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1 Introduction

In RAN1#84 meeting, following agreement has been achieved on UL LBT of eLAA [1].
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: Conditions and restrictions on when these options are used
Additionally, further details of UL LBT conditions have been decided in RAN1#84bis meeting [2].
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 discuss further details of channel access mechanism for eLAA.
2 Discussion on channel access mechanism for eLAA
Agreement from RAN1#84bis allows a single 25us LBT for UL transmission within MCOT. In ETSI EN 301 893 draft, the regulation additionally allows no LBT option as stated below;
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.
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.
Interpretations of Initiating Device as eNB and Responding Devices as UEs maybe reasonable. In that sense, it allows UL transmission without LBT if it is initiated at most 16 µs after DL transmission. Therefore, it is reasonable to allow no LBT option as UL LBT for eLAA. Conditions for allowance are could be discussed further. 
Observation1: ETSI EN 301 893 draft allows no LBT option for Responding Device.

Proposal1: No LBT option is allowed as UL LBT for eLAA. Conditions for allowance could be discussed further.

A single 25us LBT for UL transmission within MCOT is allowed for eLAA. MCOT is a function of CWS which is related with priority class. Thus, even if UE only perform a single 25us LBT for UL transmission, we could assume that priority class of UL transmission is already reflected by limiting the length of transmission. Evaluations on eLAA UL performance have shown that degraded performance are expected due to scheduling delay. If restriction on UL transmission for priority class is applied additionally, eLAA UL performance will be degraded further. Therefore, UL transmission with any priority class should be allowed regardless of LBT parameters used for UL grant transmission. 
Observation2: Restriction on UL transmission regarding priority class is reflected in limited transmission length.

Proposal2: UL transmission of any priority class is allowed regardless of LBT parameters used by the eNB’s channel access.

A single 25us LBT is only allowed within acquired MCOT. If UL transmission is scheduled outside of the MCOT, UE is required to perform CAT4 LBT. Details of CAT4 LBT for eLAA UL transmission is discussed below. The main issue to be discussed for CAT4 LBT is CWS management and corresponding random back-off counter generation. 

[image: image8.png]MCOT

LBT gap
SF #1 SF #2 SF #3 SF #4 SF #5 SF #6 SF #7 SF #8
(DL) (DL) (DL) (DL) (Un) (Un (UL (un)
7Y Y Y T

Scheduling





Figure 1 – UL scheduling within and outside of MCOT
Figure 1 describes an example of eLAA transmission. SF #1 ~ #4 are DL SFs and SF #5 ~ #8 are UL SFs. MCOT is 6ms, thus SF #1 ~ #6 are within the MCOT while SF #7 ~ #8 are outside of the MCOT. LBT gaps are made by blanking a symbol at the start of each UL SF. UEs in SF #5 and # 6 will perform a single 25us LBT meanwhile UEs in SF #7 and #8 are required to carry out CAT 4 LBT. 

In this situation, eNB want to schedule UE 1. If UE’s CWS is managed by each UE, then eNB would not know CWS of UE1. If UE1’s CWS is very small, e.g. 3, UE1 may succeed to transmit PUSCH in the scheduled SF regardless scheduled SF index. However, if UE1’s CWS is increased, e.g. 15, probability to finishing CAT4 LBT will be relatively small if UE1 is scheduled for SF #7. In this case, scheduling UE1 for SF #8 will provide more chances to succeed UL transmission in the scheduled SF. If UE1’s CWS is large, e.g. 127, scheduling UE1 at SF #7 or SF #8 will probably cause failure of UL transmission at the scheduled SF. In that case, it will be better to schedule UE1 at SF #5 or SF #6. Therefore, knowledge of UE’s CWS is important to eNB for efficient UL scheduling. Unless each UE indicates its CWS to eNB, it would be better eNB manages CWS of UEs. 
Observation3: Efficient UL scheduling is possible if eNB knows UE’s CWS. 

