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1 Introduction
At RAN1 #85 meeting [1] and the following email discussions, the signaling of LBT parameters were discussed, and it was agreed that:
Agreement:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant
Agreement:

· When the UE performs Cat. 4 LBT, it uses the priority class signaled by the eNB
· There is no additional restriction at the UE (other than the multiplexing rules defined in RAN2) on the type of the traffic that can be carried in the scheduled subframes.

· eNB shall not schedule the UE more subframes than what is needed to transmit all the traffic corresponding to the same LBT priority class or lower (i.e., with a lower number in the LBT priority class table) than the signaled LBT priority class based on the latest BSR and received UL traffic from the UE.

· The eNB is responsible for making sure that the mapping between QCI and LBT priority class is consistent with section 5.7.1 in TS 36.300.

· The eNB is expected to take the QCI with the lowest priority in the logical channel group into account when defining the LBT priority class for a logical channel group
Agreements:

· Transmission on UL is allowed to start at the following times in a UL subframe

· Start of DFTS-OFDM symbol 0

· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0  

· FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol
Agreement:

· Timing of 25 us gap immediately before transmission of PUSCH and SRS for 25 us LBT is decided by the eNB and is indicated to the UE
Agreement:

· UE is not expected to be signaled different LBT types for all consecutively scheduled subframes when there is no gap between the consecutive subframes. 

· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.
In this contribution, we discuss the eNB signaling for UL LBT parameters, including 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
It has been agreed in [85-5-6] to dynamically indicate LBT type to UEs via UL_grant, including:
· LBT based on 25us CCA

· Cat.4 LBT
2.2 Priority class

It has been agreed in #85 meeting [1] that one of the four priority classes needs to be indicated to the Cat.4 UE to avoid mismatched LBT parameters and MCOT. 
2.3 Start position of UL subframe
The candidate PUSCH start positions and the possible LBT type are given as below:

· Start of DFTS-OFDM symbol 0 (OS#0): 25us CCA, Cat.4 LBT
· Start of DFTS-OFDM symbol 1 (OS#1): 25us CCA, Cat.4 LBT
· 25 us after start of DFTS-OFDM symbol 0 (25us): 25us CCA
· 25 us + TA value after start of DFTS-OFDM symbol 0 (25us + TA): 25us CCA
2.4 Cat.4 CWS
As analyzed in our companion contribution [2], eNB managing the Cat.4 CWS could be beneficial from complexity and overhead perspectives. If it is agreed to adjust the CWS at the eNB side, Cat.4 CWS parameters should also be signaled to the UE.
3 Joint coding of UL LBT parameters
Considering the relationship among LBT type, start position, priority class, and CWS (if supported), as well as separate indication of LBT parameters may cause additional overhead and wrong combination would confuse UE understanding, it is suggested to adopt joint coding of multiple LBT parameters.
If the CWS is maintained at the UE side and there is no need to signal the CWS parameter, the joint coding of LBT parameters is as Table 1.
Table 1. CWS is maintained at the UE side: joint coding of priority class, LBT type, and start position
	Bit field
	Priority class
	LBT type
	Start position

	0000
	N/A
	25us CCA
	OS #0

	0001
	N/A
	25us CCA
	OS #1

	0010
	N/A
	25us CCA
	25us

	0011
	N/A
	25us CCA
	25us + TA

	0100~0111
	Class 1, 2, 3, 4
	Cat.4
	OS #0

	1000~1011
	Class 1, 2, 3, 4
	Cat.4
	OS #1

	1100~1111 

(reserved)
	N/A
	N/A
	N/A


Compared to separately encoding all the LBT parameters, the signaling overhead of joint encoding is reduced from 5 to 4 bits. More importantly it avoids the incorrect combinations, e.g., signaling 25us CCA together with priority class, or signaling Cat.4 LBT with 25us start position, etc.
If the CWS is maintained at the eNB side and the CWS parameter is indicated to the UE, the joint coding of LBT parameters is as Table 2.

Table 2. CWS is indicated to the UE: joint coding of priority class, LBT type, start position, and CWS
	Bit field
	Priority class
	LBT type
	Start position
	CWS value (if supported)

	000000
	N/A
	25us CCA
	OS #0
	N/A

	000001
	N/A
	25us CCA
	OS #1
	N/A

	000010
	N/A
	25us CCA
	25us
	N/A

	000011
	N/A
	25us CCA
	25us + TA
	N/A

	000100~000101
	1
	Cat.4
	OS #0
	3,7

	000110~000111
	1
	Cat.4
	OS #1
	3,7

	001000~001001
	2
	Cat.4
	OS #0
	7,15

	001010~001011
	2
	Cat.4
	OS #1
	7,15

	001100~011001
	3, 4
	Cat.4
	OS #0
	15,31,63,127,255,511,1023

	011010~100111
	3, 4
	Cat.4
	OS #1
	15,31,63,127,255,511,1023

	101000~111111

(reserved)
	N/A
	N/A
	N/A
	N/A


Compared to separately encoding all the LBT parameters, the signling overhead of joint encoding is reduced from 8 to 6 bits. It also avoids the incorrect combinations as mentioned above.

