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1 Introduction
Discussion on LTE-ISM/GNSS coexistence in RAN2#71 and further email discussion led to a first version on the TR 36.816[1]. The following usage scenarios have been captured in the TR:

1. LTE + Bluetooth earphone
2. LTE + WiFi portable router
3. LTE + WiFi offload
4. LTE + GNSS Receiver
The following modes of operation were also captured in the TR:

1. Uncoordinated Mode

2. Coordinated within UE only

3. Coordinated within UE and network

Finally, the following solution directions were also captured in the TR:

1. Move LTE Signal away from ISM band

2. Move ISM Radio signal away from LTE frequency band

3. Time Division Multiplexing

In this contribution we analyze which combinations of mode of operation and solution direction can be used to address each scenario. We also discuss the distinction between the “Uncoordinated mode” and “Coordinated within UE only” mode and suggest that there is not much utility in distinguishing between these two modes.

2 Discussion

“Uncoordinated” mode and “Coordinated within UE only” mode

In the uncoordinated mode, the LTE and ISM radios in the UE operate independently and the eNB is unaware of the status of ISM activity. In the coordinated within UE only mode, the LTE and the ISM radios in the UE communicate and coordinate. However, the eNB is unaware of and not involved in such coordination. 
In our understanding, the purpose of differentiating between uncoordinated and coordinated within UE only is to identify which solutions require coordination between vendors of the LTE and ISM radios. Such inter-vendor coordinated design can be based on various types of inter-processor signalling. However, classifying solutions based on this distinction would require detailed discussions of how the coordination would be done. For example, if the intention is to inform the eNB when the WiFi radio is turned on, this can be done by communication between the LTE and WiFi sides. However, determining whether the WiFi radio is turned on may also be possible without such communication between the LTE and WiFi sides. So it is unclear if the concept of informing eNB when the WiFi radio is turned on would be classified as uncoordinated or coordinated in UE only.
We therefore think that such discussions about coordination within the UE should be left to design discussions between vendors. We would prefer to focus on what implications a solution has on the LTE interface and whether it meets the needs for the usage scenario. Thus, in the discussion below, we use the following two modes of operation instead of the three modes listed in the TR:
· Without network coordination: This would include all operation that – depending on one’s interpretation – can be classified as “uncoordinated” or “coordinated within UE only”.
· Coordinated within UE and network: Operation that involves coordination at the LTE eNB
The discussion below individually treats combinations of solution directions and modes of operation.
2.1 Move LTE Signal away from ISM band

The two primary procedures supported in LTE Release 8/9 for moving the UE to an LTE frequency that is farther away from the ISM band are inter-frequency handover and RLF followed by a re-establishment. Of these two, the inter-frequency handover is generally preferred; the radio link failure approach causes long interruptions and is unpredictable (difficult to ensure that UE goes to a frequency where coexistence is not a problem). We consider the different modes of operation below.
Without Network Coordination: With this approach, the eNB is unaware of the status of ISM/GNSS activity. Different approaches considered may need different degrees of coordination within the UE (however, the intention is not to discuss the details of the coordination). It is assumed that this mode relies on mechanisms in Release 9 to perform inter-frequency handover or a radio link failure followed by a reestablishment on a different frequency. That is, RRM/RLM measurements are used to trigger inter-frequency handover or reestablishment. However, this can avoid coexistence problems only if the RRM measurements reflect the interference caused by ISM to LTE. Some observations about this approach:
· RRM measurements cannot trigger handover in usage scenario 4 since GNSS activity does not cause interference to LTE. However, LTE can cause interference to GNSS reception. Since the UE is aware of the GNSS activity, it can send artificially low (fake) measurements to trigger an inter-frequency handover. 

