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1. Introduction

At RAN2#101bis, RAN2 discussed 2 interference detection mechanism for UAV. They are:

· Option 1: Number of cell triggers the configured measurement event

· Option 2: Sum of RSRP (cell 

> threshold)

It has agreed to support option 1: number of cell and FFS on sum of RSRP: 


Introduce the number of triggered cells for interference detection for UAV UE. FFS the sum of RSRP.

This email discussion is to further discuss if sum of RSRP should be supported for UAV in addition to number of triggered cells. 

[101b#58][LTE/UAV] report of the sum of RSRP (Intel)

-
Identify the necessity of reporting the sum of RSRP

-
Figure out the detailed solution


Intended outcome: Report to next meeting


Deadline: Thursday 2018-05-10
2. Discussion

During the online discussion, some companies suggest that the two options can achieve the same goal by configuration. This email discuss is intended to have technical discuss and gather companies view on the difference of 2 options and the support of sum of RSRP. Figure 1 shows a top view of 4 cells with 2 Aerial UEs. Aerial UE1 is located close to 4 cells while Aerial UE2 is located close to cell 3 and cell 4 only. The following setting should demonstrate an equivalent configuration for the two options above:

· Option 1: number of cell set to 4 and threshold for each cell is set to -70dBm

· Option 2: threshold for each cell is set to -70dBm and total interference threshold is set to 4x-70dBm, sum of linear power = -63.9dBm

Aerial UE 1: UE 1 detects cell 1-4 above -70dBm in Figure 1, the UE will send measurement report to the network. Then the network can adjust the UE power to reduce the interference to the ground UE.

Aerial UE 2: UE 2 detects only cell 3 and 4 above -70dBm and total interference is above -63.9dBm. In this case, option 1 will not trigger measurement report and option 2 will trigger measurement report.
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Figure 1: top view of 4 cells with 2 Aerial UE

Q1: Do you think the Aerial UE 2 should inform the network (send measurement report) to lower the power to reduce interference? 

	Company
	Yes/No
	Comment

	Intel
	Yes
	The UE should inform the network interference is detected so the network can reduce the UE UL power and optionally handover the UE to another cell if a better cell is available. 

	LG
	Yes
	If the UE2does not send measurement report, network could not know that the UE2 affectsto the cell3 and cell4. Then, the network would not perform interference coordination for UE2 and the high UL interference from UE2 would not be lower. 

	Lenovo
	Yes
	This is the case that, when there has the need to report measurement report for interference from cell 3 and cell 4, however option 1 cannot trigger the report. Thus eNB lost the opportunity to take interference control from/to cell 3 and cell 4. Whatever value the cell number threshold is set, such kind of case is always exist, which results in non-full interference control for the whole network. 

This is caused by the different design principle of option 1 and option 2:

1) Option 1 focus on how many cells exceed the interference. If the cell number is small, then eNB will take no action. Such principle determines that option 1 cannot take fully interference control for aerial scenario.

2) Option 2 focus on interference itself, when the interference exceed the threshold, eNB will take action for interference control, otherwise, there has no need to do interference control.

In this sense, from the design principle, option 2 is more suitable for interference detection and corresponding measurement report. 

During the online discussion in RAN2#101b meeting, some companies commented that measurement based on RSRQ or CSI-RS could also achieve the same effect as option 2. Actually this is not so true based on following two observations:

1) In LTE, CSI-RS based event e.g. C1 and C2, can only measure RSRP of CSI-RS. Thus cannot measure interference and trigger the event

2) Using RSRQ for specific event, cannot differentiate whether the low RSRQ is caused by the interference or by the weak serving signal. 

Thus we could see that currently in LTE, there has no trigger event is based on solely interference. Option 2 is such kind of trigger condition, and meanwhile, option 2 can reduce the measurement trigger number by filtering un-necessary measurement report for interference control.

	Kyocera
	Yes
	We agree Aerial UE2 should inform the network with the measurement report to reduce interference. 

	vivo
	Yes
	The UE2 should send the measurement report to the network. In this way, the network can have the information whether UE2 affect the cell 3 and cell 4. Otherwise, some cases with less number of interfered cells will not be identified by the network. 

In our understanding, it is better to consider the actual interference in the interference control mechanism. 

	MediaTek
	Yes
	This highly depends on deployment, therefore, it is preferred that report is triggered either on # of interfered cell or total interference.

	OPPO
	Yes
	We also consider it would be preferred that the report is triggered either by interfered cell or total interference.

