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1   Background
At last meeting, LBT transmission model were discussed [1]. The open issues and agreements are listed as follows:
	· Use Burst Transmission Model for LAA (36.101-4, B.8) as a starting point. 
· Define tests with fixed DL Transmission duration
· With Fixed DL transmission duration in each of  the DL transmission duration, the actual number of transmitted slots is random with below candidate options

· FFS for the fixed duration length 

· Values for random COT (S1)
· Option 1: {2, 6, 10, 16} Slots;
· Option 2: {1,6,10,16} Slots; 
· Option 3: {1,2,3,4} Slots; 
· Note: 1 slot is shorter than the agreed 1ms DRS duration window
· Length of the last Slot in the burst (S2)

· Option 1: Random length, {6, 9, 12, 14} Symbols with the first 2 symbols allocated for PDCCH transmission;

· Option 2: Fixed length according to proposed model;

· Slot format

· Option 1: For 30kHz, 2ms, DDDS (S=7D:2G:2U) derived from the DL Model;

· Option 2: For 30kHz, 7D -1S-2U;

· Option 3: For 30kHz, {D, DS, DDS, DDDS} derived from the DL Model;

· Other options
· Model LBT Failure as part of the Downlink Transmission model;

· Apply the Downlink Transmission model to all DL signals in unlicensed carrier (including SSB and TRS transmission);

· FFS whether is needed to define a separate LBT model for FBE and LBE;

· Do not define tests with sub-band LBT failure (either all sub-bands are transmitted, or no sub-band is transmitted).

· Probability of LBT Failure for Scenario C: 

· Option 1: 0 (always clear channel);

· Option 2:  Same probability as Scenario A;

· Option 3: TBD>0 (probability of occupied channel);

· Probability of LBT Failure for Scenario A: 

· Option 1: TBD>0 (probability of occupied channel)
· Length of the last Slot in the burst (S2)
· Option 1: Random length, {6, 9, 12, 14} Symbols with the first 2 symbols allocated for PDCCH transmission;
· Option 2: Fixed length according to proposed model;



In this contribution, we give our further discussions
2   Discussions 
LBT model for LBE and FBE
LBT model that fixed DL transmission duration with random actual transmitted slots was agreed. We now give our analysis that if this model can apply both to FBE and LBE.

For FBE, the transmission time (Tx) is provided by semiStaticChannelAccessConfig-r16. MCOT time is defined as 0.95Tx .Within MCOT time, the actual transmitted slots is defined as scheduled slots (The red part in Figure 1) which is a random value from set S1 and remaining slots of MCOT marked in blue in Figure 1 can be described as not scheduled slots.
For LBE, as described in Figure 2, the transmission time can be described as LBT period which is corresponding to the scenario that LBT is performed periodically. The MCOT time equals to actual transmitted slots and is randomly selected from S1. The remaining slots of LBT period is described as idle time.
The above discussions are summarized in following Table:
	
	Actual transmitted slots
	Not transmitted slots

	FBE
	Scheduled slots within MCOT
	Not scheduled slots within MCOT+ Idle time(0.05Tx)

	LBE
	Equal to MCOT
	Idle time 
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Figire 1: Transmission model for FBE
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Figire 2: Transmission model for LBE

Based on above analysis, LBT model that fixed DL transmission duration with random actual transmitted slots can apply to both FBE and LBE. No need to define LBT model for FBE and LBE separately.
Proposal 1: No need to define LBT model for FBE and LBE separately.
Values for random COT and slot format

At last meeting, some companies prefer {1, 2, 3, 4} slots with {D, DS, DDS, DDDS} pattern derived from DL model (Option 3). If there is only one ‘D’ slot in many continuous burst, the feedback delay will be very long which will lead to the situation that at the time of one TB’s retransmission, corresponding ACK/NACK feedback is still not reported. If every transmission burst contain ‘S’ slot or ‘U’ slot, the problem can be avoided. Another problem is in some slots, number of slots between PDSCH and corresponding HARQ information (k1) is not indefinite. For example, if pattern {D S} is transmitted on transmission burst n, HARQ information for D slot should be transmitted on S slot on next transmission burst with random pattern {D, DS,DDS,DDDS}, the k1 will be indefinite.
Proposal 2: S1 and TDD pattern should be designed to satisfy following conditions:

a) Each transmission burst has at least one ’S’ slot or 'UL' slot to ensure that the feedback delay is not very long.
b) Number of slots between PDSCH and corresponding HARQ information (k1) should be definite.
In order to achieve the above purpose, we provide one test design as follows:
We set S1 to {4, 6, 10, 16} slots, TDD pattern to DDDSU, DL transmission duration to 10ms. The transmission slots format can be randomly selected from {DDDS, DDDSUD, DDDSUDDDSU, DDDSUDDDSUDDDSUD}. In this configuration, HARQ information of all PDSCHs will be transmitted in the current transmission burst or in the 4th slot of the next transmission burst.(It is noted that in all possible transmission patterns, the first four slots are fixed as DDDS). For ACK/NACK feedback, we give our proposal as follows:
For scenario C (Standalone), all ACK/NACKs should be transmitted on unlicense CC.
If pattern {DDDS} are transmitted, the HARQ feedback timing is described in Figure 3 and Table 1:
Table 1: Feedback for {DDDS} scenario C
	Slot index of {DDDS}
	Slot index of ACK/NACK feedback 

