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1 Introduction

The objective of this email discussion is to agree to estimated requirements for the gap patterns for three scenarios of LTE ISM coexistence. The requirements can be captured via an LTE ON period and an LTE OFF period. Additionally, the need for alignment of the LTE gap patterns with the ISM technology needs to be discussed for each scenario.
The text proposal below addresses these issues. We would like to clarify that this proposal differs from the proposal in R2-106005, particularly regarding the numbers for scenario 3 below. The requirements stated for the other two scenarios are the same as R2-106005, but more motivation is added.

Note: The text proposal is w.r.t. the version of the TR in [1], and builds on the discussion in [2].
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3 Text Proposal

<begin 1st change>
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.
In-device Coexistence Interference: when transmitting in one frequency band interferes with receiving in another, within the same UE. 

ISM Radio: the radio transceiver operating in ISM band
Unscheduled period: Period during which the UE is not scheduled to transmit or receive, thereby allowing the ISM radio to operate without interference.

Scheduling period: Period during which the UE may be scheduled to transmit or receive.
<end 1st change>

<begin 2nd change>

4.2
Usage scenarios
In order to facilitate the study, it is also important to identify the usage scenarios that need to be considered. This is because different usage scenarios will lead to different assumption on behaviours of LTE and other technologies radio, which in turn impact on the potential solutions.
1) LTE + BT earphone
In the scenario of LTE voice over IP, the voice traffic transmitted by BT is actually from/to LTE, where the traffic activities between LTE and BT will be very similar because of the end-to-end latency requirement. Another scenario is that multimedia (e.g. HD video) is downloaded by LTE and audio is routed to a BT headset, where the traffic activities between LTE and BT are correlated as well.
Note to editor: The following discussion applies only to the HD video with audio routed to BT case (can consider splitting scenario 1 into 1a and 1b to make this clear).
For the multimedia (HD video) scenario, in case a time domain solution is needed, the requirements for the gap patterns for typical streaming applications can be obtained based on the requirements on the BT and LTE sides. The BT audio stream typically uses the advanced audio data profile (A2DP) for Bluetooth and typically more than [60 ms] transmission latency can cause playback problems at the BT receiver. Hence, the scheduling period of LTE should not exceed this time. 
The latency requirement is less stringent on the LTE side, depending on the QCI (e.g. 150ms for QCI 2). Hence, the maximum unscheduled period for LTE can be as much as 150 ms.  However, in order to not limit LTE throughput, it is desirable to minimize the LTE unscheduled period and the smallest unscheduled period is determined by the on time needed by BT to sustain the data rate, depending on the link condition. This number typically ranges from [15] ms to [60] ms. Note that making the LTE unscheduled period much shorter can make it difficult for BT to utilize the available time given the BT framing structure. 

Further, there are no benefits in this case to align the LTE unscheduled period to the BT timelines. In summary, under this scenario and the assumed BT profile, if a time domain solution is needed, it should meet the following guidelines:
· The LTE scheduling period is to be less than [60] msec

· The LTE unscheduled period is to be around [15-60] msec
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
2) LTE + WiFi portable router
In this scenario, LTE is considered as a backhaul link to access the Internet, and the connectivity is shared by other local users using WiFi. In this scenario, the WiFi transceiver is operated as an AP and has full control on frequency channel and transmitting power. Given the ability of the WiFi transceiver to select the frequency channel, it may be possible to avoid interference to/from WiFi by moving the WiFi signal away from the LTE band. If this is not sufficient, time domain solutions are applicable. 
On the DL, the worst case latency will be for a a packet arriving at the eNB at the beginning of the LTE unscheduled period, with the resulting latency being the sum of the LTE unscheduled period (waiting for LTE scheduling) and the LTE scheduling period (waiting for WiFi scheduling). Similar argument applies on the UL. Though the scheduled/unscheduled periods can be made as small as 1 ms to minimize latency, this is not desirable due to the impact on retransmissions and other timelines on both LTE and WiFi. Hence, somewhat larger periods should be used, keeping in mind a balance between the timeline requirements and the needs of the specific QCI.  
In order to fulfil latency requirements of common services under this scenario, the scheduling periods and unscheduled periods should use the following guidelines

· Scheduling periods and unscheduled periods should be typically not more than [20-60] ms. 
· The scheduling and unscheduled periods should be large enough for reasonable operation of the LTE and WiFi timelines. Corresponding numbers FFS.
· Since LTE has typically lower data rate than the WiFi link, the LTE scheduling periods should be longer than the unscheduled periods in order to achieve roughly the same throughput on both links. 
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
3) LTE + WiFi offload
In this scenario, an LTE UE can also connect to WiFi to offload traffic from LTE. In this scenario, the WiFi transceiver of the UE operates as a terminal (not AP) in infrastructure mode. It is difficult for the WiFi radio to change the configured frequency channel. In addition, the WiFi radio has to keep listening to the beacon signal transmitted from WiFi AP for maintaining connection. This usage scenario is getting studied in 3GPP [5].
For this scenario, in case a time domain solution is needed, the requirements for the scheduling period and unscheduled periods differ from the previous scenario in three ways:

One difference is about WiFi beacon reception by the UE in WiFi client mode. Proper reception of the beacon requires alignment of the LTE unscheduled period with the WiFi beacons. Also, the scheduled period of LTE should be no longer than 100ms in order to provide for beacon reception. 
The second difference is that the packet traverses only one over-the-air link (WiFi for offload packets, and LTE for non-offload packets), hence somewhat larger (approximately double) scheduling periods and unscheduled periods can meet the same latency requirements. 
The third difference is that the ratio of the scheduling and unscheduled periods should roughly correspond to the traffic volume of the non-offloaded and offloaded traffic.
As in the previous scenario, the guidelines depend on a balance between the latency requirements of the QCI, and the requirements of the acknowledgement/timeline of LTE and WiFi. In order to fulfil latency requirements of common services under this scenario, the scheduling periods and unscheduled periods should use these guidelines
· The scheduled and unscheduled periods should typically be not more than [40-100] ms,
· The scheduling and unscheduled periods should be large enough for reasonable operation of the LTE and WiFi timelines. Corresponding numbers FFS.
· aligning the LTE unscheduled period with WiFi beacons is important,
· the ratio of the scheduled and unscheduled periods should be aligned to the ratio of the volume of non-offloaded and offloaded traffic. 
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
4) LTE + GNSS Receiver
This usage scenario considers that the LTE UE is also equipped with the GNSS (e.g. GPS) receiver to support location services. 
The coexistence interference case 4 of section 4.1 may happen in this usage scenario.
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