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Introduction
In recent RAN2 offline email communications and last RAN4 meeting, 
· There is no consensus that WLAN/BT should be included in the IDC enhancement to solve UL CA IMD interference issue. In addition, we do not think the IDC enhancement being discussed has performance gain when the victim system is WLAN/BT.
· At least two infra companies expressed the message that complex enhancement is hard to deploy. 

Considering both points above, we propose to simplify the enhancement proposal in the following aspects. 
· Introduce the IDC enhancement only for GNSS systems and leave the enhancement for WLAN/BT for the future. 
· UE only reports “GNSS systems” as victim system, but not “which GNSS systems”. 

In our proposal, only a one-bit parameter is introduced for the enhancement (the CR is in [1]). 
For the background of the topic, please refer to R2-151546 [2].
Proposed IDC enhancements
A simplified solution for GNSS victim
GNSS receiver may be affected by IM interference and it will be beneficial to indicate the victim system to eNB for efficient scheduling. In this case, if we do not provide GNSS as victim type, the best eNB can do is to avoid scheduling SCell in the indicated TDM subframes. But, this may turn out to be inefficient, if most of the resource blocks of the SCell are free of interference. This can be illustrated by the following example:
Consider LTE 20 MHz + 20 MHz UL CA with PCC UL on f1 = 1860.3 MHz (Band 2 UL EARFCN 18703) and SCC UL on f2 = 1743.1 MHz (Band 4 UL EARFCN 20281). It turns out that around 75 resource blocks on SCell are in fact free of interference to any GNSS type and can be scheduled at the same time as any of the 100 resource blocks from PCell. This was obtained by considering Equation 1 and all four GNSS systems (GPS, GLONASS, BDS, Galileo). Hence, if we provide GNSS as victim type, eNB can schedule on these resource blocks on SCell and thus minimize the reduction in throughput, as well as get more scheduling flexibility.
Observation 1: It improves LTE efficiency and eNB scheduler flexibility if UE can provide the victim type to the eNB in case of GNSS. 
In practice, a UE often uses more than one GNSS systems (e.g., GPS and GLONASS) simulataneously for positioning, in order to improve the positioning accuracy. Considering this and the fact that GNSS systems use small bandwidth, we think the eNB may always assume the worst case that all four GNSS systems are used by the UE and should be protected. This simplifies the signaling, since the UE does not need to report which types of GNSS sytems are being used. It can also potentially simplify the eNB logic for handling this IDC enhancement.
Observation 2: It is simpler to report the victim system as GNSS only. 
For each of the four GNSS systems, there is only one frequency range, e.g., GPS L1 uses the range 1574-1576 MHz and has a small bandwidth (2MHz). As long as the eNB knows the victim is GNSS, the eNB does not need the UE to report the frequency range.
On the contrary, for WLAN/BT systems, the channel/frequency range varies. For example, there are more than 10 WLAN channels in the 2.4GHz band and tens of channels in the 5GHz band. A WLAN can use a bandwidth of 20-160MHz.
Observation 3: Each GNSS system has a single frequency range and small bandwidth (less than 10MHz); WLAN/BT system has tens of channels and usually uses 20-160MHz bandwidth. 
As we had pointed out in [2], the usefulness of additional signaling to help avoid interference to WLAN/Bluetooth is less due to much larger bandwidths. Further, there is no consensus yet in RAN2 or RAN4 either on whether FDM solutions are beneficial for WLAN, Bluetooth. Hence, we propose to limit the enhancement to GNSS.
Based on Observations 1, 2 and 3 we have the following proposal.
Proposal 1: RAN2 is requested to discuss whether providing the victim type (GNSS) can be considered as an enhancement to the current IDC feature.
Upon reception of the UE report, the eNB can check the IMD/harmonics table in TR36.860 Table 9.1-1 [3] to find the IMD/harmonics orders.
 
As we can see from our CR with these proposals in [1], only a one-bit parameter is introduced for this IDC enhancement. 

Missing DRX parameter for IDC (20ms DRX cycle)
RAN2 extensively discussed many solutions for IDC before converging to the use of different FDM and TDM solutions. In particular for GNSS, it is understood that a minimum percentage of a bit period is required for reliable detection, as pointed out in 36.816 [4].
In GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. GNSS requires some amount of interference free time every bit period depending upon GNSS receiver phase (i.e. acquisition, tracking phase). There may be no specific requirement that certain portion of bit period is more critical than other. If GNSS receiver can get sufficient percentage of interference free time out of every bit period then it can possibly recover the signal and solve the in-device co-existence issue.
Observation 4: For reliable reception of GPS signals, UE should be able to obtain a minimum amount of interference- free time in every 20ms period. For accurate positioning, at least 50% of each 20ms GPS frame should be interference-free. 
Observation 5: The current DRX assistance info for IDC allows the UE to choose from {40, 64, 80, 128, 160, 256} subframes for DRX cycle and {20, 30, 40, 60, 80, 100} for active time. 
On the other hand, looking back at RAN2 discussions and chairman notes in RAN2 #78, #79 and #79bis, it seems that somehow the value pair of 20ms for DRX cycle and 10ms for active time was missed (see Appendix). 
Proposal 2: RAN2 is requested to discuss whether including 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. 
Conclusion
Proposal 1: RAN2 is requested to discuss whether providing the victim type (GNSS) can be considered as an enhancement to the current IDC feature. 
Proposal 2: RAN2 is requested to discuss whether including 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. 
A CR with these proposals is provided in [1].
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Appendix
RAN2 email discussion and agreements capturing the IDC DRX values from RAN2#79bis chairman notes 
	