	1,2
	4

	3,4
	4 of next transmission burst
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Figure 3: Feedback for {DDDS} scenario C
If pattern {DDDSUD} are transmitted, the HARQ feedback timing is described in Figure 4 and Table 2:

Table 2: Feedback for {DDDSUD} scenario C
	Slot index of {DDDS}
	Slot index of ACK/NACK feedback 

	1,2
	4

	3,4,6
	4 of next transmission burst
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Figure 4: Feedback for {DDDSUD} scenario C
If pattern {DDDSUDDDSU} are transmitted, the HARQ feedback timing is described in Figure 5 and Table 3:

Table 3: Feedback for {DDDSUDDDSU} scenario C
	Slot index of {DDDS}
	Slot index of ACK/NACK feedback 

	1,2
	4

	3
	5

	4,6,7
	9

	8
	10

	9
	4 of next transmission burst
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Figure 5: Feedback for {DDDSUDDDSU} scenario C
If pattern {DDDSUDDDSU} are transmitted, the HARQ feedback timing is described in Figure 6 and Table 4:

Table 4 Feedback for {DDDSUDDDSUDDDSUD}
	Slot index of {DDDS}
	Slot index of ACK/NACK feedback 

	1,2
	4

	3
	5

	4,6,7
	9

	8
	10

	9,11,12
	14

	13
	15

	14,16
	4 of next transmission burst
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Figure 6: Feedback for {DDDSUDDDSUDDDSUD}
For scenario A with TDD (Pcell)+TDD (SCell) , all ACK/NACK is transmitted on license CC. The HARQ/NACK feedback can follow the same procedure as Rel-15 CA TDD which can be described in Figure 7~10
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Figure 7: Feedback for {DDDS} scenario A
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Figure 8: Feedback for {DDDSUD} scenario A
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Figure 9: Feedback for {DDDSUD} scenario A
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Figure 10: Feedback for {DDDSUD} scenario A
Proposal 3: Set S1 to {4, 6, 10, 16} slots, TDD pattern to DDDSU, DL transmission duration to 10ms. The transmission slots format is randomly selected from {DDDS, DDDSUD, DDDSUDDDSU, DDDSUDDDSUDDDSUD}. For scenario C: use Figure 3~6 and Table 1~4 as HARQ feedback procedure. For scenario A, use Figure 7~10 as HARQ feedback procedure.
Probability of LBT Failure 
For scenario A, we propose to set probability of LBT failure to 0.5 to follow LAA. 
For scenario C, if we set probability of LBT failure larger than 0, the HARQ feedback timing for some ‘D’ or ‘S’ slots the feedback of which is not in current transmission burst is not indefinite (e.g. Figure 5, last slot of transmission burst n). In order to solve this problem, we can introduce non-numerical value for K1, then HARQ feedback timing for these slots can be determined based on the first DCI of the next transmission burst, but it needs signalling reporting. Therefore, set probability to zero is more feasible.
Proposal 4: For scenario A, set probability of LBT failure to 0.5. For scenario C:  Set probability of LBT failure to 0
Length of the last Slot in the burst (S2)
For S2, we propose to reuse it from LAA, {6,9,12,14} symbols with the first 2 symbols allocated for PDCCH transmission.

Proposal5: For Length of the last Slot in the burst (S2), reuse it from LAA, {6,9,12,14} symbols with the first 2 symbols allocated for PDCCH transmission.
3   Conclusion
Proposal 1: No need to define LBT model for FBE and LBE separately.
Proposal 2: S1 and TDD pattern should be designed to satisfy following conditions:

a) Each transmission burst has at least one ’S’ slot or 'UL' slot to ensure that the feedback delay is not very long.
b) Number of slots between PDSCH and corresponding HARQ information (k1) should be definite.
Proposal 3: Set S1 to {4, 6, 10, 16} slots, TDD pattern to DDDSU, DL transmission duration to 10ms. The transmission slots format is randomly selected from {DDDS, DDDSUD, DDDSUDDDSU, DDDSUDDDSUDDDSUD}. For scenario C: use Figure 3~6 and Table 1~4 as HARQ feedback procedure. For scenario A, use Figure 7~10 as HARQ feedback procedure.
Proposal 4: For scenario A, set probability of LBT failure to 0.5. For scenario C:  Set probability of LBT failure to 0
Proposal5: For Length of the last Slot in the burst (S2), reuse it from LAA, {6,9,12,14} symbols with the first 2 symbols allocated for PDCCH transmission.
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