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Discussion and Decision
1      Introduction
In RAN2#91 meeting, it was proposed that drx-CycleLength of 20 subframes and drx-ActiveTime of 10 subframes can be considered as an enhancement to the current IDC feature for GPS protection [1]. During offline discussion, concerns were raised on introducing additional drx-CycleLength (e.g. 20 or 16 subframes). 
In this contribution, we reviewed the discussion in Rel-11 on this aspect, and discussed whether additional values for drx-CycleLength are needed.
2      Discussion
2.1     Rel-11 discussion on GNSS protection
In-device coexistence between LTE and GNSS was discussed in Rel-11 (e.g. in contribution [2]). Following agreements were reached and later reflected in TR 36.816 [3].
	· Agree that a TDM solution could help GNSS reception in collocated LTE + GNSS coexistence.

· DRX and HARQ process based TDM solutions are feasible for the initial satellite search use cases.

· DRX and HARQ process based TDM solutions are feasible for the successive location fixes use case.


In particular for GPS, as the bit period is 20 ms, TDM solution should guarantee that a certain ratio of 20 ms period is not interfered by LTE uplink transmission. 

In Rel-11, from UE reporting perspective, there are two TDM solutions adopted, i.e. UE could either report DRX assistance information (drx-AssitanceInfo) or a list of subframe patterns (idc-SubframePatternList). No matter which assistance information approach is used by the UE, if eNB decides to use TDM solution, it always configures DRX with the parameters selected based on UE reporting.

2.2     Necessitity to introduce new drx-CycleLength for TDD
For TDD, if the target of GPS protection is to ensure that at least 50% of GPS bit period is not interference by LTE uplink (e.g. as proposed in [1]), then IDC issue only happens for TDD UL/DL configuration 0. The reason is as follows. In TS 36.211 [4], Table 4.2-2 (as copied below) lists the TDD UL/DL configurations. It is clear that for TDD UL/DL configuration 1 to 6, UL ratio <= 50%, which means that the interference to GPS <= 50%. 
Table 4.2-2: Uplink-downlink configurations

	Uplink-downlink 
configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


The only problematic configuration is UL/DL configuration 0, where UL ratio is 60%. However with proper feedback of subframe pattern, the interference issue to GPS can be easily solved since disabling 1 or 2 UL HARQ process is sufficient. Note that for this configuration, HARQ timing period is 70 ms; therefore a compatible DRX cycle is 70 ms [5], instead of 20 ms.
Observation 1: for TDD, there is no need to introduce additional DRX cycles in InDeviceCoexIndication for the purpose of GNSS protection.
2.3     Necessitity to introduce new drx-CycleLength for FDD
For LTE FDD, UE can report 4 ms subframe pattern, as introduced in Rel-11 IDC. This is the result of 8 ms FDD UL HARQ timing (as shown in Figure 1 below), which requires that both bit n and n+4 to be enabled to facilitated DL/UL interaction. Current 4 ms subframe pattern allows 25%, 50%, or 75% of GPS bit protected from LTE UL interference. This provides some flexibility considering UE implementation and spectrum efficiency. For example, if there is less interference from LTE UL to GPS, then UE can report the subframe pattern with 25% protection for GPS. This protects correct GPS operation, while LTE UE can use 75% of LTE resource.
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Figure 1: FDD UL HARQ Timing
In [1], it was proposed to consider 20 ms DRX cycle with 10 ms on/off. Such 20 ms DRX cycle is not compatible with 8 ms FDD UL HARQ timing. To be compatible with HARQ timing, if DRX cycle length is a multiple of 4 ms, it should consist of repetitions of a 4 bit pattern. But DRX assistance information (IE drx-AssistanceInfo) can only report active time without further granularities, which breaks compatibility with HARQ timing. For example, as shown in Figure 2 below (where only UL transmissions and potential retransmissions are shown for simplicity), assuming DRX configurations allows 10 ms UL transmissions in frame m, then retransmissions in subframe 0 to 7 of frame m+1 are not allowed as they interferes GPS reception and reduce the protected GPS ratio below 50%. If LTE UL retransmission is disabled, then LTE performance is impacted since HARQ is disabled.
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Figure 2: Problem with 20 ms DRX cycle
During offline discussion, there were also proposals of considering 16 ms DRX cycle with 8 ms on/off. It is also incompatible with the FDD UL HARQ timing, as discussed above. In addition, since 16 ms DRX cycle is not aligned with 20 ms GPS bit period, the interference to GPS could vary for each GPS bit, and maximum 60% of one GPS bit could be interfered.
To comply with FDD UL HARQ timing, 4 ms subframe pattern (as agreed in Rel-11) is the best choice from radio efficiency perspective. In addition, it also provides predictable DRX pattern, which is necessary for in-device coexistence coordination.
Observation 2: for FDD, there is no need to introduce additional DRX cycles in InDeviceCoexIndication for the purpose of GNSS protection.
3      Conclusion
In this contribution, we discuss whether additional values for drx-CycleLength are needed. Based on observations for TDD and FDD, we propose the following:
Proposal 1: there is no need to introduce additional DRX cycles in InDeviceCoexIndication for the purpose of GNSS protection.
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