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1
Introduction

In this contribution we share our views on the remaining details of listen-before-talk (LBT) mechanism for downlink LAA.

2
Timing parameters of cat4 LBT
The following agreement has been reached [1]:

	Agreements:
· For LBT operation,  an ECCA slot size of 9 µs is used

· The actual sensing time is at least 4 µs within the slot.

· For LBT Category 4 operation for PDSCH 
· A defer period consists of a duration of 16 us followed by n consecutive CCA slots.

· n is a positive integer

· The duration of a CCA slot is 9 us.

· FFS on number of slots in the defer period, e.g., n for different QoS classes.

· No count down is performed during the duration of 16 µs at the start of the defer period.

· The backoff counter may be decremented by one at the end of a defer period when all the n slot are observed to be idle.

· If the counter reaches 0 after decrementing, the node shall not transmit immediately and continues the ECCA procedure by performing a CCA check for at least one slot

· FFS: The defer period may be aborted when the channel is observed to be busy anytime in the differ period


The first FFS (on number of slots…) in this agreement is related to different QoS classes having different lengths of defer periods. This and other related QoS LBT parameters are subject to the still ongoing email discussion [82-07]. We believe that even if QoS work that is outside of RAN1 scope cannot be finalized in Rel-13, RAN1 could agree to have the LBT related details agreed already at this point of time for future-proof purposes.

The second FFS (The defer period may be aborted…) is questionable. If such option was allowed, the node that is in initial CCA stage could abort the deferral period measurement and avoid going to eCCA. This should not be allowed. However, there is a clear need to support self-deferral during the eCCA countdown or after the eCCA countdown has finished, for example for efficient multi-carrier (multi-channel) operation or for allowing reuse 1 operation in DL to have the DL TxOP starting at a specific time. Similar self-deferral could be also applicable to UL Cat-4 LBT to enable multi-user multiplexing in SDMA/FDMA manner. Currently, the self-deferral is only mentioned in relation to multi-carrier LBT (Section 4 of this document). We think that a cleaner approach than the aforementioned FFS would be to clearly and independently define how self-deferral operates.

Proposal #1: Self-deferral operation during or after the eCCA countdown should be clearly defined and should be generally applicable for single-carrier and multi-carrier operation.

3
Contention window size adjustment
Regarding CWS adjustment, RAN1 has reached following decision at RAN1#82 [4]:

	Agreements:
For contention window size adjustment for LBT category 4 operation for PDSCH, the following options should be studied further

· For LBT Category 4 operation for PDSCH, the CWS (contention window size) is adjusted based on  HARQ ACK/NACK feedback

· FFS on the details of how to use the HARQ ACK/NACK feedback. More details on the procedure should be provided as much as possible within RAN1#82

· For LBT Category 4 operation for PDSCH, the CW size is adjusted based on the eNB medium sensing based metrics

· The following options have been identified to derive the metric

· Option 1: Number of busy periods between transmissions 

· A busy period is the total time the channel is occupied between two idle CCA slots 
· Option 2: Number of idle slots (or) ratio of the number of idle to busy slots within a defined observation window
· FFS on the details for the two options above. More details on the procedures should be provided as much as possible within RAN1#82


3.1 CWS adjustment based on HARQ-ACK feedback

Ack/Nack based exponential backoff is present in 802.11 and therefore a similar mechanism is clearly able to provide fair channel access with Wi-Fi in this respect. Based on email discussion [82-08] and corresponding WF [2], the following agreement is available:

	Agreement in [82-08]:
For CWS adjustment based on HARQ-ACKs, the considered set of HARQ-ACK feedback values is defined as the following: 
· HARQ-ACK values candidate set: The set of HARQ-ACK feedback values considered for adapting the contention window size correspond to the HARQ-ACKs that are decoded and available at the time when the contention window size (CWS) is determined.

The following options are considered for adapting the CWS based on the set of considered HARQ-ACK feedback values: 

· Option 1: The CWS is increased if all of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) are NACK. Otherwise, the CWS is reset to the minimum value.

