a reduced TxOP (e.g. 2ms).

It had been discussed whether to allow the eNB to perform LBT for the UE in some special cases, captured with FFS on “Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts”. In ETSI BRAN draft specification, such an operation is allowed as described in the following:
“4.2.7.3.2.7	Responding Device Channel Access Mechanism
Clause 4.2.7.3.2.6 step 6) b) describes the possibility whereby an Initiating Device grants an authorisation to one or more associated Responding Devices to transmit on the current Operating Channel for up to a total duration not exceeding the initiating device’s maximum Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in step 1) to step 5) below:
1) A Responding Device shall monitor the Operating Channel for RLAN transmissions. 
2) A Responding Device that received a transmission grant from an associated Initiating Device may proceed with transmissions on the current Operating Channel .
a) The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last transmission by the Initiating Device that issued the grant.
… ”

In eLAA, it is important to allow such an operation especially for short control signaling, such as HARQ-ACK and/or SRS. Therefore we support the following proposal in the email discussion [84b-06]:
Proposal 4: No LBT is required for any UL transmission that begins no later than 16 µs after the end of a DL transmission.
· The eNB should ensure that the UL transmission is within the MCOT limit.
· The duration of the UL transmission should include at least UCI or SRS and its duration shall not exceed 1ms.

For the LBT type to be used by a UE, our view is that it should always be signaled by the eNB, and the eNB is responsible for satisfying all the requirements on MCOT. For 25us vs. Cat-4 LBT, one bit is included in the UL grant for PUSCH transmission. In case of multi-subframe scheduling, this bit indicates the LBT type for the first subframe only, and 25us LBT is used by the UE in any subsequent LBT gaps. It is the eNB’s responsibility to make sure all the subsequent UL subframes are within the MCOT initiated by either the eNB or the UE. The detailed signaling in UL grant is provided in [4].
On the other hand, a one-bit indication of “no LBT” is included in common DCI [5] because it applies to SRS and UCI which may not be triggered by UL grant.

Details of Cat-4 LBT
In this section, we address some open issues in UL LBT Category 4, such as the LBT priority class determination, contention window size (CWS) maintenance and adjustment.
3.1 LBT priority class
In Release 13, the DL LBT supports four LBT priority classes corresponding to different traffic types to ensure the coexistence fairness with WiFi. For UL transmission, multiple LBT priority classes may be supported.
In DL, the LBT priority class is determined by the eNB according to the type of its buffered traffic. For UL transmission, the eNB has very limited information of UE’s traffic type and buffer status. Although the eNB could predict the upcoming UL traffic by the previous one, such prediction is inaccurate. It would be more appropriate, if the UE is responsible for the decision on the applied LBT priority class based on the actual available traffic types in its buffer. Since the eNB does not know which LBT priority class the UE would choose, it may happen that the eNB schedules more subframes than the MCOT of the LBT priority class that the UE uses. In this case, the UE would need to stop transmission and perform LBT again when the MCOT is reached, which causes additional LBT procedure and potential waste of resources if LBT fails.
It could be possible for the UE to choose the proper LBT priority class by considering how many subframes have been scheduled for itself, if such information is available. It is not realistic to expect such information to be available in general because it requires the eNB to predict the scheduling information for future subframe. But in case of multi-subframe scheduling currently discussed for UL, the scheduling duration is already available from the multi-subframe grant. With the information of expected transmission duration, the UE could decide which LBT priority class to use so that the corresponding MCOT covers the transmission duration.
Proposal 5: For Cat-4 LBT, the UE can decide which LBT priority class to use based on its traffic assisted by the scheduling information (e.g., transmission duration)
3.2 LBT parameters for multiple priority classes
In the latest draft of ETSI BRAN specifications, four channel access priority classes are defined for supervised devices, which are UEs in eLAA systems.  The associated parameters are defined as shown in Table 1. (Note that the class # is in the reverse order compared to the class # in LAA DL.) For eLAA to be deployed in Europe, such a set of parameters needs to be supported in eLAA for regulatory compliance purpose. Note that if there is any further change in ETSI BRAN specifications (given it is still a draft currently), eLAA should update accordingly.
Table 1: ETSI BRAN - Priority Class dependent Channel Access parameters for Supervised Devices
	Class #
	n
	CWmin
	CWmax
	maximum Channel Occupancy Time (COT)

	4
	2 
	3
	7
	2 ms

	3
	2 
	7
	15
	4 ms

	2
	3
	15
	1 023
	6 ms
(see note 1)

	1
	7
	15
	1 023
	6 ms
(see note 1)

	NOTE 1:    The maximum Channel Occupancy Time (COT) of 6 ms may be increased to 8 ms by inserting one or more pauses. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such pause shall be 6 ms. Pause duration is not included in the channel occupancy time. 
NOTE 2:    the values for n, CWmin, CWmax are minimum values. Greater values are allowed.



