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1 Introduction
At RAN1 #84 meeting [1], it has been discussed to support Cat.4 in UL LBT, and it was agreed that:
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
For Cat.4 where the UE would access the channel following random backoff procedure, inter-UE blocking issue among multiplexed UEs may be incurred if one UE completes its backoff procedure and sending reservation signal to occupy the channel before another UE that contends the same channel for UL transmission. In this contribution, we discuss the options based on eNB assistence to solve the inter-UE blocking issue. The other candidate solution based on narrowband sensing is discussed in the companion contribution [2]. 
2 Analysis of candidate solutions for inter-UE blocking
There are two approaches to enable multiple UEs multiplexing in the same subframes:
· Indicating common backoff counter 

· UE Self-deferral with/without reservation signal

2.1 Analysis of common backoff counter
One candidate solution to solve the inter-UE blocking issue is that the eNB indicates a common backoff counter to the scheduled UEs in the same UL subframe. In section 2.1, we provide analysis on this solution from several perspectives. 
· Aligned start of transmissions
To solve the inter-UE blocking issue, the final result should be that the multiple scheduled UEs simultaneously transmit at the subframe boundary or a little bit before the subframe boundary but with reservation signal transmission. With a common backoff counter, two prerequisites are kind of essential to achieve the final result. One is to start CCA at the same time for these UEs, the other one is to complete the backoff procedure simultaneously. 
Generally, however, when to start CCA up to UE implementation, and in principle, the UE can perform the CCA as long as it requires transmitting. Therefore, it may not be reasonable to align the time when these UEs would start the CCA. 
On the other hand, it is also hard to align the CCA completion time of these UEs, even if they start the CCA at the same time. The reason is that different UEs may locate at different locations, and therefore they would have different channel and interference conditions. Furthermore, eNB has no information on UEs’ location, so it is also impossible for the eNB to schedule the UEs that are close to each other in the same subframe. 
Observation 1: With common backoff counter, it is necessary to restrict when the UEs start the CCA. However, even if the scheduled UEs start the CCA at the same time, it could be also hard to complete their backoff procedures simultaneously, considering different UEs may locate at different locations and therefore have different channel and interference conditions.
· Channel access opportunity

To guarantee fairness co-existence with other systems, it might be needed to draw the common backoff counter based on the largest CWS of the simultaneously scheduled UEs. Obviously, using the largest CWS would probably result in a large common backoff counter, which leads to long backoff time of the UE with original a smaller CWS, considering that the UL CWS is maintained in a UE-specific way [3]. This means the UE with the largest CWS would lower the channel access opportunity of the other multiplexed UEs with relatively small CWSs. In addition, the UE with higher traffic priority may also be harmed by the multiplexed UE with lower traffic priority with larger CWS parameters. To avoid these cases, eNB may restrict to schedule UEs in the same subframe if the CWSs for these UEs are largely different. A comparison shown in Figure 1, UE1 has a UE-specific backoff counter N=4 in (b) while it has to be allocated with a common backoff counter N=10 in (a). It is clear that individual backoff counter with self-deferral may gain higher priority to access the channel to the UEs with smaller backoff counter, or higher priority classes. 
Observation 2: With common backoff counter, the UE with the larger CWS, e.g., with lower priority class, would lower the channel access opportunity of the other multiplexed UEs with relatively small CWSs, e.g., with higher priority class. To avoid these cases, eNB may be restricted to multiplex UEs in the same subframe only if the CWSs for these UEs are similar.
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Figure 1. Compared with UE-specific backoff counter with common backoff counter (a), self-deferral (b)
· Indication cost
For the indication for the common backoff counter, it needs large amount of cost to cover all possible values of backoff counters. In contrast, UE-specific backoff counter can be generated at the UE side so that only UE-specific CWS values are required to be indicated, which leads to smaller and flexible indication cost. Take class 3 CWS set {15, 31, 63} of long Cat.4 for example, up to 6 bits is required to cover 0~63 for common backoff counter, while for UE-specific indication, 2 bits are enough to indicate the CWS set. 
Observation 3: Indicating common backoff counter requires large DCI overhead to cover all backoff counter values, especially for low traffic priority. In contrast, indicating UE-specific CWS set requires a few DCI bits.
Proposal 1: Common backoff counter is inefficient in terms of transmission timing alignment, channel access probability and signaling indication, and therefore is not supported for eLAA.
2.2 Self-deferral with/without reservation signal
Following options can be discussed to avoid the inter-UE blocking issue.
· Option 1: Self-deferral

· Option 2: Hybrid of self-deferral and reservation signal with dynamic indication

For option 1, self-deferral to the subframe boundary can certainly solve the inter-UE blocking issue. However, this would impact the probability for channel access for category 4 UL LBT since the channel may be occupied by other nodes. 
For option 2, a hybrid of self-deferral and reservation signal is considered to give some flexibility to the eNB, which can achieve a tradeoff between the probability for channel access for category 4 UL LBT and the inter-UE blocking. For the moment when the impact of intra-cell blocking issue is negligible, e.g., there is only one or very few UEs to be scheduled, it is beneficial for the eNB to dynamically indicate the scheduled UE(s) to allow sending the reservation signal at certain positions after completing the backoff procedure. In this way the risk of losing the channel during the self-deferral can be avoid without causing inter-UE blocking. 
On the other hand, if multiple UEs with largely different UL CWS need to be scheduled in a UL subframe, they are indicated not to send reservation signals but to defer to the subframe boundary. There is no restriction to eNB scheduling.  
Proposal 2: For Cat.4 LBT, at least self-deferral should be supported for UL channel access to enable UE multiplexing in the same subframe. 
· It is beneficial to enable a hybrid of self-deferral and reservation signal by dynamically indicating UEs whether reservation signals are permitted for the UL transmissions.
3 Conclusions
In this contribution, we compared the candidate options to solve the inter-UE blocking issue among contending UEs. Based on the discussions, following conclusions are drawn:
Observation 1: With common backoff counter, it is necessary to restrict when the UEs start the CCA. However, even if the scheduled UEs start the CCA at the same time, it could be also hard to complete their backoff procedures simultaneously, considering different UEs may locate at different locations and therefore have different channel and interference conditions.
Observation 2: With common backoff counter, the UE with the larger CWS, e.g., with lower priority class, would lower the channel access opportunity of the other multiplexed UEs with relatively small CWSs, e.g., with higher priority class. To avoid these cases, eNB may be restricted to multiplex UEs in the same subframe only if the CWSs for these UEs are similar.
Observation 3: Indicating common backoff counter requires large DCI overhead to cover all backoff counter values, especially for low traffic priority. In contrast, indicating UE-specific CWS set requires a few DCI bits.

Proposal 1: Common backoff counter is inefficient in terms of transmission timing alignment, channel access probability and signaling indication, and therefore is not supported for eLAA.

Proposal 2: For Cat.4 LBT, at least self-deferral should be supported for UL channel access to enable UE multiplexing in the same subframe. 

· It is beneficial to enable a hybrid of self-deferral and reservation signal by dynamically indicating UEs whether reservation signals are permitted for the UL transmissions.
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