· Option 2: The CWS in increased if at least one of the considered HARQ-ACK feedback values corresponding to a single subframe (e.g. the latest DL subframe or the first DL subframe of the latest DL transmission burst) is NACK. Otherwise, the CWS is reset to the minimum value.

· Option 3: The CWS is increased if at least Z% of the HARQ-ACK feedback values within a predefined window are NACK. Otherwise, the CWS is reset to the minimum value.

· FFS on timing and size of the window

In addition, the CWS is reset to the minimum value if at least one of the following conditions are met:

· Alt 1: if the maximum CWS is used for K consecutive eCCA for transmission e.g. K=1 or 2 or 3. FFS on K 

· Alt 2: if there has been no DL transmission by the eNB for a duration of at least T. FFS on T.

· FFS on other alternatives


Whichever way of combining HARQ-ACKs is chosen, we think the observation window (HARQ-ACK values candidate set) should be the same. For simplicity, HARQ-ACKs from a single subframe can be considered (as in Option 1). However, it should not be left for eNB choice which subframe to use, because that could lead to eNB unfairly choosing to support its best interest. Therefore, we propose that eNB uses HARQ-ACKs from the last available subframe at the time of the eCCA counter value generation.

Proposal #2: For CWS adjustment based on HARQ-ACK feedback, eNB should combine HARQ-ACKs from the last available DL subframe at the moment of the eCCA counter value generation.

From the 3 available options for adapting the CWS (assuming the same HARQ-ACK candidate set), Option 2 clearly does not fit LTE/LAA, because it does not take into account that link adaptation BLER target can be in order of 10-20% in order to harvest the gains from HARQ available in the LTE technology.

Our preferred option is Option 1. Our coexistence results [3] show that it provides best performance for LAA and consequently also best coexistence with Wi-Fi. Limiting the considered HARQ-ACK set to 1 subframe also prevents for misusing this combining rule with an arbitrarily large set. If however Option 1 cannot be agreed, Option 3 can also be considered, but the value of Z must be allowed to be quite high, for example 80%, as there may be only a few HARQ-ACKs in a single subframe available. This may result in a rather large granularity of the percentage of NACKs out of the HARQ-ACK candidate set.

Proposal #3: The CWS is increased if all of the considered HARQ-ACK feedback values are NACK (Option 1). Alternatively, use a Z value within 80-100% of NACKs as threshold (Option 3).

Furthermore, the agreement states that CWS may be reset to the minimum value if certain conditions are met. Alt 1 is in principle similar to Wi-Fi operation, where CWS is reset if the Short Retry Limit counter (for control frames) or the Long Retry Limit counter (for data frames) reaches a configured value. Because these values can be configured to be as little as 1, similar relaxed limitation should apply for LAA as well.

Proposal #4: For the CWS reset Alternative 1, the minimum value of K is 1.

The Alt 2 condition makes logically very much sense too, as after certain time period of inactivity (no data in the buffer, no sensing of the channel) the observed HARQ-ACK feedback does not reflect situation on the medium anymore. The period T could be in order of 20-50ms.

Proposal #5: For the CWS reset Alternative 2, the minimum T is in the order of 20-50ms.

3.2 CWS adjustment based on eNB sensing

For CWS adjustment based on eNB channel sensing, the following proposals from the email discussion [82-09] is on the table:

	Agreement in [82-09]:
For LBT Category 4, contention window size (CWS) adaptation is based on observation of busy and idle slots at the eNB in an observation window. The following options are considered for adapting the CWS
· Option 1: Metric = Number of busy periods
· Option 2: Metric = Number of busy slots

· Adaptation rule
· If the metric is larger than a threshold, then increase the CW size
· If the metric is smaller than a threshold, then reduce (or reset) the CW size
· Threshold
· Threshold can be predefined value or derived from current CWS value or properties of the observation window
· Observation window
· Option A: The time between two DL PDSCH transmissions 
· Option B: The time between the random ECCA counter is drawn and the time when the counter reaches zero (or) the time that the packet is transmitted

· Note: for both options, the observation window may exclude the time period that the eNB voluntarily freezes the counter during the ECCA procedure or when the eNB is not sensing the channel.

