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15
Channel access procedures for LAA

15.1
Downlink channel access procedures

An eNB operating LAA Scell(s) shall perform the channel access procedures described in this sub clause for accessing the channel(s) on which the LAA Scell(s) transmission(s) are performed. 

15.1.1
Channel access procedure for transmission(s) including PDSCH
The eNB may transmit a transmission including PDSCH on a carrier on which LAA Scell(s) transmission(s) are performed , after first sensing the channel to be idle during the slot durations of a defer duration 
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; and after the counter 
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is zero in step 4. The counter 
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 is adjusted by sensing the channel for additional slot duration(s) according to the steps below:
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set 
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 is a random number uniformly distributed between 0 and 
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, and go to step 4;
2)
if 
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 and the eNB chooses to decrement the counter, set 
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3)
sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, 
go to step 5;

4)
if 
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, stop; else, go to step 2.

5)
sense the channel until either a busy slot is detected within an additional defer duration 
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 or all the slots of the additional defer duration 
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 are detected to be idle;

6)
if the channel is sensed to be idle during all the slot durations of the additional defer duration 
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, go to step 4; else, go to step 5;

If an eNB has not transmitted a transmission including PDSCH on a carrier on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the carrier, if the channel is sensed to be idle at least in a slot duration 
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 when the eNB is ready to transmit PDSCH. If the channel has not been sensed to be idle in a slot duration 
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 when the eNB first senses the channel after it is ready to transmit, the eNB proceeds to step 1 after sensing the channel to be idle during the slot durations of a defer duration 
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includes an idle slot duration 
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A slot duration 
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is considered to be idle if the eNB senses the channel during the slot duration, and the power detected by the eNB for at least 
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within the slot duration is less than energy detection threshold 
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is the contention window. 
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adjustment is described in sub clause 15.1.3.
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are chosen before step 1 of the procedure above.
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are based on channel access priority class associated with the eNB transmission, as shown in Table 15.1.1-1.
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 adjustment is described in sub clause 15.1.4

If the eNB transmits discovery signal transmission(s) not including PDSCH when 
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in the procedure above, the eNB shall not decrement N during the slot duration(s) overlapping with discovery signal transmission.

The eNB shall not continuously transmit on a carrier on which the LAA Scell(s) transmission(s) are performed, for a period exceeding
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Table 15.1.1-1: Channel Access Priority Class
	Channel Access Priority Class (
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	2 ms
	{3,7}
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	15
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	{7,15}
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	8 or 10 ms
	{15,31,63}

	4
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	15
	1023
	8 or 10 ms
	{15,31,63,127,255,511,1023}


For LAA operation in Japan, if the eNB has transmitted a transmission after 
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in step 4 of the procedure above, the eNB may transmit the next continuous transmission, for duration of maximum 
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15.1.2
Channel access procedure for transmissions including discovery signal transmission(s) and not including PDSCH
An eNB may transmit a transmission including discovery signal but not including PDSCH on a carrier on which LAA Scell(s) transmission(s) are performed immediately after sensing the channel to be idle for at least a sensing interval 
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. The channel is considered to be idle for 
[image: image66.wmf]drs

T

if it is sensed to be idle during the slot durations of 
[image: image67.wmf]drs

T

.
15.1.3
Contention window adjustment procedure
If the eNB transmits transmissions that are associated with channel access priority class 
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on a carrier, the eNB maintains the contention window value 
[image: image69.wmf]p

CW

 and adjusts 
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 before step 1 of the procedure described in sub clause 15.1.1 for those transmissions using the following steps:

1)
for every priority class
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2)
if at least 
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 of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe 
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are determined as NACK, increase 
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 for every priority class 
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to the next higher allowed value and remain in step 2; otherwise, go to step 1.

Reference subframe 
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 is the starting subframe of the most recent transmission on the carrier made by the eNB, for which at least some HARQ-ACK feedback is expected to be available. 

If 
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, the next higher allowed value for adjusting 
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For determining 
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,

-
if the eNB transmission(s) for which HARQ-ACK feedback is available start in the second slot of subframe 
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, HARQ-ACK values corresponding to PDSCH transmission(s) in subframe 
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are also used in addition to the HARQ-ACK values corresponding to PDSCH transmission(s) in subframe 
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.

-
if the HARQ-ACK values correspond to PDSCH transmission(s) on an LAA SCell that are assigned by (E)PDCCH transmitted on the same LAA SCell,

-
if no HARQ-ACK feedback is detected for a PDSCH transmission by the eNB, or if the eNB detects ‘DTX’, ‘NACK/DTX’ or ‘any’ state, it is counted as NACK.

-
if the HARQ-ACK values correspond to PDSCH transmission(s) on an LAA SCell that are assigned by (E)PDCCH transmitted on another serving cell,

-
if the HARQ-ACK feedback for a PDSCH transmission is detected by the eNB, ‘NACK/DTX’ or ‘any’ state is counted as NACK, and ‘DTX’ state is ignored.

