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First modified section
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:

-
Periodicity of the TDM pattern;
-
Scheduling period (or unscheduled period).
One example of the desired TDM pattern is depicted in Figure 5.2.1.2.1-1


[image: image1.emf]Pattern periodicity

（

120ms

）

Scheduling period (60ms) Unscheduled period (60ms)


Figure 5.2.1.2.1-1: Example of UE suggested TDM pattern
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. 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. It means that flexibility principles from existing DRX mechanism will apply (i.e. variable scheduling/unscheduled period is possible) and no impact on UE HARQ operation is assumed so far. During inactive time UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure. Figure 5.2.1.2.1-2 illustrates one example of eNB signalled DRX configuration based on UE suggested pattern depicted in Figure 5.2.1.2.1-1:
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Figure 5.2.1.2.1-2: Example of DRX configured by eNB to enable TDM
It is FFS whether special handling for RRM/RLM/CSI measurement during unscheduled period (inactive time) would be required.
DRX solution could be used also for shorter interference patters. E.g. with BT voice, it is possible to configure DRX cycle to 10 ms or 5 ms and then achieve a desired gap pattern with appropriate setting on drx-OnDurationTimer, drx-InactivityTimer, drx-retransmissionTimer and DRX offset. In some cases, drx-retransmissionTimer of 0 ms needs to be introduced to avoid the UE to be DRX Active in the subframes that are reserved for ISM traffic.  The performance of this solution is similar to the corresponding HARQ process reservation solution discussed in Subsection 5.2.1.2.2.
Second modified section
5.2.1.2.2
HARQ process reservation based solution
In this solution, e.g. a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining subframes are used to accommodate ISM/GNSS traffic.
For example, for LTE TDD UL/DL Configuration 1, the solution is shown in Figure 5.2.1.2.2-1. For each radio frame, subframe #1, #2 #6 and #7 are reserved for LTE usage. Other subframes may be used for ISM/GNSS traffic, i.e. UE may not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH in those subframes, depending on coexistence scenarios. 
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Figure 5.2.1.2.2-1: Example of HARQ process reservation 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)

The information that UE provides should allow the network to ensure at least a pair of clean BT Tx/Rx instances in each BT interval, and as much as possible capacity to LTE. The reserved subframes should comply with LTE release 8/9 UL HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible. It means that UE can assume that the eNB will restrict itself to DL allocation/UL grants inside this pattern. It is FFS whether the patterns are standardized in the specification, so that the eNB (or UE) can only signal an index of pattern (e.g. bitmap) to the UE (or eNB). It is FFS how frequent the assistant information should be sent from the UE.
In Table 5.2.1.2.2-1 some HARQ compliant bitmaps having length of 10 ms are presented, whereas in Table 5.2.1.2.2-2 interference bitmaps having the length of 30 ms are presented. From the tables it can be seen that by having a longer bitmap (30 ms), the maximum data rate achieved in the LTE side is higher than with a short bitmap (10 ms).
If only 50% of the UL resources are available for transmission, the performance of LTE decreases. Both the peak rate and average rate of the UE using the HARQ scheme decreases. In addition, the cell throughput and capacity decreases, impacting thus all UEs in the cell. This is because resources are wasted if any of the UEs having data in the buffer cannot be scheduled for the given subframe due to scheduling restrictions.  Finally, because only a part of the subframes are available for transmission, the coverage decreases. This can be an issue in TDD networks, where there are significantly less UL subframes than in the FDD system. 

Table 5.2.1.2.2-1. Performance of HARQ compliant bitmaps (short bitmaps)
	Case
	
	DL data rate
	UL data rate

	TDD config 2, master
	1111110100
	5/8=63%
	½=50%

	TDD config 3, master
	1111111101
	6/7=86%
	2/3=67%

	TDD config 4, master
	1111111001
	6/8=75%
	½=50%

	TDD config 5, master
	1111010010
	5/9=56%
	1/1=100%

	TDD config 1, slave
	0011011001
	3/6=50%
	2/4=50%


Table 5.2.1.2.2-2. Performance of non-HARQ compliant bitmaps (long bitmaps)
	Case
	
	DL data rate
	UL data rate

	TDD config 2, master
	1111101111 1111111111 0111111111
	22/24=92%
	6/6=100%

	TDD config 3, master
	1111111101 1111111011 1111111011
	18/21=86%
	8/9=89%

	TDD config 4, master
	1111110111 1011110111 1111111011
	20/24=83%
	2/2=100%

	TDD config 5, master
	1111101011 1111101111 0111110111
	19/24=79%
	2/2=100%

	TDD config 1, slave
	1011110111 1011110111 1011110111
	4/6=67%
	¾=75%


Third modified section
5.3
Applicability of interference avoidance solutions
The applicability of TDM solutions for each usage scenario is summarized in Table 5.3-1.

Table 5.3‑1: Applicability of different TDM solutions
	TDM solution
	Usage scenario

	
	LTE+BT earphone (VoIP service)
	LTE+BT earphone (Multimedia service)
	LTE+WiFi portable router
	LTE+WiFi offload
	LTE+GNSS Receiver

	HARQ process reservation based solution
	Applicable
	Applicable for BT Master, but not applicable for BT Slave
	FFS
	FFS
	Applicable

	DRX based solution
	Applicable 
	Applicable
	Applicable
	Applicable
	Applicable

	Uplink scheduling restriction based solution
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Applicable

	Autonomous denial solution
	Complementary solution for receiving important signalling
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