· There may be other conditions under which CW size is reset to minimum (e.g. buffer is flushed etc.)


The two available options on the metric for CWS adaptation (Option 1 vs. Option 2) are very different in nature. Option 1, i.e. the number of busy periods, gives information on how often the channel is busy. Ideally, this could provide an estimate on how many other nodes contend for the channel. In practice however, power fluctuations due to fading and/or precoding complicate the estimation. There would be a need to more explicitly define a ‘busy period’ and the metric may become too complicated. Therefore, we think that the number of busy slots of Option 2 is a better metric.

Depending on the length of the observation window, the number of busy slots might be varying due to the fact that the observation window is shorter or longer. Therefore, the threshold definition should take the length of the observation window into account (e.g. related to the total number of CCA slots within the observation window). 

As already highlighted by us during the email discussion [82-09], there are basically three different options of the observation window definition. Option A, Option B as described above as well as third option given by the note on self-deferral, which would when being combined with Option A and B lead to the same observation window definition (i.e. only the monitored CCA slots during the eCCA period – excluding self-deferral).

In case of an eNB having constantly full buffer (i.e. the eNB will try to get access to the channel again after a DL TxOP), Option A and Option B would correspond basically to the same observation window. In case of having no data in the buffer, Option A would still monitor the channel although currently not trying to contend for the channel and therefore would get more information on channel occupancy or channel usage as such. Therefore, we think Option A might be a good selection for the contention window size definition.

In case eNB sensing based CW adaptation is to be adapted, based on above discussions the following details are proposed: 

Proposal #6: Adopt the number of busy slots (Option 2) as the metric for adapting the CWS based on eNB sensing.

Proposal #7: The threshold definition should relate to size/length of the observation window, i.e. the threshold in terms of number of busy slots should be a function of the total number of slots inside the observation window. 

Proposal #8: Define the observation window, as the time between two DL PDSCH transmissions (Option A), as this seems to be the cleanest definition that includes information on times when the eNB is not contending for the channel. 

4
Multi-carrier LBT 
The following agreement has been reached at RAN1#82 meeting [4]:

	Agreements:
· For multi-Carrier LBT on a group carriers

· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers. 

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.


4.1 Cat-4 based LBT only on one carrier (Alt1)

Regarding the first FFS (How fast the eNB…), we believe that eNB should be allowed to change the primary LBT carrier as dynamically as possible, without aborting eCCA process that is already running as at least the eCCA procedure should be finalized. This means that the primary LBT carrier may be switched after a DL transmission burst (TxOP).

Proposal #9: If Cat-4 LBT is performed only on one out of multiple carriers, the choice of this primary LBT carrier can dynamically change after every finished eCCA procedure or downlink transmission. The primary LBT carrier must not be changed while eCCA procedure is running.

The second FFS (Whether to apply…) and the third FFS (Energy detection threshold…) should be related to each other. If LAA channels are required to be bonded as in Wi-Fi, a relaxed energy detection threshold (as in Wi-Fi) should be allowed for secondary LBT carriers in LAA as well. This means applying 3dB higher aggregated threshold in the 2x20MHz carriers that correspond to Wi-Fi’s secondary 40MHz channel and 6dB higher aggregated threshold in the 4x20MHz carriers that correspond to Wi-Fi’s secondary 80MHz channel (see Section 22.3.19.5.2 in [5]). If on the other hand primary and secondary LBT carriers are not bonded, than the default energy detection threshold (-62dBm for 20MHz) should be followed for each of the carriers.

Proposal #10: If Cat-4 LBT is performed only on one out of multiple carriers, and these carriers are bonded together as in Wi-Fi, energy detection threshold on the carriers that do not perform Cat-4 LBT can be scaled up as in Wi-Fi. If the carriers are not bonded, the default energy detection threshold of -62dBm for 20MHz should be applied on each of the carriers.

4.2 Cat-4 based LBT on more than one carrier (Alt2)

In this alternative there is an FFS (If the eNB can receive…), the purpose of which is to give additional protection to multi-channel Wi-Fi transmissions. Because Cat-4 LBT is based on continuous sensing, it may have higher chance to access a channel than a secondary Wi-Fi channel, where sensing is done only at moments decided by the primary Wi-Fi channel. This only holds if the LAA node can transmit on one carrier and at the same time sense the channel at another carrier.

