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1 Introduction
For TDM solutions, the UE can signal the necessary information, e.g. interference type, mode, and possibly the appropriate offset in subframe to the eNB. The UE can also signal a suggested pattern to the eNB [1]. In this paper, we discuss UL buffer status information as additional assistance information reported by the UE in order for the eNB to make a decision on UL/DL usages of LTE and non-LTE component (e.g. ISM and GNSS) for TDM solution and also discuss when and how to send UL buffer status information.

2 Discussion
2.1 UL Buffer Status information
Basically, the UL buffer status reporting procedure is used to provide information about the amount of data available for transmission in the UL buffers of the UE to the eNB. In this process, the eNB considers QoS requirements of each configured radio bearer and selects the size of the MAC PDU, and then the eNB allocates the UL radio resources over the UL-SCH based on the contents of buffer status reporting [2]. If a lot of UL traffics is buffered or higher priority of traffics are waiting for transmission at the UL buffer, the UE has to request quick service and eNB needs to resolve urgent transmission in order to avoid QoS degradation (e.g. transmission delay, packet dropping etc). Accordingly, the UL buffer status information is very important parameter to meet QoS requirements of each configured radio bearer. 
One of TDM solutions is H-ARQ process reservation based solution. In this solution UL and DL subframes are allocated to LTE and coexistence component (e.g. UE, Wifi device, BT device), therefore, UL and DL subframe allocation for time pattern needs to be carefully considered according to traffic volume for DL and UL buffer status of LTE component and/or non-LTE component to avoid the conflicts between them because subframe allocation definitely depends on the traffic status. (e.g. a volume of traffic, traffic priority etc.)  
Effective DL subframe allocation could be easily resolved because the eNB is able to measure traffic volume for DL transmission to the LTE component. And it is up to the eNB to decide and signal the final pattern, e.g. bitmap (i.e. subframe reservation pattern) to the UE based on some assistance information reported by the UE (e.g. time offset between BT and LTE+BT configuration, In-device coexistence interference pattern(s) or HARQ process reservation based pattern(s)). However, the eNB may not provide the final subframe pattern as requested/suggested by the UE and allocate the modified subframe pattern. Accordingly it may not provide UL QoS requirements because the eNB does not recognize detail UL buffer status of the UE. In addition, the latest UL buffer status information is important and necessary to allocate proper subframes to the UE.   
 For example, larger volume of UL traffic for LTE component may give higher interference and lower opportunities to DL reception of non-LTE component if LTE component is primary while in providing minimum guaranteed subframes to non-LTE component. Therefore, the eNB needs to know the UL buffer status when it finally allocates subframes in order to avoid undesirable QoS degradation. However, current assistance information does not include UL buffer status information, but just suggest required UL subframe which can be modified by the UE. If it is allowed that the UE reports the UL buffer status information with existing assistance information (e.g. time offset between BT and LTE+BT configuration, or in-device coexistence interference patterns(s) or HARQ process reservation based pattern(s), it is better for the eNB to decide and signal the final bitmap pattern. 

Proposal 1: Discuss and adopt that the UL buffer status information can be reported by the UE as assistance information to allocate effective subframe by the eNB.     

In the last RAN2#75 meeting, there was agreement that coordinated radios in a device (UE) should be assumed when defining solutions. In this agreement, coordinated radio could be interpreted that the LTE and non-LTE component can exchange internal information. Accordingly, the UL buffer status information from the UE may also include the UL buffer status of the non-LTE component. Based on UL buffer status information of LTE and non-LTE component, the eNB can balance and fairly assign the TDM bitmap pattern for LTE and non-LTE component. Particularly, in HARQ process reservation based solutions, a number of LTE HARQ processes or UL/DL subframes could be reserved for LTE operation
Proposal 2: Discuss if uncoordinated mode operation is out of scope

Proposal 3: Discuss if the UE can report information of non-LTE component (WLAN, BT, GNSS) to the eNB
2.2 UL Buffer Status Report indication
UL buffer status information can be sent by the UE and/or upon request by the eNB to use for making a decision and finalize the TDM pattern. One of possible ways to send UL buffer status information is that the UE adds UL buffer status information on the in-device coexistence indication message so that the eNB can use the latest information to make and signal final bitmap pattern once in-device interference occurring. 
Proposal 4: Discuss and adopt that the UL buffer status information can be transmitted on the in-device coexistence indication message from the UE.      

Figure 1 shows the example of overall call flow of UL buffer status reporting procedures for the in-device coexistence operation. The UE sends the in-device coexistence indication message with UL buffer status information (e.g. precise traffic volume, threshold level of the buffer, high/low priority etc.). 
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Figure 1. Overall call flow of UL buffer status information reporting operation
3 Conclusion
In this paper, we have introduced and identified UL buffer status information usage and its related operation scenario for the in-device coexistence operation. It has been shown that UL buffer status information could be effectively applied to the TDM solution (e.g. HARQ process reservation and DRX based solution) because the making of decision and allocating of UL and DL resources are tightly coupled with the LTE and non-LTE component’s traffic status. Based on proposals, RAN2 is kindly requested to consider and adopt the following proposals.
Proposal 1: Discuss and adopt that the UL buffer status information can be reported by the UE as assistance information to allocate effective subframe by the eNB.     

Proposal 2: Discuss if uncoordinated mode operation is out of scope

Proposal 3: Discuss if the UE can report information of non-LTE component (WLAN, BT, GNSS) to the eNB

Proposal 4: Discuss and adopt that the UL buffer status information can be transmitted on the in-device coexistence indication message from the UE.      

Proposal 5: Discuss and adopt the Text Proposal in Annex      

4 References
[1] 3GPP TR36.816 v1.3.1, “Study on signalling and procedure for interference avoidance for in-device coexistence (Release 10)”
[2] 3GPP TS36.321: Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification. 

5 Annex – Text Proposal

5.2.1.2
TDM solutions
[...]
For TDM solutions, the UE can signal the necessary information, e.g. interferer type, mode, UL buffer status information and possibly the appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB. Based on such information, the final TDM patterns (i.e. scheduling and unscheduled periods) are configured by the eNB.
[...]
5.2.1.2.1
DRX based solution

The UE provides the eNB with a desired TDM pattern. For example, the parameters related to the TDM pattern can consist of:
[...]

It is up to the eNB to decide and signal the final DRX configuration to the UE based on UE suggested TDM pattern and other possible criteria e.g. traffic type and UL buffer status information. The scheduling period corresponds to the active time of DRX operation defined in section 5.7 [14], while unscheduled period corresponds to the inactive time. The eNB should try to guarantee the unscheduled period by existing mechanisms, e.g. appropriate UL/DL scheduling, SRS transmission configuration, DRX Command MAC control element usage, and etc. 
[...]

5.2.1.2.2
HARQ process reservation based solution
[…]

It is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE based on some assistance information reported by the UE. With respect to the assistant information, the UE can indicate either:

· Time offset between BT and LTE + BT configuration, or

· In-device coexistence interference pattern(s), or

· HARQ process reservation based pattern(s)
· UL buffer status information
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