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1. Introduction
Much progress was achieved in RAN1 #80bis and #81 in the DL LBT design.  From RAN #68, it was agreed that UL channel access will be studied and agreed in Rel-13. In this contribution, we provide our views on LBT design for both downlink and uplink.


2. LBT design for downlink
Specifically for the DL LBT design:
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Working assumptions:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic exponential backoff or semi-static backoff between X and Y ECCA slots
· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window
· Consider minimum ECCA slot size smaller than 20 µs
· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
· FFS: Conditions under which initial CCA is used
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle
· FFS: Continuing count down during defer period
· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
· FFS: A defer period configured to be zero.
· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants
· FFS: Relationship, if any, between contention window and maximum channel occupancy?
· Discuss the values of all the above parameters at RAN1#81
· FFS: Applicability of this to DRS
· Adaptability of the energy detection threshold can be applied
· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Companies are encouraged to provide evaluations at RAN1#81 for LBT category 4 schemes in accordance with the above

In RAN1 #81, further agreements were achieved concerning category 4 LBT scheme.

Agreements:
· If LAA is adopting a LBT category 4 scheme for DL transmission, it will be based on ETSI option B modified to a LBT category 4 scheme except for the following modifications that ensure fairness with Wi-Fi:
· The size of the LAA contention window is variable via dynamic  exponentialvariable  backoff or semi-static backoff between X and Y ECCA slots
· One candidate of variable is exponential backoff, FFS for other candidates
· Note that most of evaluations are based on exponential backoff
· The value of X and Y is a configurable parameter
· FFS: which trigger and rate for adapting the size of the contention window
· Consider minimum ECCA slot size smaller than 20 µs
· The initial CCA (ICCA) can be configurable to be comparable to the defer periods of Wi-Fi (e.g., DIFS or AIFS)
· FFS: Conditions under which initial CCA is used
· When ECCA countdown is interrupted, a defer period (not necessarily the same as ICCA) is applied after channel becomes idle
· FFS: Continuing count down during defer period
· The defer period is configurable. It can be configured to be comparable to defer periods of Wi-Fi (e.g. DIFS or AIFS). 
· FFS: A defer period configured to be zero.
· FFS: how matching is done when multiple UEs are scheduled in a subframe with different QoS, or when a transmission contains no PDSCH (e.g. DRS, CSI-RS), or when a transmission contains UL grants
· FFS: Relationship, if any, between contention window and maximum channel occupancy?
· Discuss the values of all the above parameters at RAN1#81
· FFS: Applicability of this to DRS
· Adaptability of the energy detection threshold can be applied
· Defer period: Minimum time that a node has to wait after the channel becomes idle before transmission, i.e., a node can transmit if the channel is sensed to be idle for ≥ defer period. 
· Agreed  R1-152413  with a following note
· Note: This is only for DL LAA




























In R1-153664	“WF on Initial CCA”, which was agreed in RAN1 #81, the flow chart was updated:
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 It has been identified that to retain LTE’s advantage of frequency reuse and multicarrier transmissions, some small yet critically important change relative to the WiFi LBT was introduced in the flow chart.  We provide our understanding how the category 4 LBT scheme can be operated across cells and across adjacent carriers, and it will be a useful exercise to achieve consensus on whether the category 4 LBT scheme is up to the job of enabling multicell/multicarrier operations.

Unfortunately in the agreed LBT scheme from R1-153664, one bug was also introduced which allows a transmitting node to play with the state of the LBT state machine, and enable it to get unfair channel access. Unfair practice, no matter whether it is conducted with WiFi or another LAA system, should not be allowed. From that we also provide a proposal to modify the agreed category 4 LBT from RAN1 #81.  
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Figure 
1
 Separate LBT procedures can prevent frequency use
)
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In figure 1, on the left side it is shown that in a sectorized deployment, transmission from Sector Alpha towards UE 1 can inhibit the transmissions from Sectors Beta and Gamma to their respectively served UEs: the eNB antenna back-to-front ratio is at 25 dB and a transmission power from Sector Alpha is at 20 dBm, the leaked power into adjacent sectors is at a level of -5 dBm, far larger than the ED threshold at -62 dBm.

