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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
At RAN1 #84bis meeting [2], the conditions on adopting 25us LBT and Cat.4 LBT were discussed, and it was agreed that:

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 the eNB assistance for UL LBT especially for Cat.4 LBT, including the issues of what types of LBT parameters should be signaled, and how to design the signaling for LBT parameters.
2 UL LBT parameters
2.1 LBT type
25us CCA can be performed within the MCOT as in the agreement and Cat.4 may be possibly required outside the MCOT. Therefore, it is preferable for the eNB to indicate 25us CCA or Cat.4 according to the MCOT length as well as the length of DL burst and assigned UL burst since the UE can hardly know the sum total duration of DL and UL transmissions. In addition, if No LBT can be supported for HARQ-ACK feedback, it is flexible to let the eNB indicate the UE whether to transmit HARQ-ACK in No LBT manner immediately after DL burst.
Therefore, it is beneficial to dynamically indicate LBT type to UEs, including:
· 25us CCA

· Cat.4

· No LBT (if any)

2.2 Gap for CCA of multiplexed UEs

In order to allow newly scheduled UEs to achieve successful LBT instead of blocked by the transmitting UEs, it is beneficial to dynamically indicate the CCA gap to scheduled UEs. The candidate locations of the CCA gap can be at the start or end of the UL subframe. For the start of the UL subframe, at least 0us and 1 DFTS-OFDM symbol (OS) CCA gap should be supported. 0us gap, i.e. No Gap can correspond to the LBT case, where the UE completes the CCA at the end of the last DL/UL subframe, or No LBT case, where the UE can continuously transmit on the UL subframe without reserving gap for other newly scheduled UEs. 1OS gap corresponds to the LBT case, including at least Cat.4 with CWS = 3 or 7.
25us CCA can also be performed during an 1OS gap, but given that partial UL subframe leads to UL performance improvement as compared to dropping the whole OS [3], it is reasonable to support 25us gap for 25us CCA while the remaining partial 1st OS of the UL subframe can be occupied by UEs after successful 25us CCA.
In addition, if No LBT can be supported for HARQ-ACK feedback, it is reasonable to allow 16us gap at the start of the UL subframe in case the last DL subframe is 14OS length.
Consequently, it is beneficial to dynamically indicate the location and the length of the gap to allow multiplexed UE(s) to perform CCA during this gap, including:

· Start of the UL subframe: {No Gap, 16us (if any), 25us, 1OS}
· End of the UL subframe: {No Gap, 1OS}
2.3 Cat.4 CWS/backoff counter
To take advantages of the MCOT structure and avoid causing the inter-UE blocking issue, it is straightforward to enable the eNB to determine the LBT type and parameters and indicate to the UEs. Two alternatives of Cat.4 parameters signaled by the eNB can be discussed:
· Alt1: Common backoff counter. A common counter is generated and indicated by the eNB side.
· Alt2: UE-specific CWS. UE-specific CWS values are maintained and indicated by the eNB side, and individual backoff counter is generated at the UE side.
By indicating a common backoff counter to the multiplexed UEs in the same UL subframe and enabling the UEs to start the CCA at the same time, the UEs may align the start of transmissions providing they have the same channel and interference conditions. 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. In addition, 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. 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.
Given the drawbacks of common backoff counter compared with individual backoff counter, it is suggested that the signaling of UL LBT parameters should include UE-specific CWS. As analyzed in our companion contribution [4], the candidate CWS values is suggested to be {3, 7}.
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. It is suggested that the signaling of UL LBT parameters should include UE-specific CWS.
2.4 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 Joint coding of UL LBT parameters
Considering the relationship among category option, CWS, and CCA gap for start of UL subframe, separate indication of LBT parameters may cause overhead redundancy and conflict UE manners. Therefore, it is suggested to adopt joint coding of multiple LBT parameters. The candidate joint coding schemes are analyzed in the following.
3.1 Joint coding of LBT type & CWS value
If LBT type and CWS value are individually indicated by different signaling, there will be conflict when 25us CCA or No LBT (if supported) is indicated together with any CWS value in another signaling since any CWS value only makes sense by matching Cat.4. As a solution, joint coding of LBT type and CWS value can be adopted to avoid the conflict of the combination of 25us CCA with any CWS value.
In addition, if No LBT is supported, 3bits are required for individual indication of LBT type {25us CCA, Cat.4, No LBT} and CWS value {3, 7}, while 1bit can be reduced by joint coding as shown in Table 1.
Therefore, to reduce the signaling overhead in case No LBT is supported and avoid confused understanding of UEs, joint coding of LBT type and CWS value can be considered.
Table 1. Joint coding of LBT type and CWS value

	Bit field
	Category option
	CWS value

	1
	25us CCA
	N/A

	2
	Cat.4
	3

	3
	Cat.4
	7

	4 (if supported)
	No LBT
	N/A


3.2 Joint coding of LBT type & CCA gap
It has been mentioned that 25us gap and 1OS gap match with 25us CCA and Cat.4, respectively; No gap can match both 25us CCA and Cat.4, where the LBT can be performed at the end of the last subframe. In addition, in case two contiguous UL subframes are scheduled, it is also suggested to indicate the LBT type together with No gap for the second UL subframe because the UE may miss the UL grant for the first UL subframe and consequently be confused for the LBT type to access the second UL subframe.
Individual indication of LBT type and CCA gap may lead to conflict when 25us gap is together with Cat.4 CCA, and lead to low efficiency when 1OS gap is together with 25us CCA. But considering that partial symbol may not be supported by some certain UE due to UE capability, 1OS gap matching with 25us CCA may also be indicated.