Observation: Signaling overhead can be reduced by joint encoding LBT parameters as compared to separate indication.
· 1 bit overhead can be reduced if CWS is maintained at the UE side.
· 2 bits overhead can be reduced if the CWS is maintained at the eNB side and informed to the UE.
Proposal 1: To reduce the signaling overhead and avoid incorrect parameter combinations, it is suggested to adopt joint coding of LBT type, UL subframe start position, priority class and CWS (if supported).
4 UL transmission scheduled in consecutive subframes

For UL transmissions scheduled in consecutive subframes, each UL grant would contain one LBT type indication. Within either the eNB’s or this UE’s MCOT acquired after a successful LBT,  if there is no gap between the consecutive subframes, the following subframes (except the 1st subframe) should ignore the LBT indication in the UL grant and continue transmission until MCOT is reached.
Proposal 2: Within the eNB’s or UE’s MCOT, for a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set regardless of the LBT indication for the following subframes
5 Self-deferral with/without reservation signal
Although self-deferral to the subframe boundary can solve the inter-UE blocking issue, it would impact the probability for successful channel access since the channel may be occupied by other contending nodes during the self-deferral time. Therefore, a hybrid of self-deferral and reservation signal could be considered to give some flexibility to the eNB by dynamically indicating whether reservation signal is allowed to be sent. For the moment when the impact of intra-cell blocking issue is negligible, e.g., only one or very few UEs are 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 backoff. 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. It can achieve a tradeoff between the probability for channel access for Cat.4 LBT and the inter-UE blocking with no restriction to eNB scheduling.

Proposal 3: 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.
6 Conclusions
In this contribution, we discussed the signaling for UL LBT parameters and the benefits of joint coding for the LBT parameters. Based on the discussions, following conclusions are drawn:
Observation: Signaling overhead can be reduced by joint encoding LBT parameters as compared to separate indication.
· 1 bit overhead can be reduced if CWS is maintained at the UE side.

· 2 bits overhead can be reduced if the CWS is maintained at the eNB side and informed to the UE.
Proposal 1: To reduce the signaling overhead and avoid incorrect parameter combinations, it is suggested to adopt joint coding of LBT type, UL subframe start position, priority class and CWS (if supported).
Table 1. CWS is maintained at the UE side: joint coding of priority class, LBT type and start position
	Bit field
	Priority class
	LBT type
	Start position

	0000
	N/A
	25us CCA
	OS #0

	0001
	N/A
	25us CCA
	OS #1

	0010
	N/A
	25us CCA
	25us

	0011
	N/A
	25us CCA
	25us + TA

	0100~0111
	Class 1, 2, 3, 4
	Cat.4
	OS #0

	1000~1011
	Class 1, 2, 3, 4
	Cat.4
	OS #1

	1100~1111 

(reserved)
	N/A
	N/A
	N/A


Table 2. CWS is indicated to the UE: joint coding of priority class, LBT type, start position and CWS
	Bit field
	Priority class
	LBT type
	Start position
	CWS value (if supported)

	000000
	N/A
	25us CCA
	OS #0
	N/A

	000001
	N/A
	25us CCA
	OS #1
	N/A

	000010
	N/A
	25us CCA
	25us
	N/A

	000011
	N/A
	25us CCA
	25us + TA
	N/A

	000100~000101
	1
	Cat.4
	OS #0
	3,7

	000110~000111
	1
	Cat.4
	OS #1
	3,7

	001000~001001
	2
	Cat.4
	OS #0
	7,15

	001010~001011
	2
	Cat.4
	OS #1
	7,15

	001100~011001
	3, 4
	Cat.4
	OS #0
	15,31,63,127,255,511,1023

	011010~100111
	3, 4
	Cat.4
	OS #1
	15,31,63,127,255,511,1023

	101000~111111

(reserved)
	N/A
	N/A
	N/A
	N/A


Proposal 2: Within the eNB’s or UE’s MCOT, for a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set regardless of the LBT indication for the following subframes
Proposal 3: 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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