	Ericsson
	
	In the study item, it has been widely studied and shown by multiple companies that aerial UEs can see a larger number of cells and thus it feels very natural to introduce an interference detection measurement reporting based on the number of cells. One can refer to the text in Section 6.1 of TR36.777:

In the DL, the percentage of aerial UEs experiencing cell-edge like radio conditions (i.e., poor DL SINR) is much higher as compared to terrestrial UEs. This is because aerial UEs, due to their high line-of-sight propagation probability, receive DL interference from a larger number of cells than a typical terrestrial UE does. In the DL, there is higher probability that the number of neighbouring cells causing high level of DL interference at the aerial UEs is higher than in the case of terrestrial UEs.

It is shown in 36.777 that the number of detected cells is at least three for air-borne UEs. 

Table H.7.2-1: Number of detected neighbor cells

Percentile

UE height

In Car

50m

150m

90%

4

8

8

50%

3

5

6

5%

1

3

3

Thus, the example of two cells does not seem to be representative for aerial UEs.

[Intel]: The two cells above is an example to illustrate the problem for companies to further understand. In this table, same scenario may occur when N is configured to 8 for 50m when interference detected to be high for less than 8 cells.
This example relies on that the sum of Cell 3 and Cell 4 is larger than -63.9dBm. It is not clear how this is true if the UE moves from position 1 to position 2. Option 2 does not trigger either in the case when sum is lower than -63.9dBm. As the purpose is to detect interference for aerial UE when flying or during takeoff, this example does not seem relevant. From the extensive study provided in the TR, as low as three cells would trigger the report for aerial UE when flying or during takeoff. Note that for terrestrial UEs, or for equivalently for aerial UEs on the ground, LTE has existing methods for interference detection and mitigation e.g. existing RSRP/RSRQ/SINR reporting, UL power control etc. 

[Intel]: as explain above, the goal is to trigger measurement report when sum of the interference is detected. Therefore, we are not sure why Ericsson thinks this is not relevant. 
When there is a very strong neighboring cell with for example -62dBm, then the summation of RSRP triggers an unnecessary report.

	TCL
	Yes
	The UE2 should report to the network.

	InterDigital
	No
	In our view, the sum of DL RSRPs is not a good indicator of the uplink interference situation since it is based on idealized assumptions that are not likely to be met in practice (equal eNB Tx powers, identical antenna patterns for UL and DL).
[Intel]: First, sum of DL RSRP is directly detect the downlink interference to the UE. So we can agree it is the real scenario where it is impacting the Aerial UE. As for UL, it depends on if the channel is symmetric where it has been discussed in the SI phase. However, if it is not symmetric, then even number of cell triggering will not help. 
Even with these assumptions, from the perspective of UL interference it seems most critical to detect problematic interference to the worst-affected UL cell. A sum of received powers to different cells being above a threshold is not necessarily a problem in itself.

In our understanding, the main motivation to adopt “number of cells” as a trigger condition (at RAN2#102bis) is that it can be used as an indication that the UE is airborne, which may be useful for adjusting the configuration of the UE. The “sum of RSRP” does not provide this indication since this sum can be dominated by a single cell.
[Intel]: The intention of the sum of RSRP triggering is to directly trigger measurement report to the network when high interference to the Aerial UE is detected. This is not intended to use for flying status. 

	Qualcomm
	No
	Agree with Ericsson and InterDigital’s explanations. It has been shown that generally the Aerial UEs will see more number of cells than terrestrial, so this example seems like an idealized scenario which is not relevant to Aerials. Additionally, as InterDigital already noted, a sum of received powers from different cells being above a threshold is not necessarily a problem in itself. The intention is to identify that the UE is receiving higher power levels from larger number of cells.
[Intel]: please see explanation above. 

	KT
	Yes
	We agree that report is triggered either by interfered cell or total interference.

	ZTE
	Yes
	Aerial UE 2 should inform the network to lower the power to reduce interference

	CMCC
	Yes
	The report triggered by interfered cell or total interference is necessary. We should not just rely on number of cells since deployment may differ, e.g. rural regions has fewer cells that may not trigger the report at all.

	KDDI
	No
	Same view as Ericsson, InterDigital and Qualcomm.

	Nokia
	No
	The same understanding as Ericsson, InterDigital, QC, KDDI. The threshold can be configured to a different level, if more cells shall be taken into account in the example above or the number of cells triggering can be decreased. Sum of RSRP does not give any insight to the number of relatively strong cells in the neighborhood, while that was the main principle of this scheme (to detect that the UE is actually airborne and can suffer from the interference coming from multiple cells).

	DCM 
	No
	Same view as Ericsson, InterDigital, QC, KDDI and Nokia. 

	Huawei
	Yes
	It is preferred that report is triggered either on # of interfered cell or total interference, which depends on deployment.


Summary of Q1: 12 companies agree that the UE should inform the network by sending measurement report when sum of interference exceed the threshold regardless of number of cell in the example in Figure 1. 6 companies disagree there is a need. 

During the online discussion, some companies also suggest that the network can configure option 1 with small number of N to achieve the same triggering as in option 2. 
Q2: Do you think by configuring a small number N in option 1 can achieve the same triggering as in option 2? 

