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1 Introduction

LTE and BT earphone has been identified in [1] as an important coexistence use case. For voice, BT uses the enhanced synchronous connection oriented (eSCO) mode. In [2], we explained the need to have short term TDM support for BT eSCO coexistence with LTE, in particular because role switch based solutions do not work for the case of car audio or LTE-FDD. 
Other important use cases such as LTE with WLAN have also been identified in [1]. In this paper, we present solutions with autonomous UE denials that involve denial of LTE resources to enable concurrent operation of LTE and BT/WLAN. 
In Section 2, the need for LTE denials for BT/WLAN connection setup is discussed. Connection setup has not yet received much attention in this study item, but of course it is a critical component of coexistence operation.

In Section 3, possible scenarios for LTE denials with BT/WLAN in connection mode are discussed. The examples shown involve BT in an eSCO connection and WLAN in PS-Poll mode. The associated performance impact to LTE is also evaluated.

2 LTE denials for connection-setup use cases
In this section, we argue that there are critical short term events during connection-setup that should override LTE transmission or reception. LTE performance loss due to such denials may be acceptable since these events are rare. On the other hand, large delay/failure of connection-setup could happen if these events are not prioritized over LTE. The timeline of these critical short term events makes it difficult to use scheduled gaps (e.g. DRX). 
LTE denials for BT connection-setup
BT connection-setup consists of the following procedures:
· Inquiry and inquiry scan followed by inquiry response if scan is successful.
· Paging and page scan followed by page response if scan is successful.
· Link Manager Protocol (LMP) message exchange after successful page response. 
· BT SNIFF event (to maintain connection during BT idle mode).
BT inquiry and paging are long term events which could last several seconds. Such long term events require long term solutions such as LTE power backoff or TDM gaps (e.g. DRX). Similarly LMP message exchange could last 100s of ms. Such long term events have long timeouts and they have several opportunities for repetitions. 
However,  there are critical packets exchanged between BT master and slave during connection-setup which have short timeout (few opportunities for retransmissions). Such short term events require higher protection (in terms of packet error rate and latency) and therefore LTE denials during these short term events is proposed. Since these short term events are rare, denial should have minimal performance impact on LTE performance. Examples of BT connection-setup events that require denying LTE transmission or reception are shown in Table 2.1
Table 2.1 BT events during connection-setup that may require LTE denials

	Message
	Direction
	Event
	Duration in BT Slots (multiple of 625 µs)

	Inquiry Response
	S ( M
	Inquiry response
	1

	Extended Inquiry Response
	S ( M
	Inquiry Response
	1

	First slave page response
	S ( M
	Page response
	1

	Master page response
	M ( S
	Page response
	1 up to 4 retransmissions

	Second slave page response
	S ( M
	Page response
	1 up to 4 retransmissions

	1st packet master
	M ( S
	Page response
	1 up to 32 retransmissions

	1st packet slave
	S ( M
	Page response
	1 up to 32 retransmissions


Other BT events include role switch instants, POLL/NULL packets carrying baseband ACK during LMP sequence exchange, and BT SNIFF. In addition, BT inquiry scanning and page scanning may need denying of LTE transmission. Scanning could be 11.25ms every 1.28 or 2.56 seconds. For the case of scanning, if eNB is aware of the BT scanning phase (via a phase feedback from the UE), TDM gaps could be used instead of LTE denial.
LTE denials for WLAN connection-setup
WLAN connection-setup consists of the following procedures:
· Passive/active scanning.
· Authentication and association procedure.
· Monitoring the beacon (details in Section 3). 
Passive/active scanning are relatively long term events. In passive scanning the station is searching for access points via listening to beacons. Once an access point is detected, the station starts active scanning procedure by sending probe request and waiting for probe response from the access point. Authentication and association could also be long term events in the order of 100s of ms depending on the type of authentication used. Such long term events require long term solution such as power backoff or TDM (e.g. DRX). There are shorter term events that could require denial of LTE transmission or reception and some examples are  given in Table 2.2 
Table 2.2 WLAN events during connection-setup that may require LTE denials

