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1	Introduction
During the RAN2#97, the issue of LAA UEs sharing HW componnents between LAA and Wi-Fi has beed discussed. As result the problem is acknowledged and for LTE, RAN2#97-Bis the chairman requests an email discussion to progress the details around the appropriate solution to address this issue.
 [97#57][LTE/LAA] LAA/WiFi sharing (Apple)
Discuss options for addressing the LAA/WiFi sharing issue including IDC and other solutions.
Intended outcome: Email discussion report to next meeting
Deadline: Thursday 16/03/2017


2    Discussion	
As described in [1][2], an LAA capable UE could face form-factor limitations to support separate LAA HW from Wi-Fi HW. A natural approach to overcome such limitations is to share UE antennas and other HW components between LAA secondary cells and other technologies such as 5GHz Wi-Fi. 
The problem occurs when Wi-Fi high priority operations triggered by the user try to preempt HW ressrouces when UE is operating in LAA channels.
 As explained in [3], Uncoordinated LAA RX sharing with Wi-Fi could severly impact the LTE unlicensed carriers and also LTE licensed carrier’s performances. 
The discussed solution is for the UE to indicate important LAA RX unavailability (because of resource sharing) to the eNB when LAA SCell is configured or activated, so the eNB could deactivate or suspend data transmission over LAA SCells.
During the RAN2#97, the chairman requested to discuss (over email) the options to address the LAA/WiFi sharing issue including IDC and other solutions. 




2.1 IDC Framework & LAA/Wi-Fi RX sharing
Companies are invited to provide details regarding their opinion on re-using IDC signalling for LAA/WiFi RX sharing.
If supportive, describe the IDC features that are necessary to address the problem of LAA RX sharing. (reduce the burden of supporting unecessary IDC features on LAA UE and LAA eNB)
If not supportive, please, provide more details on issues related to re-using IDC.

	Company
	Description of IDC and its scope reduction for LAA/Wi-Fi RX sharing 
	Comments

	MediaTek
	In IDC framework, the UE sends the InDeviceCoexindication message that indicates frequencies that are facing interference, victim type, and TDM assistance information. We note that all these information elements are optional. For purposes of LAA-WLAN Rx sharing, the UE can indicate the affected frequency and/or victim type, and expect the eNB to deactivate LAA carriers.

A potential simplification of the above procedure would be for the UE to explicitly indicate LAA Rx sharing as the problem (e.g., by adding to victim type), and autonomously deactive the LAA carrier after sending the InDeviceCoex indication. 
	

	Qualcomm
	1. For periodic WLAN background search use case: UE can suggest CDRX on/off pattern to allow TDM between LAA and WLAN.  
2. For continuous WLAN data activity use case: we need to define a new IE for the UE to tell eNB that every subframe is not usable by LTE on affected frequencies. Note that idc-SubframePatternList is defined only for FS1/FS2 in today’s spec text, but not FS3/LAA Scell, so we cannot set it to 0000 to tell eNB to stop using any subframes. In addition, it is complex to support subframe pattern for UE and eNB, since it requires subframe level coordination.
3. In both #1 and #2, UE indidates the LAA Scell frequency in the affectedCarrierFreqList.
	Within the current IDC framework, there are two TDM mechanisms that may potentially be used here: CDRX pattern and subframe pattern. To address LAA/WiFi RF sharing issue, the minimum required functionalities are: CDRX TDM mechanism and a new indication “no subframe can be used by LTE on the affected frequencies”. This way both the UE and eNB do not need to support the more complex TDM solution of subframe pattern. We may need to find ways for the UE to tell that it only supports these mininmum IDC functionalities (e.g., new UE capability).

