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[bookmark: _Ref165266342]Introduction
An email discussion [1] was conducted prior to RAN2#79 to discuss further and agree on details of autonomous denials. There seems to be general agreement that a “long term denial rate” should be specified and the UE should be required to limit the number of autonomous denials based on the long term denial rate.
In this contribution we look at how such a long term denial rate can be specified and the related UE behaviour.
Discussion
A need is seen to place limits on the duration and frequency of autonomous denials. In the email discussion [1], companies expressed the view that the denial rate can be expressed as the maximum number of autonomous denials allowed during a period of time (for example, no more than 5 autonomous denials per 1 second). The eNB would then take the maximum allowed autonomous denials in link adaptation decisions. For example, the eNB may choose to not make any link adaptation adjustments if the denial rate is lower than the allowed denial rate. 
Time window for counting autonomous denials
In order for the denial rate limit to be correctly implemented, it is necessary to clearly specify the circumstances under which the UE can autonomously deny a transmission or reception event. The principle is to allow no more than n autonomous denials in a period T. However the start and end of the period T need to be better defined.
T could be a fixed window. That is, the UE gets up to n denials in a period of T ms, another n denials in the following T ms, and so on. Alternately, T could be a sliding window. That is, the UE cannot exceed n denials in any contiguous T ms. Below we look at the two options in detail.
With the fixed window approach (Figure 1), if there are more than n events requiring autonomous denials, the UE would not be able to accommodate them. At the start of the next window, autonomous denials can be started. This approach requires the UE and the eNB to have a common understanding of the boundaries of each T. Without knowing this, the network cannot determine whether to make link adaptation adjustments. That is, if there are more than n packet losses in T, the network presumably would need to make link adaptation adjustments (with the assumption that n of the losses were due to autonomous denials and the rest were due to channel conditions). If the UE and the eNB have different boundaries for T, the eNB may make link adaptation adjustments when it should not, and vice versa.


Figure 1 : Fixed window based denial rate
With the sliding window approach, the UE is not allowed to perform autonomous denial if the number of autonomous denials in the window consisting of the last T ms is n. The sliding window approach also does not require T to be aligned between the UE and the eNB.


Figure 2: Sliding window based denial rate
Based on the above considerations, we think the sliding window approach is simpler and should be adopted.
Proposal 1: The long term denial rate shall be specified such that the UE is allowed no more than ‘n’ autonomous denials in any contiguous duration of ‘T’ ms.
Applicability of Denial rate to uplink and downlink transmissions
Autonomous denials can occur in either the uplink or the downlink. A downlink autonomous denial implies that the UE misses a DL transmission from the eNB (PDCCH, PDSCH, uplink HARQ feedback). An uplink autonomous denial implies that the UE fails to perform an uplink transmission (PUSCH, PUCCH, downlink HARQ feedback). 
If the number of failures exceeds (by some margin) what is allowed by the autonomous denial rate, the eNB would then make link adaptation adjustments (with the assumption that the additional failures are not due to autonomous denials). If the eNB does not receive a transmission it could be because it did not receive the UL transmitted by the UE or because the UE did not receive the PDCCH. The table below shows the impact of downlink and uplink autonomous denials.

	Type of Autonomous Denial
	Impacted Transmission
	Result

	UL Autonomous Denial
	PUCCH (ack/Nack)
	DL retransmission

	
	PUSCH
	UL retransmission

	DL Autonomous Denial
	PDCCH
	Either DL retransmission (if PDCCH was for DL assignment) or UL retransmission (if PDCCH was for UL grant)

	
	PHICH (ack/Nack)
	UL retransmission

	
	PDSCH
	DL retransmission



Based on the above table, it should be clear that placing a limit on just the UL denials or just the DL denials is not adequate. For example, if the UE is only not allowed UL denials (with no restrictions on the DL denials), the DL denials can still cause both UL and DL retransmissions, which can trigger link adaptation adjustments. Similarly, if the UE is only not allowed DL denials (with no restrictions on the UL denials), the UL denials can still cause both UL and DL retransmissions, which can trigger link adaptation adjustments.
Observation: Placing a limit on just uplink autonomous denials or just downlink autonomous denials is not adequate.
For performing link adaptation on the downlink, the eNB would need to estimate the packet error rate on the downlink that is attributable to channel conditions. That is, the eNB needs to estimate DL retransmissions – number of DL retransmissions caused by autonomous denials. Since the eNB cannot know whether and how many autonomous denials actually occurred, it has to estimate a lower bound on the packet error rate as DL retransmissions – (allowed UL autonomous denials + allowed DL autonomous denials).
Similarly, for performing link adaptation on the uplink, the eNB would need to estimate a lower bound on the uplink packet error rate as UL retransmissions – (allowed UL autonomous denials + allowed DL autonomous denials).
Proposal 2: The long term denial rate should include both uplink and downlink autonomous denials, or there should be independent denial rates for uplink and downlink autonomous denials.
Summary
In the contribution we have considered some aspects of the long term denial rate for In-device coexistence related autonomous denials. The following are proposed:
Proposal 1: The long term denial rate shall be specified such that the UE is allowed no more than ‘n’ autonomous denials in any contiguous duration of ‘T’ ms.
Proposal 2: The long term denial rate should include both uplink and downlink autonomous denials, or there should be independent denial rates for uplink and downlink autonomous denials.
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