· RRM measurements are generally based on measurement periods that are multiples of the DRX cycle length. If WiFi transmission is occurring and causing interference to LTE, it can be quite a long period before suitable measurement report is triggered and an inter-frequency handover occurs. If there is sufficient WiFi transmission activity, it is quite likely that a radio link failure occurs before the inter-frequency handover.
· RLF and reestablishment are designed to enable recovery of the connection on an alternate cell when the serving cell radio link is poor for an extended period. If ISM transmissions occur continuously over an extended period, RLF could occur. If the ISM activity is not continuous, the UE may not experience RLF but the LTE link can still be significantly impacted. Moreover, the UE may ping-pong between frequencies due an RLF and reestablishment followed by a handover back to the same frequency when the ISM activity is temporarily stopped.
In summary, we think RLF based mechanisms may not always be suitable. This combination (moving LTE signal without network coordination) can be considered for all usage scenarios assuming inter-frequency handover is the mechanism for moving the LTE signal. Details of solutions need to be considered to evaluate feasibility and complexity.
Coordinated within UE and Network: With this approach, the UE informs the eNB about ISM/GNSS activity, which enables the network to perform an inter-frequency handover. This can be seen as an extension of the “Without network coordination” mode – that is some coordination network coordination aspects are added to the operation possible in the previous mode. The knowledge of ISM activity can make the eNB appropriately select a frequency to handover the UE.
· The eNB can perform measurement configuration based on the knowledge of the likelihood of ISM activity. For example, the eNB can configure the UE to perform measurements and measurement reporting of an alternate band if the ISM radio in the UE is active. 
· The eNB can utilize the knowledge about ISM activity in other ways also. For example, the measurement reporting triggers can be changed, so that the eNB becomes aware of ISM activity early. However, the suitability of such mechanisms needs to be studied further.
· In general moving UEs to alternate frequencies can create a load balancing problem for the network. With an increasing number of devices supporting WiFi and Bluetooth, it is quite likely that the frequencies that are interfered by ISM transmissions will be under-used while UEs remain on other frequencies. Furthermore, if an operator does not deploy multiple frequencies or if all the frequencies in the band are affected by the ISM transmission, this approach will be inadequate.
Most of the comments on the “without network coordination” mode apply here as well. This combination can be considered for all usage scenarios (assuming inter-frequency handover is the mechanism used). Details of solutions need to be considered to evaluate feasibility and complexity and particularly if the additional complexity of network coordination is warranted.
2.2 Move ISM radio signal away from LTE frequency band

Moving the ISM radio operating frequency is generally outside the control of the device, unless the device is the WiFi access point or the Bluetooth piconet master. Thus this solution direction applies only to usage scenarios 1 (LTE+Bluetooth earphone) and 2 (LTE+WiFi portable router).
Without Network Coordination: 
· For usage scenario 2, the UE can be restricted to use only certain Bluetooth/WiFi frequencies (e.g., Bluetooth adaptive frequency hopping with certain channels black listed or use only WiFi channel 11 that is furthest away from the TD-LTE Band 40) to minimize interference to LTE. 
· For usage scenario 1, the UE (Bluetooth master) can adapt the BT hopping pattern to exclude a portion of the frequencies based on the LTE frequency being used. For usage scenario 2, the UE can change the operating WiFi frequency based on the LTE frequency being used. This should not be done too frequently as it results in breaking the connection for other devices that are connected through the UE. 
In general, we do not see a need to have any discussion of techniques of the above type as this is (a) entirely an implementation issue, and (b) it has no procedural impact to LTE.

Coordinated with UE and Network: Given that the ISM side of the UE can change its operating WiFi/Bluetooth frequency without network coordination, we do not see a need for involving the network in this case.
These combinations are applicable to usage scenarios 1 and 2 only and are not expected to have any standards impact to LTE.
2.3 Time Division Multiplexing