If this rule is applied, the value of X could be 80MHz, as the most commonly used continuous transmission bandwidth in Wi-Fi is 80MHz.

Proposal #11: If eNB is required to freeze its backoff counter on some carriers due to other carriers transmitting, this requirement should apply only if the sensing and transmitting carriers are within 80MHz apart.

4.3 LAA to support Alt1 & Alt2 or Alt. 2 only

We think that as both alternatives are able to provide fair coexistence with Wi-Fi in terms of multi-carrier LBT operation, there is no need to restrict different eNB implementation strategies. Therefore, both methods should be supported for LAA and leave the selection up to eNB implementation. 

Proposal #12: LAA should support both multi-carrier LBT modes (of Alt. 1 and Alt. 2) and leave the selection of the mode up to eNB implementation in order to support different multi-carrier operation strategies. 

5
Conclusions

In this contribution we discussed the remaining details of Cat-4 listen-before-talk mechanism for LAA downlink.

Based on the discussions in this contribution, we would like to summarize our related proposals:

· Proposal #1: Self-deferral operation during or after the eCCA countdown should be clearly defined and should be generally applicable for single-carrier and multi-carrier operation.

· Proposal #2: For CWS adjustment based on HARQ-ACK feedback, eNB should combine HARQ-ACKs from the last available DL subframe at the moment of the eCCA counter value generation.

· Proposal #3: The CWS is increased if all of the considered HARQ-ACK feedback values are NACK (Option 1). Alternatively, use a Z value within 80-100% of NACKs as threshold (Option 3).
· Proposal #4: For the CWS reset Alternative 1, the minimum value of K is 1.

· Proposal #5: For the CWS reset Alternative 2, the minimum T is in the order of 20-50ms.

· Proposal #6: Adopt the number of busy slots (Option 2) as the metric for adapting the CWS based on eNB sensing.

· Proposal #7: The threshold definition should relate to size/length of the observation window, i.e. the threshold in terms of number of busy slots should be a function of the total number of slots inside the observation window. 

· Proposal #8: Define the observation window, as the time between two DL PDSCH transmissions (Option A), as this seems to be the cleanest definition that includes information on times when the eNB is not contending for the channel. 

· Proposal #9: If Cat-4 LBT is performed only on one out of multiple carriers, the choice of this primary LBT carrier can dynamically change after every finished eCCA procedure or downlink transmission. The primary LBT carrier must not be changed while eCCA procedure is running.

· Proposal #10: If Cat-4 LBT is performed only on one out of multiple carriers, and these carriers are bonded together as in Wi-Fi, energy detection threshold on the carriers that do not perform Cat-4 LBT can be scaled up as in Wi-Fi. If the carriers are not bonded, the default energy detection threshold of -62dBm for 20MHz should be applied on each of the carriers.

· Proposal #11: If eNB is required to freeze its backoff counter on some carriers due to other carriers transmitting, this requirement should apply only if the sensing and transmitting carriers are within 80MHz apart.

· Proposal #12: LAA should support both multi-carrier LBT modes (of Alt. 1 and Alt. 2) and leave the selection of the mode up to eNB implementation in order to support different multi-carrier operation strategies. 

References 

[1] RP-151325, “Status report of Work Item on Licensed-Assisted Access to Unlicensed Spectrum,” Ericsson, September 2015

[2] R1-154959, “WF on CW adjustment based on HARQ-ACK feedback,” Ericsson, Samsung, August 2015

[3] R1-154470, “LAA coexistence results with different HARQ-ACK combiners,” Nokia Networks, August 2015

[4] Final Chairman’s notes, RAN1#82, August 2015

[5] IEEE Std 802.11ac-2013, “IEEE Standard for Information technology. Telecommunications and information exchange between systems. Local and metropolitan area networks. Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications. Amendment 4:  Enhancements for Very High Throughput for Operation in Bands below 6 GHz,” IEEE Computer Society