	Message
	Direction
	Event
	Number of WLAN Packets

	Beacon Transmission/Reception
	AP(STA
	Maintain connection
	1

	Probe response
	AP ( STA
	Active scanning
	1


Probe responses usually have a short timeout on the order of 10s or ms. Hence, if it does not overlap with a TDM/DRX period,  LTE denial may be needed. Note that since the probe is initiated by the WLAN STA, the AP in the MiFi case does not have control over the timing, making a DRX based solution difficult.
Proposal 1: There are scenarios for connection setup in both LTE and BT where short denials of LTE are needed. Given that connection setup is a rare event, the loss in LTE performance due to these denials is negligible.
3 LTE denials for connection mode use cases
 In this section, we consider the use cases of simultaneous connection on LTE and ISM technologies and discuss the advantage of autonomous UE denials. LTE with BT voice on earphone use case is discussed first followed by LTE with WiFi traffic offload use case.
LTE with BT voice connection
As explained in [3], the most used configuration in practice for  BT voice is enhanced Synchronous Connection Oriented (eSCO) mode with a 6 slot interval of total length 3.75msec, and the number of packet transmissions set to three. If BT is master, the eSCO interval starts first with a transmit slot followed by a receive one. If BT is a slave, the interval starts with a receive slot followed by a transmit one.  If the packet is not delivered over an eSCO interval, it is dropped and a new one is transmitted in the next interval. If BT on terminal is master, we can control the local clock to align eSCO and LTE time lines if LTE is in TDD mode (Band 40). If BT on terminal is slave, it has no control on its time line (as that is controlled by the remote master device) and hence, depending on the offset (between LTE and eSCO timelines) at a given point in time, there could be no clean Tx/Rx pair in a given eSCO interval as shown in [3]. As described in [2], it is important to consider the case of BT terminal being a slave since a role-switch to master may not always be possible (ex. older devices not supporting role-switch or the case of cars which need to remain master to serve multiple devices). For LTE in FDD mode (Band 7), there may be no BT Rx slot that is interference free for either master or slave.
A possible scenario for LTE in Band 40 (TDD) and BT slave with an arbitrary timing offset is shown in Figure 3‑1. In order to provide at least one Tx and one Rx opportunity per eSCO interval for BT, some LTE subframes need to be denied. One can minimize the impact to LTE by carefully selecting the denied subframes. In the figure shown, 2 out of 9 DL subframes and 1 out of 6 UL subframes are denied, leading to 22.2% DL subframe error rate and 16.7% UL subframe error rate. Other selections of denied subframes are possible, but will likely lead to same or worse subframe errors.

[image: image1.emf]Receive(DL) Transmit(UL)

LTEHalf-Frame len

gth(5 ms = 8 BT

slots)

Rx    Tx

3‑1 LTE in Band 40 with BT Slave
For LTE in Band 7 (FDD), there is no impact on LTE DL and only LTE UL subframes need to be denied to allow at least one BT Rx opportunity per eSCO interval. The set of allowed BT Rx slots can be chosen to minimize the number of subframes denied to LTE. For instance, in Figure 3‑2, 4 out of 15 UL subframes are denied, leading to 26.7% UL subframe error rate.
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3‑2 LTE in Band 7 with BT Slave
Though the UL denial rates in the 10-30% range look large, the performance loss due to LTE denials may actually be acceptable. It can be considered as a technique for in-device coexistence with appropriate mechanisms to inform eNB about the intended denials, e.g. through a feedback from the UE of the denied subframes. Alternatively, the eNB with knowledge of the BT configuration (i.e. knowledge that the UE is using BT in eSCO mode) may be able to learn about the denials on its own given that the denial patterns will be periodic. The eNB can then avoid scheduling the UE in those denied subframes which could eliminate any throughput loss for the UE.
LTE with WLAN PS-Poll
The PS-POLL mechanism can be used by a WLAN station to control the timing of receiving packets from the  WLAN access point (AP).  The PS-POLL mechanism is currently used for BT-WLAN coexistence in the ISM band and as discussed in [4], it is likely to be used for LTE-WLAN coexistence for traffic offload as well. The WLAN station monitors a beacon from the AP and if an indication of pending data is received, it sends PS-POLL packets to retrieve the data. When LTE is active, the terminal needs to protect the beacon reception which can be achieved either by UE request of phase of TDM gaps as proposed in [5] or  autonomous denial of LTE transmit subframes as proposed here. Also, the DL packets after PS-POLL can be protected by LTE transmit subframe denial.  
Proposal 2: In order to maintain a BT eSCO connection or a WLAN connection with PS-Poll, short denials of LTE are needed. The impact of these denials on LTE performance can be reduced by feedback from the UE about the denial pattern, or by eNB learning the pattern used by the UE based on DTX and other implementation specific solutions.
4 Conclusion

We presented scenarios wherein denial of LTE resources would be necessary for proper concurrent operation of LTE and ISM technologies. The performance impact to LTE is characterised and found to be acceptable with appropriate eNB implementation or signalling support.
Proposal 1: There are scenarios for connection setup in both LTE and BT where short denials of LTE are needed. Given that connection setup is a rare event, the loss in LTE performance due to these denials is negligible.
Proposal 2: In order to maintain a BT eSCO connection or a WLAN connection with PS-Poll, short denials of LTE are needed. The impact of these denials on LTE performance can be reduced by feedback from the UE about the denial pattern, or by eNB learning the pattern used by the UE based on DTX and other implementation specific solutions.
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