-
if no HARQ-ACK feedback is detected for a PDSCH transmission by the eNB 
-
if PUCCH format 1b with channel selection is expected to be used by the UE, ‘NACK/DTX’ state corresponding to ‘no transmission’ as described in subclauses 10.1.2.2.1, 10.1.3.1 and 10.1.3.2.1 is counted as NACK, and ‘DTX’ state corresponding to ‘no transmission’ is ignored.-
Otherwise, the HARQ-ACK for the PDSCH transmission is ignored.
-
if a PDSCH transmission has two codewords, the HARQ-ACK value of each codeword is considered separately

-
bundled HARQ-ACK across M subframes is considered as M HARQ-ACK responses.
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 is selected by eNB from the set of values {1, 2, …,8} for each priority class 
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15.1.4
Energy detection threshold adaptation procedure
An eNB accessing a carrier on which LAA Scell(s) transmission(s) are performed, shall set the energy detection threshold (
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) to be less than or equal to the maximum energy detection threshold 
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If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation) then:
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Where:

-
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= 10dB for transmission(s) including PDSCH;

-
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= 5dB for transmissions including discovery signal transmission(s) and not including PDSCH;
-
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 = 23 dBm;
-
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 is the set maximum eNB output power in dBm for the carrier;
-
eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
-
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BWMHz is the single carrier bandwidth in MHz.
15.1.5
Channel access procedure for transmission(s) on multiple carriers
An eNB can access multiple carriers on which LAA Scell(s) transmission(s) are performed, according to one of the Type A or Type B procedures described in this subclause. 

15.1.5.1
Type A multi-carrier access procedures
The eNB shall perform channel access on each carrier 
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 is a set of carriers on which the eNB intends to transmit, and 
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, and 
[image: image111.wmf]q

is the number of carriers on which the eNB intends to transmit.

The counter 
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 described in subclause 15.1.1 is determined for each carrier 
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 is maintained according to subclause 15.1.5.1.1or 15.1.5.1.2.

15.1.5.1.1
Type A1
Counter 
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 as described in subclause 15.1.1 is independently determined for each carrier 
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If the absence of any other technology sharing the carrier cannot be guaranteed on a long term basis (e.g. by level of regulation), when the eNB ceases transmission on any one carrier 
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, for each carrier 
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15.1.5.1.2
Type A2
Counter 
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is determined as described in subclause 15.1.1 for carrier 
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When the eNB ceases transmission on any one carrier for which 
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 is determined, the eNB shall reinitialise
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15.1.5.2
Type B multi-carrier access procedure 

A carrier 
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is selected by the eNB as follows

-
the eNB selects 
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by uniformly randomly choosing 
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To transmit on carrier 
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-
the eNB shall perform channel access on carrier 
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according to the procedures described in subclause 15.1.1 with the modifications described in 15.1.5.2.1 or 15.1.5.2.2.

To transmit on carrier 
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-
for each carrier 
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, the eNB shall sense the carrier 
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15.1.5.2.1
Type B1
A single 
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value is maintained for the set of carriers 
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-
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to the next higher allowed value; otherwise, go to step 1.
15.1.5.2.2
Type B2
A 
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value is maintained independently for each carrier 
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using the procedure described in subclause 15.1.3.

For determining 
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15.2
Uplink channel access procedures

A UE and a eNB scheduling UL transmission(s) for the UE shall perform the channel access procedures described in this sub clause for accessing the channel(s) 
on which the LAA Scell(s) transmission(s) are performed. 
15.2.1
Channel access procedure for transmission(s) including PUSCH
The UE can access a carrier on which LAA Scell(s) transmission(s) are performed for transmitting transmission(s) including PUSCH, according to one of Type 1 or Type 2 UL channel access procedures. Type 1 channel access procedure is described in sub clause 15.2.1.1. Type 2 channel access procedure is described in sub clause 15.2.1.2.

For both Type1 and Type2 channel access procedures, the UL channel access priority class 
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Table 15.2.1-1: Channel Access Priority Class for UL

	Channel Access Priority Class (
[image: image176.wmf]p

)
	
[image: image177.wmf]p

m


	
[image: image178.wmf]p

CW

min,


	
[image: image179.wmf]p

CW

max,


	
[image: image180.wmf]p

ulm

T

cot,


	allowed 
[image: image181.wmf]p

CW

sizes
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	2 ms
	{3,7}
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	15
	3 ms
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NOTE 2: The MCOT of 6 ms may be increased to 8 ms by inserting one or more gaps. The minimum duration of a pause shall be 100 µs. The maximum duration (Channel Occupancy) before including any such gap shall be 6 ms. The gap duration is not included in the channel occupancy time
. 