Similarly with nodes at different locations, depending on the propagation condition (e.g. LoS), the transmission from Cell 1 can inhibit the transmission from Cell 2 as shown on the right side of figure 1. 

In figure 2,
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Figure 2 Leakage into adjacent carriers

It is shown when an eNB transmits at frequency f1 at 20 dBm, the leaked power into adjacent channels can be much higher than -62 dBm (assume a ACLR at 45 dB, then the leaked power on either side can be at -25 dBm).  (Cite Qualcomm’s paper)
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Figure 3 Category 4 LBT procedure in TR 36.889

Figure 3 gives the flow chart for Category 4 LBT from TR 36.889. It is shown that initial CCA is performed to transmit a DL transmission burst when the eNB has not transmitted any signal/channel although the random backoff counter reached zero in the backoff procedure. Here we would like to confirm multi-cell operations and multi-carrier operations can be enabled by the following --
· An eNB can hold the transmission on one cell (taking (A)), waits (staying at (B)) until another cell’s becomes idle and then transmits on both cells simultaneously.
· An eNB can hold the transmission on one carrier (taking (A)), waits (staying at (B)) until another carrier’s channel becomes idle and then transmits on both carriers simultaneously.

Observation 1: the category 4 LBT allows multi-cell and multi-carrier transmissions at eNB.



4. Unfair channel access 
We also note that the flowchart as shown in figure 3 allows a transmitting node to gain unfair channel access. In a LAA system, as the CA design framework is inherited, one MAC entity can stay above licensed carrier(s) and unlicensed carriers(s). It is up to eNB implementation to determine the time and data type through what carrier: unlicensed and licensed. Hence there is a legitimate reason not to ascribe a rigid state management scheme for carriers in terms of data buffer occupancy.  And as a consequence, the data buffer occupancy status at an unlicensed carrier can change rather dynamically. 
With that said, the freedom to decide when to send what packets through which carrier also can lead to abuse/misuse.
One example is can be seen in figure 3, an eNB can declares “No Tx needed” at point C (e.g. no data to transmit on the unlicensed carrier at that moment), and then it moves to point B and enter “Idle State”.  Then the eNB realizes actually it has some data to transmit on that carrier, so it takes the “yes” branch of “Need to Tx?”, and performs an initial CCA, and proceeds to point A and starts transmission. It is seen that extended CCA does not have to be ever triggered; and the transmission from that eNB is always started an initial CCA.  The proposed modification is shown below. Note with the proposed modification, multi-carrier/multi-cell operations are still supported and the wait operation inside a LBT procedure is still supported.

We have
Proposal: Category 4 LBT scheme for LAA is modified (as shown in figure 4) to avoid abuse/misuse and prevent eNB from gaining unfair channel access.
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Figure 4 Modified Category 4 LBT

We also note the category 4 LBT is similar to the DCF in 802.11. As pointed out before in [11][12], EDCAF and DCF have different behaviors in terms of backoff counter decrement.  A harmonized design should support LAA LBT, DCF and EDCAF. 










5. UL channel access
In the study item stage, some UL channel access schemes were considered, e.g. in [14][15][16][17].
Just as in DL channel access, fairness and efficiency should be included in the design goals for UL channel access. 
In general, the suitable UL channel access scheme can be different depending on the scheduling node and/or transmission burst sequence.  More specifically cross carrier scheduling versus self scheduling, and the timing sequence of DL/UL transmission bursts can require different designs.

DL/UL Transmission bursts and their implications for LBT design
According to the agreements reached in email discussion following RAN1 #80bis, 
· Each DL transmission burst is a continuous transmission from a DL transmitting node with no transmission immediately before or after from the same node on the same CC.
· Each UL transmission burst from a UE perspective is a continuous transmission from a UE with no transmission immediately before or after from the same UE on the same CC.

In Section 5.3.2 “Suitable Duplex method for unlicensed bands” [13]

The study considered both DL-only transmission and DL+UL transmission scenarios. In case of eNB operating DL+UL LAA over the same carrier in unlicensed spectrum, the DL transmission burst(s) and UL transmission burst(s) on LAA can be scheduled in a TDM manner while any instant in time can be part of a DL transmission burst or an UL transmission burst, which is different from existing Frame Structure type 2 (FS2).