However it is well recognized that eLAA UL performance is quite restricted due to centralized scheduling, meaning that the UE can only start UL transmission at the schedule time. This also led to the conclusion in Section 2 that even a 25us LBT would not cause any coexistence issue for Wi-Fi. Comparing Cat-4 LBT to 25us LBT, Cat-4 LBT would result in further performance degradation. In addition, the parameters defined in Table 1 in fact are very conservative, with larger contention window size and longer defer period defined for UL compared to DL. This is reasonable for a non-scheduled system such as Wi-Fi, however it is too restricted for eLAA. Adding all these facts together, the parameters in Table 1 would put eLAA in significant disadvantage in channel access, resulting in poor eLAA UL performance.
In order to alleviate this issue, it is important that eLAA also supports a less restrictive set of Cat-4 channel access parameters. One example is shown in Table 2, which is based on the working assumptions in Rel-13:
Table 2: One example set of Cat-4 channel access parameters with smaller CWS
	Channel Access Priority Class #
	n
	CWmin
	CWmax
	maximum Channel Occupancy Time (COT)

	4
	1 
	3
	3
	2 ms

	3
	1 
	3
	4
	3 ms

	2
	1
	3
	5
	8 or 10 ms

	1
	1
	3
	6
	8 or 10 ms



The parameters provide some differentiation between different priority classes. However, the difference is quite minimal. So an alternative is to use a fixed small CWS for all classes, which means that no multiple classes are defined, and all the traffic use the same parameters to access the channel.
In summary, on the channel access parameters, we propose the following:
Proposal 6: For Cat-4 channel access parameters, eLAA UL should support both of the following two options and it is up to the eNB to choose one of them:
· 4 priority classes according to ETSI BRAN definition
· 4 priority classes with relatively small CWS, or a single priority class with a fixed small CWS for all traffic type (to be down-selected)

3.3 Contention window size maintenance
For the downlink transmission, the CWS is maintained at the eNB and adjusted based on HARQ-ACK feedback. Since the PHICH feedback is not available in LAA SCell, the question for LAA UL is whether the CWS adjustment should be performed by the eNB or the UE.
·  At the eNB side
The major motivation to perform CWS maintenance at the eNB side is to signal the same CWS/counter to UEs to increase probability of UL multiplexing as much as possible. Since the multi-user multiplexing can be achieved by self-deferral operation, the benefit of eNB controlled CWS is very limited. Furthermore, the eNB could maintain a common CWS for all UEs, even UL channel condition of the UEs may be very different. However, common CWS for all UEs cannot affect the real collision situation for a specific UE, it is a kind of average situation for all UEs in the cell. To force UEs to have the same CWS will corrupt the whole principle of CWS adjustment. Therefore, a common CWS for all UEs may not be an appropriate solution for CWS maintenance.
Another way is that the eNB can perform CWS adjustment for each served UE and sends the CWS indication to the scheduled UEs by UL grant. As we mentioned beforehand, the eNB does not have accurate information on the UE buffer status for each priority class. The eNB should indicate all CWSs of different priority classes to the UE. We see no real benefit to have CWS bookkeeping at the eNB, it will only create additional eNB implementation complexity as well as increase the DL signaling overhead.
·  At the UE side
To adjust CWS by UEs could well reflect current UL channel condition of the UEs. Given that the PHICH feedback is not available in LAA SCell, an alternative is that the UE determines the HARQ feedback status based on the NDI indication in UL grant, and does CWS adjustment accordingly.
· If the same HARQ process is scheduled with a new transmission, this is interpreted as ACK for the previous transmission.
· When UE receives a UL grant for the same HARQ process with a retransmission scheduled, two different interpretations may happen.
· If the previous scheduled transmission of this HARQ process happened, this is interpreted as NACK.
· If the previous scheduled transmission of this HARQ process had not happened due to LBT, this is not interpreted as ACK or NACK (i.e. ignored).

Proposal 7: For Cat-4 LBT, the CWS is maintained and updated at the UE side.

There have been some discussions on whether there should be similar restriction as DL when multiplexing traffic with different priority classes. Although it may seem to be a reasonable approach, LAA DL and UL are in fact very different. LAA UL is scheduled by the eNB, and the eNB has no idea on whether the LBT for the UEs would succeed or not. The eNB does not have accurate updated information on the UE buffer status for each priority class. The eNB may have some rough information based on buffer status report (BSR) from the UE, but it can be outdated. Also there may not be one-to-one mapping between the priority class and the logical channel used in BSR. A reasonable eNB would use the available information to schedule the UEs, but there could be mismatch. If, for any reason, the eNB schedules a UE more subframes than needed for a particular priority class, not allowing the UE to transmit traffic from lower priority class would be simply wasting resources. The reason is that there can be multiple UEs being scheduled in a subframe. Even if this UE is not transmitting, other UEs scheduled in this subframe could still be transmitting, which prevents any other neighboring nodes from using the channel. Therefore, our proposal is:
Proposal 8: There is no restriction on the priority classes of the traffic that can be carried by a UE once it receives an UL grant and succeeds in LBT.
Note that this is conditioned on LBT success, which means the LBT operation itself can be a separate or independent discussion.