	Company
	Yes/No
	Comment

	Intel 
	No
	By configuring a small number of N, there can always be a case where sum of RSRP triggers and number of cell doesn’t trigger unless N is configured to 1. In this case, we can use legacy event triggering. In addition, when N is configured to be smaller, the more signaling overhead of measurement reporting will be sent to the network which is opposite of the scope of the WI.

	LG
	No
	

	Lenovo
	No
	As commented in Q1, the design principle of option 1 is doomed to use a suitable threshold for cell number finally, so that the negative impact that analyzed in Q1 can be minimized. 

1) If we set small cell number threshold, then the measurement report triggering is not reduced for aerial scenario, which will results in much more measurement report from aerial UE compared with terrestrial UE. 

2) If we set large cell number threshold, then there will lose more opportunity for eNB to take interference control, which will results in higher interference both from/to aerial UE.

Thus how to set the suitable cell number threshold is the most difficult part of option 1. Of course such difficult problem do not need to be specified and do not need specification work. However, this difficult problem anyway needs to be solved, and actually this problem is left for operator network optimization phase, which burdens operator network optimization work. Besides, consider the complex deployment scenarios and deployment scenario is continued update because of e.g. base station site update or city construction, for operators, such work is more burdens than imagination. Before the suitable threshold is found, the network needs to experience unstable state for interference control. Considering that the aerial UE number is not so much as terrestrial UE, such convergence phase could be very long.

On the other hand, threshold for interference settings is not so difficult since it is not impact by deployment scenario or update of deployment scenario. The threshold for interference is always known by eNB, which is to determine when the interference control take effect, even there has no trigger condition as in option 2. And such threshold can be same for all kinds of scenarios.

	Kyocera
	No
	Configuring N to 2 in Option 1 may also trigger similar measurement reports as in Option 2.But if the threshold is increased to limit the number of measurement reports, Aerial UE2 still won’t send the measurement report to the network.  We agree with Lenovo, that with Option 1 it’s a challenging problem to configure the proper number of cells along with the threshold. 

This is not to say there are no challenges with configuring the threshold for Option 2.  The triggering mechanism with Option 2 is based on the DL interference level regardless of the number of cells used to form the sum, but it’s not used to trigger the UL interference experiencedat a particular neighbour cell, which in some cases is more important.

	vivo
	No
	There may be some special cases that option 1 can be similar as option 2 with proper configuration of N. But it is very clear that option 2 and option 1 have different purposes to control the interference. 

	MediaTek
	Not always
	Instead of picking one option, we prefer full flexibility on interference report.

	OPPO
	No
	We think different option has different intention, we are not sure whether option 2 can be achieved with configuring small number of N in option 1.

	Ericsson
	Yes
	Extensive RSRP studies done in SI phase suggest configuring N=3 which is a relative low number. Configuring a number N=2 is still better than the legacy method with N=1. Both N=2, N=3 would trigger the report when aerial UE is flying or during takeoff as shown in TR.

	TCL
	No
	

	InterDigital
	Yes
	One could configure N=2 with a higher threshold than -70 dBm and N=1 (i.e. legacy) with an even higher threshold. However, anyway we do not believe that the triggering is actually needed in this case.
[Intel] Triggering of high interference detected may help with the Aerial UE and similarly for UL power adjustment if needed.

	Qualcomm
	Maybe
	Maybe. But that is not the point. The objective of N cells triggering the event is not necessarily to detect only the total received power at UE, but to identify that higher power is received from larger number of cells.

	KT
	No
	

	ZTE
	No
	Even in case N equals 2, it is still possible to have one cell with RSRP lower than the threshold and another cell with extremely high RSRP.

	CMCC
	No
	The case of one strong neighbor cell should not be excluded.

	KDDI
	Yes
	Same view as InterDigital.

	Nokia
	Yes
	As commented many times, there is no need to configure extremely large N, as in many environments the number of strong neighbouring cells will be quite stable and – as pointed out by Ericsson – even increasing from N=1 to N=2 already brings certain benefits. 
[Intel]: If N is configured to small value, the trade of is more signaling overhead. Agree this will help.

	DCM
	Yes
	Same view as KDDI, and Nokia. The setting of N is dependent on the deployment environment. It is also up to network implementation. 

	Huawei
	Not always
	As we explained before, this depends on deployment.


Summary of Q2: 10 companies think that configuring small number of N cannot achieve the same triggering as in sum of RSRP. 3 companies think that it is not always be able to. 5 companies think that it can be configured. 

Q3: When a smaller number of N in option 1 is configured, what is the trade off?

	Company
	Comment

	Intel 
	More signaling overhead of measurement reporting will be sent to the network which is opposite of the scope of the WI.

	LG
	Signaling overhead.