The UE shall not continuously transmit on a carrier on which the LAA Scell(s) transmission(s) are performed, for a period exceeding
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 as given in Table 15.2.1-1
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If the UE scheduled to transmit transmissions including PUSCH in a set subframes 
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 using DCI Format 0B/4B, and if the channel is sensed to be not idle for a transmission in subframe 
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is the number of scheduled subframes indicated in the DCI. 

If the UE is scheduled to transmit transmissions including PUSCH in subframe 
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 and immediately in subframe 
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, the UE is not expected to be indicated with different channel access types for the transmissions in those subframes. 

The eNB may indicate Type 2 channel access procedure in the DCI of an uplink grant scheduling transmission(s) including PUSCH on a carrier in subframe 
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, if the eNB has transmitted on the carrier according to the channel access procedure described in sub clause 15.1.1, and if subframe 
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 is the time instant when the eNB has started transmission, and 
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value is determined by the eNB as described in sub clause 15.1.1.

15.2.1.1
Type 1 UL channel access procedure

If the UL grant scheduling a transmission including PUSCH indicates Type 1 channel access procedure, the UE may transmit the transmission including PUSCH after first sensing the channel to be idle during the slot durations of a defer duration 
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is zero in step 4. The counter 
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 is adjusted by sensing the channel for additional slot duration(s) according to the steps described below. 

1)
set 
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, and go to step 4;

2)
if 
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 and the UE chooses to decrement the counter, set 
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;

3)
sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, 
go to step 5;

4)
if 
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, stop; else, go to step 2.

5)
sense the channel until either a busy slot is detected within an additional defer duration 
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 or all the slots of the additional defer duration 
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 are detected to be idle;

6)
if the channel is sensed to be idle during all the slot durations of the additional defer duration 
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, go to step 4; else, go to step 5;

If the UE has not transmitted a transmission including PUSCH on a carrier on which LAA Scell(s) transmission(s) are performed after step 4 in the procedure above, the UE may transmit a transmission including PUSCH on the carrier, if the channel is sensed to be idle at least in a slot duration 
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 when the UE is ready to transmit PUSCH. If the channel has not been sensed to be idle in a slot duration 
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 when the UE first senses the channel after it is ready to transmit, the UE proceeds to step 1 after sensing the channel to be idle during the slot durations of a defer duration 
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. 

The defer duration 
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immediately followed by 
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, and 
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includes an idle slot duration 
[image: image219.wmf]sl

T

at start of 
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A slot duration 
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is considered to be idle if the UE senses the channel during the slot duration, and the power detected by the UE for at least 
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within the slot duration is less than energy detection threshold 
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. Otherwise, the slot duration 
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 is considered to be busy.
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is the contention window. 
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adjustment is described in sub clause x.y.z
.
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are chosen before step 1 of the procedure above.
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are based on channel access priority class signalled to the UE 
, as shown in Table 15.2.1-1.
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 adjustment is described in sub clause x.y.z

15.2.1.2
Type 2 UL channel access procedure

If the UL grant scheduling a transmission including PUSCH indicates Type 2 channel access procedure, the UE may transmit the transmission including PUSCH immediately after sensing the channel to be idle for at least a sensing interval 
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 consists of a duration 
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includes an idle slot duration 
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at start of 
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. The channel is considered to be idle for 
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if it is sensed to be idle during the slot durations of 
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.

15.2.2
Channel access procedure for transmission(s) including SRS and not including PUSCH

�According to CR 625 (R1-163435), the term “channel” was replaced by “carrier” in several but not all instances of DL channel access description. Current UL text attempts to maintain parity with DL terminology. However, further refinement may be needed (for both UL and DL). 


�Placeholder text. Update after more details exact signalling method for signalling p are agreed.


�Update later based on final RRC terminology agreed for this parameter.


�Placeholder text, needs to be improved in next version. e,g. the terms ‘pause’ and ‘gap’ need to be clarified.


�Placeholder text. Updates may be needed based on further agreements. Note 2 related to ‘gaps’ 


�Placeholder text to start capturing the following series of agreements. Text will be revised in the next version to account for ‘gaps’ etc., after FFSs related to gaps are resolved.





Agreement:


For the DL and UL transmissions occurring on the same channel, an eNB starting the DL transmission based on a Cat 4 LBT with a given MCOT, can share its channel occupancy with its UEs such that the total transmission duration by the eNB and UEs does not exceed the MCOT limit….


…


…


�Placeholder text for now. Can be updated if different behaviour is agreed for UL.


�Update after explicit agreements are made wrt CW adjustment


�Update after explicit agreement is made on how the priority class is signalled to the UE


�Update after explicit agreement is made related to UE LBT energy detection threshold.


�The exact value may need to be updated to align with LTE sampling rate?


�Placeholder text for now. Can be updated if this behaviour is different for UL channel access procedure.


�Update after further agreements are made.
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