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Discussion and Decision
1      Introduction
During RAN2#73bis meeting, several options regarding UE reporting was agreed to be captured in TR 36.816 [1] for HARQ process reservation solution:
· Time offset between BT and LTE + BT configuration, or

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

· HARQ process reservation based pattern(s)
This contribution further analyzes the HARQ process reservation solution.
2      Discussion
2.1     Applicablity 
In RAN2#73bis meeting, [2] discussed the applicability of the solutions to different scenarios and the table was captured in TR 36.816 [1]. The table is copied below for HARQ process reservation based solution.
	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
	FFS
	FFS
	FFS
	Applicable


It can be seen that there are 3 usage scenarios where the applicability of HARQ process reservation based solution is labeled as FFS. For these usage scenarios, the major concern for HARQ process reservation based solution is that the short LTE unscheduled period may not be sufficient for BT/WiFi usage. However, it should be noted that for LTE TDD system, BT/WiFi can use some duration other than LTE unscheduled period without any interference issue. The reason is that the principle of TDM solution is to ensure that transmission of a radio signal does not coincide with reception of another radio signal. Taking TDD UL/DL configuration 1 as an example, if subframes 0, 3, 4, 5, 8, 9 are used for ISM traffic, the timeline is shown in Figure 1 below. It is obvious that the actual available time for ISM operation is larger than the reserved subframes for ISM operation. 
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Figure 1: Example timeline for TDD UL/DL Configuration 1
From above discussion, it is proposed that:
Proposal 1: RAN2 to agree on the applicability of HARQ process reservation based solution on usage scenario of LTE+BT earphone (Multimedia service), LTE+WiFi portable router and LTE+WiFi offload.
2.2     What to be reported by UE
Among the three options of UE reporting, time offset and interference pattern options have some issues. In both options, UE reports BT specific parameters/patterns to eNB. For example, for the time offset solution, UE reports BT configuration to eNB. For interference pattern option, UE reports BT specific interference pattern to eNB. It is expected that such interference pattern will be BT configuration specific. For instance, the pattern period might be different for different BT configurations like BT EV3 and 2-EV3. In addition, these options require that eNB to figure out the final pattern to be use based on the reported information. This makes eNB implementation quite complicated since eNB should take into account BT operation to make the final decision. In addition, the reported information may not be sufficient for eNB to make the correct decision.

In contrast, if UE report a set of patterns which are beneficial according to the status of collocated radio, abovementioned problems are not applicable anymore. For example, when BT eSCO link uses 2-EV3, UE may report patterns which provide more HARQ processes for LTE compared with the case that BT uses EV3. Since UE has the best knowledge of the in-device situation, reporting patterns directly can provides best performance, and are future-proof as well. The final decision is still made by eNB, which generally selects one pattern according to factors like load balancing.
Proposal 2: for Bluetooth coexistence, UE reports a set of patterns to eNB, and eNB decides the final pattern. FFS whether UE need to report addition information.

2.3     Pattern period
In the following discussion, “bitmaps/patterns” are abbreviated as patterns.

Pattern period should be defined for FDD and each TDD DL/UL configuration. Selection of pattern period is similar to ABS work, and important factors include HARQ timing period and whether SPS is enabled. If SPS is not enabled, it is natural to set pattern period equal to HARQ timing period. Therefore pattern period can be set as below:
Table 2: Example pattern periods when SPS is not configured
	Configuration
	Pattern period (ms)

	LTE FDD
	8 ms

	LTE TDD UL/DL Configuration
	

	0
	70 ms

	1
	10 ms

	2
	10 ms

	3
	10 ms

	4
	10 ms

	5
	10 ms

	6
	60 ms


When SPS is configured, the pattern period should take into account typical VoIP packet arrival rate (20 ms). In this case, for LTE TDD UL/DL Configuration 0 and 6, the period is set to 20 ms, which allows maximum 2 transmissions. Pattern periods thus can be set as below:
Table 3: Example pattern periods when SPS is configured
	Configuration
	Pattern period (ms)

	LTE FDD
	8 ms

	LTE TDD UL/DL Configuration
	

	0
	20 ms

	1
	10 ms

	2
	10 ms

	3
	10 ms

	4
	10 ms

	5
	10 ms

	6
	20 ms


Proposal 3: it is proposed to study pattern periods for HARQ process reservation solution.
3      Conclusion
In this contribution, we analyzed HARQ process reservation based solution, and proposed the following:
Proposal 1: RAN2 to agree on the applicability of HARQ process reservation based solution on usage scenario of LTE+BT earphone (Multimedia service), LTE+WiFi portable router and LTE+WiFi offload.


Proposal 2: for Bluetooth coexistence, UE reports a set of patterns to eNB, and eNB decides the final pattern. FFS whether UE need to report addition information.


Proposal 3: it is proposed to study pattern periods for HARQ process reservation solution.
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