In most practical situations, it is expected that the UE will have significant DRX opportunities and any ISM/GNSS activity that occurs during the DRX period does not affect the LTE connection. Furthermore, since band 40 is for TDD, ISM transmissions during LTE UL subframes and ISM/GNSS reception during LTE DL subframes do not cause any mutual interference. Thus, the DRX opportunities and the TDD UL/DL pattern provide some degree of time division multiplexing of the LTE and ISM/GNSS activity. Various additional TDM approaches can be considered, but the impact to the eNB scheduling and complexity should be evaluated. 
Without Network Coordination: The TDM that is naturally available due to DRX and the TDD UL/DL pattern provides some TDM opportunities. Other techniques can be used to further enhance this TDM behavior. 
· For usage scenario 2, the UE (as WiFi AP) needs to transmit beacons periodically for proper operation of the WiFi links. The beacons provide critical information, and if WiFi devices are unable to receive beacons periodically, they may infer that the AP is not in range and scan for and try to attach to other access points. The beacon repetition interval can be chosen such that it overlaps LTE UL subframes. However this still has problems: (a) due to the WiFi beacon interval being a multiple of 1.024 ms, the beacon transmission shifts relative to the LTE frames and eventually overlaps LTE DL subframes; (b) beacons can get delayed when the medium is busy due to ongoing transmissions, in which case the beacon can overlap an LTE DL subframe. Being unable to receive an LTE DL transmission due to an overlapping beacon transmission may not be a severe problem given that beacons typically occur approximately once every 100 ms. However, further analysis is needed to determine the impact of this.
· For usage scenario 3, the UE (as WiFi device) needs to periodically receive beacons. Given that the UE has no control over the beacon transmission times and repetition interval, the beacon reception can overlap an LTE UL subframe. Generally, missing a few beacon transmissions results in the UE scanning for other WiFi APs. UE could simply DTX any UL transmissions that overlap a beacon reception. This can be handled similar to measurement gap handling in Release 8.
· For usage scenario 1, the UE (as Bluetooth Master) can reserve time-slots that overlap with the DL subframes for Bluetooth reception (for example using an extended synchronous connection oriented link). Bluetooth receptions overlapping LTE DL subframes are not interfered. As the Bluetooth transmissions are low power, the impact of interference on LTE reception is expected to be small. Further study is needed to determine whether additional mechanisms are needed to protect the LTE reception from Bluetooth transmissions.
· For non-beacon transmission/reception in usage scenarios 2 and 3, CQI reports from the UE can also help enforce a TDM behavior. That is, WiFi/Bluetooth transmissions from the UE can cause the reported CQI to be lower. This can cause the eNB to delay scheduling of LTE DL data for the UE. After the WiFi/Bluetooth transmission from the UE is completed, the CQI improves, and the eNB schedules DL data for the UE. Further study is needed to analyze the merits of such an approach. 
· It is expected that usage scenario 4 (LTE+GNSS receiver) cannot be sufficiently addressed with this combination. For example, GPS receivers receive navigation messages continuously over multiple seconds and the DRX and TDD UL/DL pattern obviously do not allow for such long periods of no interference.
This combination can be considered for usage scenarios 1, 2 and 3. For usage scenario 4, given the time taken to acquire the GNSS messages, this combination may be unsuitable.
Coordinated with UE and Network: In this mode, the UE involves the eNB in order to coordinate transmissions to achieve a TDM behavior.
· For beacon transmissions and receptions in usage scenarios 2 and 3 respectively, if the eNB is aware of the beacon transmission times and periodicity, it can schedule UL and DL transmissions so that they do not overlap the beacon activity. 
· The eNB can provide gaps on the LTE interface, during which ISM activity is conducted. The gaps would be in addition to any DRX opportunities. While such a technique seems promising, it also requires a lot of control at the eNB – for example, it is unclear how the eNB would choose gap durations and determine when a gap starts. 
· For usage scenario 4, the time required for reception of navigation messages makes this combination unsuitable.
This combination can be considered for usage scenarios 1, 2 and 3. For usage scenario 4, given the time taken to acquire the GNSS messages, this combination may be unsuitable. Details of solutions need to be considered to evaluate feasibility and complexity and particularly if the additional complexity of network coordination is warranted.
	
	Without Network Coordination
	Coordinated within UE and Network

	Move LTE signal away from ISM band
	RLF based mechanisms may not be suitable. This combination can be considered for all usage scenarios assuming inter-frequency handover is the mechanism for moving the LTE signal. It should be noted that usage scenario 4 may require fake measurements. Details of solutions need to be considered to evaluate feasibility and complexity.
	This combination can be considered for all usage scenarios (assuming inter-frequency handover is the mechanism used). Details of solutions need to be considered to evaluate feasibility and complexity and particularly if the additional complexity of network coordination is warranted.

	Move ISM radio signal away from LTE frequency band
	Applies only to usage scenarios 1 and 2. Do not see a need to discuss this in RAN2 because this is (a) entirely an implementation issue, and (b) it has no procedural impact to LTE. 
	Applies only to usage scenarios 1 and 2. Given that the ISM side of the UE can change its operating WiFi/Bluetooth frequency without network coordination, we do not see a need for involving the network in this case.

	Time Division Multiplexing
	Can be considered for usage scenarios 1, 2 and 3. For usage scenario 4, given the time taken to acquire the GNSS messages, this combination may be unsuitable.
	Can be considered for usage scenarios 1, 2 and 3. For usage scenario 4, given the time taken to acquire the GNSS messages, this combination may be unsuitable. Details of solutions need to be considered to evaluate feasibility and complexity and particularly if the additional complexity of network coordination is warranted.


3 Summary
We have discussed the combinations of solution directions and modes of operation to provide a basis for further discussion. We have the following observations and proposals

Observation 1: Techniques for “Moving ISM signal” are entirely implementation related and do not have an impact to LTE specifications.
Proposal 1: RAN2 should not discuss approaches for “Moving ISM signal”.
Observation 2: Techniques for “Moving LTE signal” can leverage existing functionality and seem simpler than TDM solutions.
Proposal 2: RAN2 should discuss details of solutions for “Moving LTE signal”.
Observation 3: Techniques for “Time Division Multiplexing” may not be able to support usage scenario 4.
Proposal 3: RAN2 should work with other groups to determine the severity of interference to GNSS from LTE UL transmission. Meanwhile discussion of solutions for “Time Division Multiplexing” can continue. 
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