Energy detection (ED) threshold
For LAA DL LBT, the ED threshold depends on the knowledge on the presence of other RATs, the set maximum transmit power of the eNB, and the carrier bandwidth.
Although the ED threshold for UL LBT can be defined largely follow that for DL LBT, there are some differences between DL and UL that should be considered.
First of all, there is power control for UE on UL. In majority of the cases, the UE would not use the full power for transmission (in many cases much lower than the full power), especially considering that LAA is targeting at small cell scenarios. This is very different from LAA DL, where the eNB typically uses full power when transmitting. If the UE maximum transmit power instead of the actual transmit power per UE UL burst is used to calculate the ED threshold, it would result in a much lower threshold, which greatly reduces the channel access probability. This would put unnecessary constraint on LAA UL LBT considering the possible low UE transmit power, which corresponds to a lower interference level the UE would cause to other transmissions. So it is more appropriate to use the actual transmit power for UL.
Secondly, we agreed that a higher ED threshold can be used for DL LBT if the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation). To maintain the same principle, the ED threshold for UL LBT should be adjusted in a similar way. However, the UE does not know whether there is any other technology, so the eNB should signal it to the UE.
Another flexibility that is worth considering is to provide a configurable offset (negative) that is signalled from the eNB to the UE, and the UE applies this additional offset when calculating the ED threshold. This allows the eNB to have the tool to adjust the UL ED threshold lower when it sees such a need for any reason (e.g. when a hidden node is detected).
Proposal 9: The calculation of ED threshold for UL PUSCH should follow that of DL PDSCH, with the following modifications/enhancements:
· Use the actual transmit power per burst instead of the maximum transmit power
· The eNB signals the UE the absence of any other technologies.
· An optional offset can be configured by the eNB to the UE.
 
Multi-Channel Access
In multi-channel UL scenario, when the 25us LBT is used, it basically means that all the UL channels should do a single-slot CCA sensing at the same time before the intended transmission time. On each channel, it can simply follow the single-channel LBT procedure.
Proposal 10: When 25us LBT is used on each individual UL channel, the UE should perform independent 25us LBT on each channel.

In case the Cat-4 LBT scheme is supposed to be used for the single-channel LBT, the multi-channel access schemes for DL can be directly reused for UL.
In case there is a mix of Cat-4 and 25us LBT on multiple carriers, the Type A multi-channel access procedure for DL can be directly reused for UL, while the Type B multi-channel access procedure can be easily extended by choosing a carrier with Cat-4 LBT as the primary carrier.
Proposal 11: When the Cat-4 LBT is supposed to be used on at least one channel for the single-channel LBT, the multi-channel access schemes for DL are either directly reused or extended with minor modification for Type B.


Conclusion
In this contribution, we discussed the LBT procedure to support LAA UL, and proposed the following:  
Proposal 1: A UE always starts at the intended transmission time only (subject to LBT) without adding any reservation signal immediately before the intended transmission time.
Proposal 2: If Cat 4 LBT is performed at the UE before a UL transmission burst, a separate MCOT is acquired for the UL transmission burst. For any LBT gap within the separate UL MCOT, a 25us LBT is performed at the UE.
Proposal 3: An unconditional 25us LBT is supported for eLAA UL with a reduced TxOP (e.g. 2ms).
Proposal 4: No LBT is required for any UL transmission that begins no later than 16 µs after the end of a DL transmission.
· The eNB should ensure that the UL transmission is within the MCOT limit.
· The duration of the UL transmission should include at least UCI or SRS and its duration shall not exceed 1ms.
Proposal 5: For Cat-4 LBT, the UE can decide which LBT priority class to use based on its traffic assisted by the scheduling information (e.g., transmission duration)
Proposal 6: For Cat-4 channel access parameters, eLAA UL should support both of the following two options and it is up to the eNB to choose one of them:
· 4 priority classes according to ETSI BRAN definition
· 4 priority classes with relatively small CWS, or a single priority class with a fixed small CWS for all traffic type (to be down-selected)
Proposal 7: For Cat-4 LBT, the CWS is maintained and updated at the UE side.
Proposal 8: There is no restriction on the priority classes of the traffic that can be carried by a UE once it receives an UL grant and succeeds in LBT.
Proposal 9: The calculation of ED threshold for UL PUSCH should follow that of DL PDSCH, with the following modifications/enhancements:
· Use the actual transmit power per burst instead of the maximum transmit power
· The eNB signals the UE the absence of any other technologies.
· An optional offset can be configured by the eNB to the UE.
Proposal 10: When 25us LBT is used on each individual UL channel, the UE should perform independent 25us LBT on each channel.
Proposal 11: When the Cat-4 LBT is supposed to be used on at least one channel for the single-channel LBT, the multi-channel access schemes for DL are either directly reused or extended with minor modification for Type B.
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