Proposal3: eNB manages CWS of UEs

If eNB manages CWS of UEs, there are two choices for random back-off counter generation. The first one is to generate back-off counter at eNB and indicate it to UE. Alternative method is eNB indicates CWS for UE and UE generates back-off counter. With the first option, eNB knows exact back-off counter for the UE. For the second option, eNB would only know the maximum candidate value of back-off counter which UE will generate. Knowledge of maximum value for random value versus exact value would impacts on eNB’s scheduling flexibility.
For example in Figure 1, eNB want to schedule UE 1 while its CWS is 127. If eNB has only this information, eNB will schedule UE 1 for SF #5 or #6, or give up schedule UE 1. If eNB schedule UE 1 for SF #7 or SF #8, it will probably cause failure of UL transmission at the scheduled SF. However, if random back-off counter generated for UE 1 is 4, and if eNB has this information, eNB could schedule UE 1 for any subframe among SF #5 ~ #8. Considering limited resources of UCI, it is better to generate back-off counter at eNB and indicate it to UE. 
Proposal4: Generates random back-off counter at eNB and indicates it to UE.

Another point to be discussed is whether UE-specific random back-off counter is necessary or not. Figure 2 shows examples of UE-specific back-off counter and common back-off counter. If UE-specific back-off counter is adopted, each UE in the same subframe probably has different back-off counter. Since each UE does not know other UE’s back-off counter, possible way to MUX UEs is applying self-defer until SF boundary. That is to say, regardless of back-off counter of UEs, self-defer is required until the SF boundary. Self-defer is a way to achieve MUX of UEs, but it will cause resource waste. In addition, self-defer could make possible to MUX multiple UEs in the same SF, but during self-defer period, the channel could be occupied by other networks. 
Alternatively, an example of employing common back-off counter is described in lower part of Figure 2. With this approach, each UE performs CAT 4 LBT using the common back-off counter, and start UL transmission simultaneously. No self-defer is needed, thus time resource utilization could be enhanced. Additionally, no possibility to lose channel access because self-defer is not needed. 
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Figure 2 –Back-off counter generation for UL CAT4 LBT
The another reason to employ common back-off counter is that UE-specific back-off counter doesn’t provide any functionality for collision avoidance. Figure 3 shows an example of network deployment scenario. eLAA eNB with 2 UEs are described. UE1 is neighbouring with interference 1, UE2 locates besides with interference 2, and eNB locates near interference 3. 
In the situation, UE1 competes with Inter 1 to access channel. Thus, if UE1’s back-off counter and Inter1’s back-off counter are same, there will be a collision, and UE1 and Inter1 should increase their CWS. However, since eNB is located outside of Inter1’s coverage, reception of UE1’s transmission will be fine even if collision occur. Therefore, UE1’s back-off counter will not be increased even though collision occurred. Ironically CWS of UE1 and UE2 will be increased when transmission of UE 1 and UE 2 collide with transmission of Inter 3. 
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Figure 3 – An example of network deployment scenario with interferences
The problem is described in Figure 4. In scenario of Figure 3, let’s assume transmissions have occurred as described in Figure 4. For SF #1 ~ #2, UE1 is scheduled and UE1 performs UL transmission while UE2 transmits for SF #3 ~ #4. On the other hand, Inter 3 starts its transmission in the middle of SF #3 and transmits until SF #4. In this case, UE1’s UL transmission will be performed successfully. However, UE2’s transmission will be effected by Inter 3’s Tx and successive UL reception will not be possible. In this case, UE2 will increase its CWS due to Inter 3’s Tx which doesn’t get any effect with UE2’s CWS.
As described in above, UE-specific CWS and back-off counter doesn’t provide functionality of collision avoidance, thus it is not worth to consider. It would be better to consider cell-specific CWS and common back-off counter. 
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Figure 4 – An example of possible problem for UE-specific CWS management
Proposal5: Cell-specific common CWS is managed. 

Proposal6: Common back-off counter is used for UEs multiplexed in the same subframe. 

3 Conclusion
In this contribution, we discussed on channel access mechanism for eLAA and provide following proposals. 
Proposal1: No LBT option is allowed as UL LBT for eLAA. Conditions for allowance could be discussed further.

Proposal2: UL transmission of any priority class is allowed regardless of LBT parameters used by the eNB’s channel access.

Proposal3: eNB manages CWS of UEs

Proposal4: Generates random back-off counter at eNB and indicates it to UE.

Proposal5: Cell-specific common CWS is managed. 

Proposal6: Common back-off counter is used for UEs multiplexed in the same subframe. 
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