	Apple
	Our preference goes to LAA dedicated signalling, however, if companies prefer to reuse R11 IDC framework, we propose:
1. UE capability: define whether the UE support IDC for the purpose of LAA RX sharing.
2. IDC problem definition should be extended from interference issues to also cover RX sharing issue.
3. OtherConfig IE should be extended to indicate whether the UE is configured to initiate transmission of the InDeviceCoexIndication message for LAA RX Sharing purpose.
UE and eNB should be able to support the extended IDC indication and collision avoidance for LAA RX sharing, indepdently from the support of Rel.11 IDC indication and corresponding interference mititgation solution for 2.4GHz interferences or for uplink CA.
	IDC framework regroup RRC signalling + FDM/TDM interferences mitigation solution.
IDC is not yet deployed in the field.
Reusing the IDC framework for LAA RX-Sharing as it is, will require the UE and eNB to support all FDM/TDM intereferences mitigation such as sub-frames pattern, predictive DRX cycle, inter-freq handover while facing interference.etc.
These solutions are not needed for RX Sharing issue 

	BlackBerry
	The simplified IDC framework should indicate hardware sharing issue (e.g. indicating the problematic band or subband). Our view is that the issue is band specific and not necessarily cc specific (hence band specific indication is sufficient).
As Apple indicated above, the main issue with current IDC framework is that it has to be configured and enabled by the eNB for it to be used by the UE. Any simplification in the IDC framework for LAA would only be useful if it is enabled together with LAA configuration (e.g. it should be enabled by default when configuring LAA). Without this, the new signalling will be equally ineffective as current IDC. Further, this should be implementable early in the UE (i.e. from the same release as LAA). 
In addition, we also agree with MediaTek comment that UE should deactivate the LAA carrier upon sending IDC message with LAA/Wi-Fi hardware sharing problem indication (which is also inline with the UE behaviour during suspend resume in LWA). 
	

	Broadcom
	It is not clear what a “simplified IDC framework” may be in the context of LAA RX Sharing: the conditions are different, the actions to take are different, information to be signalled is different. From this perspective we have a similar preference as Apple for a dedicated LAA signalling and procedure.
	

	Nokia, Alcatel-Lucent Shanghai Bell
	Currently the NW is not aware of any HW sharing limitations that a UE has by design: Such considerations have been left up to UE implementations and it has been assumed UEs indicate their capabilities correctly.
The problem is very similar to IDC: RF parts needed for LTE and WLAN have in-device coexistence issues. The only difference is that in this case, the RF parts may be collocated. Therefore, it seems to us that the problem is clearly within the IDC framework. If the HW sharing mechanism needs to be indicated to eNB because it will impact the operation of e.g. LAA, the IDC framework seems to fit the description: the exact signalling need not follow the exact way IDC has been done so far, but it should be similar.
	IDC framework with some extensions seems suitable for the problem

	Intel
	In the existing IDC, the UE and the eNB are required to perform the following.
· In phase 2, the UE has to provide not only the affected DL frequencies in the IDC message but also the possible DRX configuration or the time domain pattern in order for the network to apply TDM approach if FDM approach is not possible. As mentioned in TS36.300 Section 23.4, the UE will have to provide all available information to the eNB:
· To assist the eNB in selecting an appropriate solution, all necessary/available assistance information for both FDM and TDM solutions is sent together in the IDC indication to the eNB.
· In addition, current IDC also allows the configuration of IDC for UL CA and autonomous denial.
· The UE is expecting the eNB to provide a FDM solution or a TDM solution to resolve the coexistence issue so that it can move to Phase 3.
· Also in Phase 2 and 3, the UE is needed to perform RRM measurement free of IDC interference before it receives a solution from eNB.
For LAA/WiFi RX sharing: 
· In Phase 2, the UE is only needed to indicate the affected DL frequencies. There is no need for providing UL CA combination as well as any time domain configuration or information. There is also no need for the UE to perform autonomous denial
· In Phase 2, the UE is not needed to perform RRM measurement (intra-frequency or inter-frequency) free of IDC interference (i.e. it will be measured as before without consideration of IDC interference)
· UE is expecting the eNB to perform deactivation of the affected SCell, but should be able to handle eNB just suspending transmission over the frequency affected or releasing the affected SCell. RRM measurement in Phase 3 will be the same as Phase 1 (i.e. it will be measured as before without consideration of IDC interference) 
· UE is expected to trigger one more IDC message if it finds the LAA SCell is not affected anymore due to the WiFi/LAA Rx sharing. This shall be done by removing the corresponding measurement object from the list of affectedFrequencies.
Like in IDC, the IDC indication for LAA/WiFi RX sharing can only be triggered for frequencies for which a measurement object is configured. This will allow indication of such RX sharing, even if a LAA cell is not configured yet. This will prevent a LAA cell from being configured when the receiver is not available.
We also think that a new capability signalling is needed for this and is only signalled if the UE supports also LAA.
If UL LAA should also be considered, there is also a need to indicate the UL carrier frequency.  
	We can support the use of IDC to handle the LAA/WiFi RX sharing case, but would like to see the scope of the IDC reduced. We have provided the parts of the IDC that are not needed for LAA/WiFi RX sharing. 

