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1 Introduction

In RAN2 #75, an offline discussion regarding autonomous denial concluded that the use of autonomous denial without limitations is not acceptable, that autonomous denial could potentially be made acceptable with signaling, that autonomous denial periodic events could be handled, e.g. UE indicates a preference to instantiate an autonomous denial mechanism, and the network feedbacks a maximum denial rate[1].
In this contribution we identify some of the details that should be discussed to appreciate the impacts that a WiFi beacon may have on LTE UL reception in the “WiFi + offload” scenario.  We propose that the eNB control the UE’s use of LTE and ISM autonomous denial.
2 Aspects of WiFi beacon behavior
As noted in [2] the nominal configuration for the Wi-Fi beacon interval is 100 TU (102.4 ms), although other values for the beacon interval may be used [3]. In TR 36.816, a nominal DRX configuration is used to illustrate one example of an eNB signaled DRX configuration based on a UE suggested pattern. That configuration uses a 128ms DRX cycle and a 50ms drxOnDuration. Given this configuration set, it is simple to determine that the rate at which the beacon period will precess with respect to the DRX period is 25.6ms (128 – 102.4) and that the DRX period and beacon period will re-align every 5 beacon periods (128/25.6). This relationship is represented in Figure 1. Of course, such a nice re-alignment of beacon periods with 128ms DRX is dependent on beacon interval chosen by AP (e.g. TUs of 5,25,100,120,124,126,130, etc).  There need be no precession of course, for beacon intervals that are multiples of 125TUs, but that is only useful for the WiFi router scenario and the main focus of this contribution is on the WiFi offload scenario.
Observation 1: There are conditions where the eNB may use scheduling to provide gaps in UE UL occasions for beacon reception.
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3 A rate of Wi-Fi beacon and LTE UL collision
For the nominal DRX configuration and Wi-Fi beacon interval of 100 TU as presented above, it is clear that at least two out of every 5 beacon periods will occur in a DRX On-Period. If we further consider that the STA beacon reception period may be in the order of 3ms [4], and  that the maximum number of HARQ transmissions (maxHARQ-TX) attempts is set 5 as a nominal value[5], and that the UE has a full buffer (i.e. all 5 attempts are used), and that there is only 1 HARQ process active (although a worst case scenario would be 8 HARQ processes) we can make a simplistic estimate of the collision rate between  beacon and UL occasions (i.e., any scheduled or allocated UL transmission). Given the above configuration, and as illustrated in Figure 2, there is a 7ms window centered on each UL occasion that may be occupied by a Wi-Fi beacon that overlaps some part of  the UL occasion. This equates to a 40% chance of collision with at least one LTE UL occasion (e.g. In each 7ms window there is room for five 3ms beacons, however because beacons occur at any point in the 7ms window do not count the one at the very end of the window). Given that 2 out of 5 beacons will coincide with a drxOnduration, the overall probability is 16%. However, if 8 HARQ processes are active the overall probability increases to 28%.

[image: image2.emf]50ms drxOnDuration

78ms drx-Inactivity

128ms drxCycle

P

U

S

C

H

N

A

C

K

P

U

S

C

H

P

D

C

C

H

P

U

S

C

H

N

A

C

K

P

U

S

C

H

N

A

C

K

P

U

S

C

H

N

A

C

K

LTE UL occasions may overlap some part of a beacon transmission. 
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4 Stochastic Wi-Fi beacon behavior
4.1 Beacon delay due to congestion

The fundamental access method of the IEEE 802.11 MAC is a DCF known as carrier sense multiple access

with collision avoidance (CSMA/CA). However, as noted in [7] “Though the transmission of a Beacon frame may be delayed because of CSMA deferrals, subsequent Beacon frames shall be scheduled at the undelayed nominal beacon interval”. Because the delay in beacon transmission by the AP is due to a CSMA deferral which is the result of collision between multiple STAs accessing the medium in a stochastic manner, the occurrence of the CSA deferral is non-deterministic and cannot be known a priori by the eNB and therefore cannot be scheduled for.

4.2 STA scanning for other APs

The 802.11 specification provides for the STA to survey other potential APs to which it may associate while it is already associated with an AP. Such a procedure is triggered in the MAC Layer Management Entity (MLME) when it receives a MLME-SCAN.request  from the Station Management Entity (SME). However, the 802.11 specification does not detail what triggers the SME to send the MLME-SCAN.request, and as such the triggers are left to implementation. Furthermore, in pedestrian nomadic scenarios, the results of a scan may vary with time; in particular an AP may not be detectable on one scan but may be detectable when the STA is sufficiently within range of the BSS. Thus detectability of a beacon may not be known a priori by the eNB and therefore cannot be scheduled for.

Observation 2: There are conditions where the eNB cannot use scheduling to provide gaps in UE UL occasions for beacon reception.
5 RAN controlled autonomous denial

5.1 LTE autonomous denial
From the analysis in section 4, a UE LTE autonomous denial method is necessary to provide Wi-Fi with sufficient beacon reception opportunities for the conditions when scheduling cannot provide the needed gaps. However at the last meeting an offline discussion agreed that  “… autonomous denial without limitations is not acceptable” [1] . Therefore to meet the requirement of the above agreement, a mechanism is needed that provides control by the eNB over the UE’s use of autonomous denial. 
5.2 ISM autonomous denial
As agreed at the last meeting in Zhuhai [8], “The UE (terminal) will deny ISM transmission in order to ensure connectivity with the eNB to perform the IDC procedures”. However, to ensure that such a feature is actually implemented, it must be capable of exhibiting a change in behaviour that is observable/testable. Therefore the eNB should provide  means by which UE ISM autonomous denial can be disable/enabled via the air interface.
6 Conclusion 

In this contribution, we describe the periodic relationship between a nominal WiFi beacon period and DRX configuration, and determine a probability for collision between the beacon and LTE UL occasions. We also discussed conditions that lead to nondeterministic WiFi beacons and the necessity for the eNB to control the UEs use of autonomous denial. We propose the following:

Proposal 1: RAN2 should specify that a UE’s use of LTE and ISM autonomous denial for rare period/non-periodic events is configured by the eNB. 
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