R2-124404	Report of email discussion [79#33] [LTE/IDC] IDC open issues; Huawei; Report; result of email discussion [79#33]; related CRs provided in R2-124405, R2-124406;
Proposals:
1: If configured, the IDC indication prohibit timer should be applied to all IDC indications messages.
2: The UE should not repeatedly send the same IDC indication message to the network.
3: As a starting point to move on, a configurable IDC indication prohibit timer is adopted.
4: As a starting point, some initial values, e.g. 100ms, 200ms, 300ms, 400ms, 500ms, 1000ms, 5000ms for a configurable IDC indication prohibit timer can be adopted.
5a: If configured, the UE should clear the IDC indication prohibit timer in case of intra-LTE handover and reestablishment.
5b: If configured, the UE should release the idc-Config upon reestablishment.
5c: RAN2 is request to discuss whether the UE should release the idc-Config, if configured, upon intra-LTE handover.
6: With respect to the E-UTRAN UL carrier frequency, the current mechanism is sufficient and no additional mechanism is needed in Rel-11.
7: There is no need to specify a pre-configured time for phase 2 and it could be left to UE implementation in Rel-11.
8: Once LTE UL autonomous denial rate is configured by the eNB, it is applicable for all phases.
9: There is no need to specify the LTE DL autonomous denials.
10: A moving window is used to specify the start and end of the time validity period over which the autonomous denial subframes shall be counted.
11: Introduce the following values for the IDC assistance information:
	Values and/or range of drx-CycleLength-r11: 40, 64, 80, 128, 160, 256 subframes.
	Values and/or range of drx-Offset-r11: 0-255.
	Values and/or range of drx-ActiveTime-r11: [20, 30, 40, 60, 80, 100]psf.
	Values and/or range of maxFreqIDC-r11: 32.
	Values and/or range of maxSubframePatternIDC-r11: 8.
12: The new values introduced in DRX-config-r11 are not applicable for non-IDC UEs.
13: One feature group for both FDM+TDM and LTE autonomous denial is sufficient in Rel-11.

Proposal 2: 
-	Huawei thinks that we may have to allow the UE to send the same indication after handover to another eNB. Samsung thinks the UE does not know about eNBs. Ericsson thinks that there may be cases where the UE changes the content of its indication when the eNB has already forwarded the previous indication. ALU thinks that alternatively, the source eNB could still forward the new context eNB status transfer or SN status transfer. NSN agrees that there could be this race condition and NSN thinks that the simplest solution seems to be to allow the UE to re-send it after handover. Samsung thinks we could consider a clarification that the UE may repeat it in the target if it updated it just shortly before receiving the HO command. 
-	Panasonic wonders whether we would want to test this. NSN thinks we should at least prohibit it. 
-	Chairman thinks that proposal 2 is already captured in the current specification. 
Proposal 3: 
-	LG and ZTE think that the eNB has anyway no means to choose a particularly good value. Nokia would also prefer to have a fixed timer value or no timer at all. Ericsson thinks the eNB can e.g. choose the timer value based on the load conditions. LG thinks a small fixed value should be enough. Huawei thinks one small fixed value is not enough. We should go for the majority view. Samsung thinks that the more complex we make the feature the less likely it is that it will ever be implemented. Samsung thinks that 500ms timer value could be OK. We could keep the value in brackets and come back if we think a different value would be needed. Samsung thinks that since we don’t allow repeating the same value there should not really be a problem. QC could support this but would suggest 200ms. Nokia thinks that there may be some situations in which timely updates are needed. But this does not mean that a UE will send indications repeatedly every 200 ms. NSN thinks that we could also go without any prohibit timer. Ericsson thinks it would be testable that the UE does not send too frequent updates. Samsung would be OK not to have any timer. 