	Ericsson
	In case the LAA operation and WiFi operation causes problem in the device which the device cannot solve by itself, the in-device coexistence indication can be used to indicate the problems to the eNB.

In case the WiFi operation is such that LAA operation is not feasible at all, e.g. continious WiFi communication, the UE will report "affectedCarrierFreqList" the affected LAA-frequencies. The eNB may then deconfigure the LAA carrier on the problematic frequency/frequencies.

In case the UE determines that there is some time-pattern in the WiFi operation (e.g. scanning) the UE can indicate this to the eNB by indicating DRX-setting which could help solving the coexistence problems, or it could provide a subframe pattern in "idc-SubframePatternList". The eNB may configure a DRX configuration to help the UE, or deconfigure the LAA carrier if that is deemed suitable by the eNB.

We assume both the FDM-solution and TDM-solution are as applicable also in this scenario.

In the Athens-meeting some companies wondered if the TDM-solution is really suitable for this scenario. We believe that the IDC solution, at least, could allow the UE to omit the TDM-indications if a TDM-solution is not possible. In 5.6.9.3 in RRC we have the following text. From the yellow it seems that the UE must always include a TDM indication (either DRX or subframe pattern), so RAN2 could consider to amend the yellow text if needed.

The UE shall set the contents of the InDeviceCoexIndication message as follows:
1>	if there is at least one E-UTRA carrier frequency, for which a measurement object is configured, that is affected by IDC problems:
2>	include the field affectedCarrierFreqList with an entry for each affected E-UTRA carrier frequency for which a measurement object is configured;
2>	for each E-UTRA carrier frequency included in the field affectedCarrierFreqList, include interferenceDirection and set it accordingly;
2>	include Time Domain Multiplexing (TDM) based assistance information:
3>	if the UE has DRX related assistance information that could be used to resolve the IDC problems:
4>	include drx-CycleLength, drx-Offset and drx-ActiveTime;
3>	else (the UE has desired subframe reservation patterns related assistance information that could be used to resolve the IDC problems):
4>	include idc-SubframePatternList;
3>	use the MCG as timing reference if TDM based assistance information regarding the SCG is included;

	

	LG
	The situation in LAA/WiFi sharing is very similar to IDC case, and thus IDC solution is sufficient. We don’t think anything is needed further beyond the current IDC.
	

	Samsung
	We think it would be desirable to not have a dependency between LAA and IDC features even if the IDC solution can be used for the problem. That is, in practice, the problem of LAA/Wi-Fi sharing issue "always" occurs considering smartphone market, and then the native solution for LAA feature would be preferable, rather than requiring UE to implement entire IDC features (also avoiding additional UE capability).
Also note that the existing IDC indication requires reporting list of affected measurement objects, but for LAA/Wi-Fi RX sharing problem, UE only needs to indicate that it does (not) want to be configured with LAA feature. In that sense to have a simple indication from UE would make UE implementation much simpler.
	



2.2 Other Solutions for LAA/Wi-Fi RX sharing 
Companies are invited to provide details regarding other/new signalling that could be used to address the LAA RX sharing issue. 
	Company
	Description of additional dedicated signalling for LAA/Wi-Fi RX sharing
	Comments

	MediaTek
	A potential mechanisn would be to borrow the suspend-resume procedure used for eLWA. 
	With this scheme, an LAA capable UE need not support IDC.

