[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #83                                                                                       R1-157256
Anaheim, USA, 16th - 20th November 2015

Source: 	Ericsson
[bookmark: Title]Title:	Details of CWS adjustment based on HARQ feedback
Agenda Item:	6.2.3.1
Document for:	Discussion and Decision
[bookmark: _Ref298777854]Introduction
At RAN1#82bis, a working assumption was made that for LBT Category 4 operation for PDSCH, the adjustment of CWS (contention window size) is based on HARQ ACK/NACK feedback, with other methods subject to further study [1]. Additional agreements for CWS adjustment based on HARQ ACK/NACK feedback included the following:
Agreements:
· For CWS adjustment based on HARQ-ACKs,
· Set of CWSs for LBT priority class 3 = {15, 31, 63}
· The CWS is increased if at least Z % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value (i.e., 15).
· Reference subframe set (to be down selected)
· Alt. 1: the latest DL subframe for which HARQ-ACK feedback is available
· Alt. 2: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available 
· Alt. 3: all subframes for which HARQ-ACK feedback is available of the latest DL data burst for which HARQ-ACK feedback is available
· FFS on the Z value. Select one out of {10%, 50%, 75%, 100%}.
· In addition, the CWS is reset to the minimum value (i.e., 15) if the maximum CWS (i.e., 63) is used for K consecutive eCCA for transmission
· K is selected by NW from the set of values from (1, …,8)
· FFS: Whether the CWS is reset to the minimum value if there has been no DL transmission by the eNB for a duration of at least T
· FFS: HARQ-ACK DTX

In this contribution, we provide our views on several remaining details of CWS adaptation for PDSCH based on HARQ-ACK feedback.
Discussion
CWS adaptation in IEEE 802.11
In the 802.11 EDCA mechanism, each access class (AC) maintains its own contention window CW[AC], which shall be initialized to the value of the parameter CWmin[AC]. Once a TXOP for a particular AC is initiated, the corresponding CW[AC] is doubled in the event of transmission failure of an initial or non-initial frame by the TXOP holder, as long as the retransmission limit or maximum CW limit has not been reached. The CW[AC] is reset to CWmin[AC] upon the reception of an ACK when individual ACKs are requested, or if the retransmission limit for a particular frame has been reached.  
In order to reduce control overhead, the Block ACK mechanism allows the transmission of a single frame containing a consolidated set of ACKs in response to multiple data frames, as shown in Figure 1. The recipient may send the Block ACK either immediately or after some delay. The sender’s CW is not doubled as long as the Block ACK frame is received successfully by the sender, even if the data blocks are not received successfully by the recipient, i.e., even if the Block ACK contains NACKs. 
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[bookmark: _Ref430609869]Figure 1: Block acknowledgement mechanism in 802.11n.
CWS adaptation for LAA
Reference subframe set
[bookmark: _GoBack]The three alternatives under consideration for the reference subframe set each have their own merits. Alt. 1 adapts the CWS based on the most recent channel conditions, which is similar to the CWS adjustment principle in IEEE 802.11. Alt. 2 is more representative of the channel conditions immediately after conclusion of LBT, which is when collisions are most likely. In case of multiple HARQ-ACK feedback values for a subframe, Alt. 1 and Alt. 2 resemble the aforementioned Block ACK mechanism of IEEE 802.11 when the maximum value for Z is used. Alt. 3 is a window-based scheme which uses feedback corresponding to an entire DL burst to determine whether the CWS should be updated, which can also resemble the Block ACK mechanism in IEEE 802.11 depending upon the Z value. Furthermore, in our evaluations presented in [2], it was observed that Alt. 3 provides good coexistence between LAA and Wi-Fi networks with an appropriately chosen value for the threshold, Z. 
Observation:
· Either Alt. 2 or Alt. 3 is preferred for the reference subframe set.
Choice of Z value
The Z value used to determine if the CWS should be increased represents the level of conservativeness of the LBT scheme. Using a low threshold value for Z can unnecessarily penalize the channel access probability of LAA in high load scenarios, since the 4 ms HARQ delay does not accurately reflect instantaneous collision conditions in any case. As discussed previously, in the 802.11 Block ACK mechanism, the sender’s CW is not doubled as long as the Block ACK frame is received successfully by the sender, even if the Block ACK contains NACKs. Therefore, Z = 100% is a parameter choice that is well-aligned with the corresponding IEEE 802.11 mechanism.
In addition, in our evaluations of [2], different values of Z combined with Alt. 3 had a variable impact on the LAA network performance for different operating load points. In other words, no single value of threshold Z could provide consistent LAA performance across different DL burst durations. 
Therefore, in our view, a CWS adjustment mechanism based on a combination of either Alt. 2 or Alt. 3 with a Z value of 100% is preferred due to its simple implementation, robustness, and alignment with the corresponding IEEE 802.11 mechanism.
Proposal:
· Either Alt. 2 or Alt. 3 with a Z value of 100% is used as the CWS adjustment mechanism for LBT for PDSCH.

Conclusions
In this contribution, we discussed several remaining details for CWS adaptation based on HARQ-ACK feedback. The discussion is summarized with the following observations and proposals:
Observation:
· Either Alt. 2 or Alt. 3 is preferred for the reference subframe set.

Proposal:

· Either Alt. 2 or Alt. 3 with a Z value of 100% is used as the CWS adjustment mechanism for LBT for PDSCH.
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