Show of hands:
a) no timer: 10 companies
b) fixed timer: 2 companies
c) configurable timer: 14 companies

-	DT is concerned that a broken UE implementation could still flood the NW with indications until the NW is able to de-configure the IDC indication signalling. 
-	Chairman thinks that this discussion shows that we have to test this IDC functionality no matter whether we introduce a timer or not. Otherwise, it is very likely that we see broken UE implementations that flood the NW with indications. Just relying on that the NW may de-configure the feature is not good enough. 
-	Panasonic wonders how the eNB knows whether the reconfiguration helped to UE to resolve its problems. Chairman thinks that for FDM the eNB should know pretty well which solution helps. Nokia thinks that also for TDM the eNB can apply a good solution based on the UE’s indication. Ericsson thinks that the eNB will also see from RRM measurements whether the solution helped. Otherwise, the UE will again enter phase 1 and reflect the IDC interference in RRM measurements. 
-	After offline discussion Huawei suggests not to have any prohibit timer. 
Proposal 5b/5c:
-	ALU does not think that IDC config should be released upon reestablishment. The NW can reconfigure after the first reconfiguration after reestablishment. Samsung thinks then there would be a suspension. ALU agrees that the indication should be suspended until after the first RRCConnectionReconfiguration after re-establishment. ALU thinks this would allow delta signalling and would simplify the procedural text since we don’t add UE autonomous behaviour. ALU explains that the target eNB gets the release of the source configuration and therefore knows whether it has to do a full config. Ericsson agrees with ALU’s understanding and reasoning. Ericsson suggests to keep the configuration both for handover and re-establishment. Nokia wonders what would happen if the UE would send the indication before the reconfiguration (no suspend). ALU thinks that eNB should be able to handle this but we avoided it so far in our specification. More importantly, we should suspend since this is a case where the configuration in the eNB may be different from the configuration in the UE. ZTE thinks we would still need to add text to handle the suspending. ALU thinks we should add in the reestablishment procedure what is supposed to be suspended (for all new indications). ALU thinks this would reflect the general principle that we introduced in Rel-8. ALU thinks we should align also these UE indication procedures. Samsung thinks that on MAC and above we usually keep the configuration and only release the L1 configuration. We could follow that logic here. QC thinks we are doing a functional suspension. Samsung thinks we are suspending the reporting. Ericsson thinks the alternative would be to release the configuration, resulting in the same UE behaviour but requires full-configuration. Nokia does  not want to decide on the functional suspension of a particular feature. 
Proposal 7:
-	QC wonders whether we have to then change the assumption that the measurements are free from IDC interference. QC thinks so. Chairman understands that at some point in time in phase 2, the UE assumes that the eNB will not resolve the IDC problem and then decide whether to block ISM UL transmissions in order to stay connected in LTE or to continue ISM transmission and then potentially having to declare RLF in LTE. 
Proposal 12: 
-	NSN thinks we don’t need a critical extension if we go for this since to ensure that there is no impact on non-IDC UEs. Samsung thinks that so far we have the critical extension in the specification. Samsung expects that the non-critical extension will require quite a few changes and the NW would then have to send the legacy values which the UE then ignores if the new value is present. Samsung would also be OK with that. 

	Agreements
2	We re-confirm what stage-3 already covers: The UE shall not repeatedly send the same IDC indication message to the network.
2a	After handover, the UE may repeat an IDC indication with the same content as the last IDC indication sent prior to the handover. This is to resolve the case where the source eNB forwarded the IDC context before the UE sent the last update. (Could try to generalize)
3	We will not have a prohibit timer

(FFS means for further study)
FFS: 4	Upon handover and re-establishment, the idc-Config is not released. 
FFS: 4a	During re-establishment, the idc-Config (IDC indications and autonomous denial) is suspended until the first RRCConnectionReconfiguration following the re-establishment (to avoid that the UE sends indication to an eNB not supporting them). 

6	With respect to the E-UTRAN UL carrier frequency, the current mechanism is sufficient and no additional mechanism is needed.
7	There is no need to specify a pre-configured time for phase 2 and it could be left to UE implementation.
8	Once LTE UL autonomous denial rate is configured by the eNB, it is applicable for all phases.
9	There is no need to specify the LTE DL autonomous denials.
10	A moving window is used to specify the start and end of the time validity period over which the autonomous denial subframes shall be counted.
11	Introduce the following values for the IDC assistance information:
	- Values and/or range of drx-CycleLength-r11: 40, 64, 80, 128, 160, 256 subframes.
	- Values and/or range of drx-Offset-r11: 0-255.
	- Values and/or range of drx-ActiveTime-r11: [20, 30, 40, 60, 80, 100]psf.
	- Values and/or range of maxFreqIDC-r11: 32.
	- Values and/or range of maxSubframePatternIDC-r11: 8.
12	The new values introduced in DRX-config-r11 are not applicable for non-IDC UEs. 
12a	The new DRX-config-r11 is implemented as non-critical extension
13	One feature group for both FDM+TDM and LTE autonomous denial is sufficient in Rel-11.