	Qualcomm
	Using MAC CE for the UE to indicate eNB which CC to suspend/resume can also solve the issue, the latency is shorter than IDC which is based on RRC. We should make the signaling generic and applicable to any Scell on any carrier frequency including non LAA case. 
	In the future, LAA may have multiple bands, so the signaling should allow UE to indicate suspend/resume per CC.

	Apple
	We have a preference for a dedicated message (MAC-CE) from the UE to the eNB in order to notify the eNB about LAA RX unavailability (Suspen/resume). This message could be used only by UE when LAA is configured or enabled
	This solution has an advantage of improved latency over RRC signalling.

	BlackBerry
	A suspend resume like procedure would significantly simplify this and we would support this. There are two options
1) Reuse the suspend resume procedure signaling framework defined for LWA (with possible addition of a new codepoint to indicate hardware sharing issues for LAA)
2) Introduce a new MAC CE to indicate suspend resume as QC proposed. 
Option 1) is simpler to standardise whilst option 2) allows for lower latency in sending the indication as QC mentioned. We are okay with either of these options. Regardless of the method of indication, we believe, the behaviour of the UE should be clear (i.e. the UE suspends/deactivates the LAA carrier upon sending this indication). 
	We agree that signalling needs to be kept open for future enhancements. However, we think band specific indication is sufficient (i.e. not per cc) since hardware sharing issue applies per band (rather than cc). 

	Broadcom
	We also have a similar preference as Apple for a dedicated message (MAC-CE) from UE to eNB that indicates the unavailability of the LAA RX. 
Furthermore as BlackBerry indicated, we would like a clear UE behaviour (i.e. the UE suspends/deactivates the LAA carrier upon sending this indication).
	

	Nokia, Alcatel-Lucent Shanghai Bell
	The changes to IDC framework are quite simple: 
· Indication that the IDC problem is due to LAA/Wifi HW sharing
· SCells that are affected by the problem (already existing since measObject exists for every serving cell)
· Indication of possible TDM patterns that could help the UE (already existing in IDC)
· eNB indication that such IDC indications are allowed (similar to what was added for UL CA IDC indication in Rel-13)

If some additional indications (e.g. duration of problem) are needed, those could be added as well, but we would like to understand how such indications would be used.
Additionally, the MAC CE also has the issue of larger unreliability than with RRC message.

	No matter which solution is used, it should be controlled by the network. That means that UE wouldn’t suspend any connection unless the network allows that – one simple reason for this is to ensure legacy networks function without any problems. Such an indication could be separate from the existing IDC-Config if seen useful.
Since the problem occurs periodically based on configured SCells, it seems like the IDC indication could still function: For each Scell, eNB is required to configure a measurement object, which the UE can refer when indicating which SCells have issues. Then, in case the UE knows a workable TDM pattern to prevent the problems, it can also indicate that within the normal IDC indication.

	Intel
	We also have a preference as Apple to use MAC CE for UE to suspend/resume of LAA if suspend/resume mechanism is to be used to solve the issue.
	

	LG
	We think nothing is needed. Indication that the IDC problem is due to wlan can cover the the case of LAA/Wifi HW sharing as well.
	

	Samsung
	Either a new MAC CE or a new RRC message would be fine for the issue, but we slightly prefer a RRC message for better reliability.
	




3    Conclusion
Observation1: 10 companies provided a feedback to email discussion
Observation 2: Majority of company expressed that the solution for LAA-WiFi RX-Sharing should be independent from existing IDC in terms of implementation and deployment.
 
Observation 3: 7 Companies supported an alternatives solution to IDC based on RRC or MAC signalling among them 5 companies expressed strong prefere to define RRC/MAC signalling tied to LAA vs reusing IDC.  
Observation 4: 2 companies think that we should do nothing. (IDC as it is, is sufficient)
Observation: 5 companies think that if we end up using IDC, a reduction of scope to cover LAA RX-sharing is needed I addition to a definition of expected UE and eNB behaviour.

[bookmark: _GoBack]Recommendation: It seem that there is an understanding between majority of companies on the necessitiy of RX_sharing coordination signalling that is tied to LAA in order for the UE in the field to support LAA. 
However, there is no clear consensus between companies regadring modigying IDC framework or introducing/reusing a dedicated signalling for LAA RX-Sharing issue.
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