From that, there is no fixed frame structure for LAA DL+UL as in Frame Structure 2. Also the maximum transmission duration requirement makes it necessary to chop DL/UL transmission bursts into a number of sequences (i.e. one TXOP cannot grow indefinitely); and we cannot assume a sequence of transmission bursts always starts with a DL transmission burst.  

Observation 2: in a LAA system with both DL and UL traffic on unlicensed carrier, we cannot assume a sequence of transmission burst always starts with a DL transmission burst.

Reverse Direction Protocol 
Design precedence in WiFi and possible design options in new generation WiFi should also be considered.  Here we mainly consider reverse direction protocol. 
In IEEE 802.11e, TXOP (transmission opportunity) was introduced. TXOP allows an AP to transmit multiple correctly acknowledged DL transmissions. In IEEE 802.11n, the reverse direction protocol was introduced. It can be treated as a further evolution of TXOP management: a TXOP initiator can lease part of its TXOP to another node, and that node can conduct transmissions in the reverse direction.  And after the transmissions at that node, the TXOP initiator can regain the remaining TXOP, and give lease to yet another node. Using the terminology of “transmission burst” in LAA TR, the following is allowed by the reverse direction protocol (we change AP to eNB and STA to UE for easier reference):
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Figure 5 A network with one AP/eNB and two STAs/UEs
.

If the precedence of the reverse direction protocol is followed, then we can have the following two sequences of transmission in a TXOP as shown in figures 6 and 7.
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Figure 6 TXOP started by eNB
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Figure 7 TXOP started by UE
 
In figure 6,the TXOP is initiated by eNB, UL LBT is not performed at two occassions in the TXOP. Further there is also no additional LBT for the second DL transmission burst. 

In figure 7, the TXOP is initiated by UE, DL LBT is not performed after the UL transmission.
 
For eNB initiated TXOP, as eNB has performed LBT (category 4 LBT for data transmission), if the scheduled UL transmission is within the maximum transmission duration, either skipping LBT as in the practice of RDP or using FBE can be a reasonable solution.
In the case that self-scheduling is used to grant UL transmissions to UEs, and the first data transmission in a TXOP is for UL, the transmission of the DL control channel without accompanying DL data can be also treated as DL transmission burst. And the TXOP is still classified as eNB initiated TXOP.
Observation 3: In an eNB initiated TXOP, skipping LBT or FBE can be considered for UL channel access.

For UE initiated TXOP, the scheduling command for the uplink transmission can come from a different carrier (DL carrier), which can be either a licensed carrier or an unlicensed carrier, the fact that the UL scheduling command is able to be transmitted by eNB  over that DL carrier does not reveal anything on whether the eNB holds the UL carrier or not. In this case, it will be unfair for the UE to skip LBT and directly proceed to transmit on the UL carrier. FBE or category 4 LBT can be considered in this case.

Observation 4: In a UE initiated TXOP, category 4 LBT or FBE can be considered for UL channel access.

It is clear from the above that the suitable UL channel access scheme may be different for different scenarios. It may not be enough to simply define DL and UL LBT rules without considering the location of a DL or UL transmission burst in the TXOP.

Observation 5: When both DL and UL transmissions are enabled in LAA, TXOP management should be considered in addition to defined LBT rules. 
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6. Conclusion
In this contribution, we provide our views on DL and UL LBT design. We have
Observation 1: the category 4 LBT allows multi-cell and multi-carrier transmissions at eNB.
Observation 2: in a LAA system with both DL and UL traffic on unlicensed carrier, we cannot assume a sequence of transmission burst always starts with a DL transmission burst.
Observation 3: In an eNB initiated TXOP, skipping LBT or FBE can be considered for UL channel access.
Observation 4: In a UE initiated TXOP, category 4 LBT or FBE can be considered for UL channel access.
Observation 5: When both DL and UL transmissions are enabled in LAA, TXOP management should be considered in addition to defined LBT rules. 
Proposal: Category 4 LBT scheme for LAA is modified (as shown in figure 4) to avoid abuse/misuse and prevent eNB from gaining unfair channel access.
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