Moreover, if No LBT is not supported, 3bits are required for individual indication of LBT type {25us CCA, Cat.4} and CCA gap {No Gap, 25us, 1OS}, while 1bit can be reduced by joint coding as shown in Table 2. If No LBT is supported, 3bits are required according to Table 2, which reduces 1bit compared with individual indication of LBT type {25us CCA, Cat.4, No LBT} and CCA gap {No Gap, 16us, 25us, 1OS}.
Therefore, to reduce the signaling overhead and avoid confused understanding of UEs, joint coding of LBT type and CCA gap can be considered.
Table 2. Joint coding of LBT type and CCA gap
	Bit field
	Category option
	CCA gap

	1
	25us CCA
	25us

	2
	25us CCA
	1OS

	3
	Cat.4
	1OS

	4
	25us CCA
	No Gap

	5
	Cat.4
	No Gap

	6 (if supported)
	No LBT
	16us


3.3 Joint coding of LBT type & CWS value & CCA gap

Considering the relationship between LBT type with CWS value and CCA gap, the joint coding of the three LBT parameters can also achieve the benefits of overhead reduction and avoiding confused UE manner.
As shown in Table 3, if No LBT is not supported, totally 3bits are required by joint coding, which reduces 1bit as compared to individual indication of CWS value {3, 7}, CCA gap {No Gap, 25us, 1OS}, and LBT type {25us CCA, Cat.4}. If No LBT is supported, still 3bits are required, which reduces 2bits as compared to individual indication of CWS value {3, 7}, CCA gap {No Gap, 16us, 25us, 1OS}, and LBT type {25us CCA, Cat.4, No LBT}.
Therefore, to reduce the signaling overhead and avoid confused understanding of UEs, joint coding of LBT type, CWS value and CCA gap can be considered.

Table 3. Joint coding of LBT type, CWS value, and CCA gap
	Bit field
	Category option
	CCA gap
	CWS value

	1
	25us CCA
	25us
	N/A

	2
	25us CCA
	1OS
	N/A

	3
	Cat.4
	1OS
	3

	4
	Cat.4
	1OS
	7

	5
	25us CCA
	No Gap
	N/A

	6
	Cat.4
	No Gap
	3

	7
	Cat.4
	No Gap
	7

	8 (if supported)
	No LBT
	16us
	N/A


Observation 1: Individual indication of LBT type with CWS value and/or CCA gap may cause confused UE understanding, e.g., when 25us CCA LBT type is indicated together with any CWS value, or Cat.4 LBT type is indicated together with 25us CCA gap. The confusions can be avoided by joint coding by removing conflict combinations.
Observation 2: Signaling overhead can be reduced by using joint coding as compared to individual indication.
· Compared with individual indication of LBT type {25us CCA, Cat.4}, CWS value {3, 7}, and CCA gap {No Gap, 25us, 1OS},
· Joint coding of LBT type and CCA gap can reduce 1 bit overhead;
· Joint coding of LBT type, CWS value and CCA gap can reduce 1 bit overhead.
· Compared with individual indication of LBT type {25us CCA, Cat.4, No LBT}, CWS value {3, 7}, and CCA gap {No Gap, 16us, 25us, 1OS},
· Joint coding of LBT type and CWS value can reduce 1 bit overhead;
· Joint coding of LBT type and CCA gap can reduce 1 bit overhead;
· Joint coding of LBT type, CWS value and CCA gap can reduce 2 bits overhead.
Proposal 3: To reduce the signaling overhead and avoid confused understanding of UEs, it is suggested to adopt joint coding of LBT type with CWS value and/or CCA gap.
4 Conclusions
In this contribution, we discussed the eNB assistance for UL LBT especially for Cat.4 LBT, including the issues of what types of LBT parameters should be signaled, and how to design the signaling for LBT parameters. Based on the discussions, following conclusions are drawn:
Observation 1: Individual indication of LBT type with CWS value and/or CCA gap may cause confused UE understanding, e.g., when 25us CCA LBT type is indicated together with any CWS value, or Cat.4 LBT type is indicated together with 25us CCA gap. The confusions can be avoided by joint coding by removing conflict combinations.
Observation 2: Signaling overhead can be reduced by using joint coding as compared to individual indication.

· Compared with individual indication of LBT type {25us CCA, Cat.4}, CWS value {3, 7}, and CCA gap {No Gap, 25us, 1OS},
· Joint coding of LBT type and CCA gap can reduce 1 bit overhead;

· Joint coding of LBT type, CWS value and CCA gap can reduce 1 bit overhead.
· Compared with individual indication of LBT type {25us CCA, Cat.4, No LBT}, CWS value {3, 7}, and CCA gap {No Gap, 16us, 25us, 1OS},
· Joint coding of LBT type and CWS value can reduce 1 bit overhead;

· Joint coding of LBT type and CCA gap can reduce 1 bit overhead;

· Joint coding of LBT type, CWS value and CCA gap can reduce 2 bits overhead.
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. It is suggested that the signaling of UL LBT parameters should include UE-specific CWS.
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.
Proposal 3: To reduce the signaling overhead and avoid confused understanding of UEs, it is suggested to adopt joint coding of LBT type with CWS value and/or CCA gap.
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