	Lenovo
	Same comments as in Q2

	Kyocera
	Signalling overhead

	vivo
	Signaling overhead.

	MediaTek
	UE power consumption for excessivereport.

	OPPO
	Signaling overhead

	Ericsson
	We wonder which one of the previous replies indicate signaling overhead. Currently, in running 36.331 CR, the triggering based on number of cells is triggered once regardless of value for N.

	TCL
	Signal overhead

	InterDigital
	It depends how the threshold is set for each value of N. The threshold should be set to higher value for higher value of N, thus it is not clear which configuration of (N, threshold) would minimize the number of reports.

	Qualcomm
	Same comment as InterDigital: Depends on how the thresholds are set. Naturally, the threshold should be higher for larger N, and lower for smaller N.

	KT
	Signaling overhead

	ZTE
	Signaling overhead

	CMCC
	Signaling overhead

	KDDI
	Same view as InterDigital.

	Nokia
	N should be configured jointly with the threshold of RSRP, above which cells are taken into consideration (as pointed out by QC and InterDigital). Then, even relatively small values of N will ensure only genuine interferers trigger and are reported

	DCM
	Same view as Qualcomm and Nokia. It depends on how the threshold is set for different deployment environment.


Summary of Q3: 11 companies think that configuring smaller number of N attempt to have similar effect to sum of RSRP will cause signaling overhead and power consumption. 6 companies state that larger N should have higher threshold and smaller N should have smaller threshold and hence doesn’t think signaling will be triggered. 

Q4: Do you think introducing sum of RSRP will allow network to have more flexibility to detect interference?

	Company
	Yes/No
	Comment

	Intel
	Yes
	In case of real deployment, if number of cell doesn’t work as expected, the network can configure sum of RSRP. It is certainly more flexible for the network.  

	LG
	Yes
	It can be complementary to sending the measurement report when the condition of “Number of triggering cell” or “Sum of RSRP” is fulfilled.

	Lenovo
	Yes
	Introducing sum of RSRP is not only to have more flexibility to detect interference, but also to reduce the burden operator’s network optimization work when the aerial UE is used in reality. To us, sum of RSRP is more suitable for interference control

	Kyocera
	Yes
	We believe there are sufficient benefits to include the sum of RSRP as one of the options. 

	Vivo
	Yes
	As indicated in the above example in Fig. 1. 

It is very clear the sum of RSRP have the flexibility for network to control the interference if the number of cell can’t trigger measurement report. 

	MediaTek
	Yes
	Since there is no clear evidence that which option is better, we prefer to keep fullflexibility on interference report configuration and rely on smart network implementation.

	OPPO
	Yes
	We think this could be one way to allow network have more information about the interference.

	Ericsson
	
	We can have the flexibility only if this is under one capability indication and the network could configure correspondingly. We think the question should be reformulated. 

Further, for the number of cells, network has an option to configure several reporting configurations with different N. As each would trigger only once, there would not be any excessive reporting either.

	TCL
	Yes
	

	InterDigital
	No
	The existing/agreed mechanisms already provide all the flexibility needed to achieve the goal of detecting interference.

	Qualcomm
	No
	Option 2 seems to provide additional flexibility without actual additional gains but with additional specification work. Generally, we should not over-specify “flexibility” just for the sake of it.

	KT
	Yes
	We think network have more flexibility with more information about the interference.

	ZTE
	Yes
	

	CMCC
	Yes
	See reply in Q1 and Q2.

	KDDI
	No
	Same view as Qualcomm. We should not work on the solution which provides no actual gain.

	Nokia
	No
	It does not bring any gains (compared with the already agreed “N cells triggering”), but comes at the expense of complicating the specification and implementation (e.g. new event is needed). 

	DCM
	No
	The two methods will bring similar effects.

	Huawei
	Yes 
	Please see reply above


Summary of Q4: 12 companies thinks introducing sum of RSRP will allow the network to have more flexibility to detect interference. One company thinks it is flexible only if one capability indication for both number of cell and sum of RSRP. 5 companies don’t think introducing sum of RSRP will give network more flexibility.
Q5: Do you support to introduce sum of RSRP for Aerial UE in Rel15? 

	Company
	Yes/No
	Comment

	Intel
	Yes
	We think that this is direct impact UE (both ground UE and Aerial UE) performance. Sum of RSRP should be introduced for Aerial UE in Rel15. 

	LG
	Yes
	We think both of “Number of triggering cell” and “Sum of RSRP” need to be introduced for Aerial UE in Rel15.

	Lenovo
	Yes
	Based on above analysis, we support to introduce sum of RSRP for aerial UE in R15.
And such kind of sum of RSRP is not necessarily a new measurement trigger event, but also can be the “additional trigger condition” that can be added to existing measurement event. 

	Kyocera
	Yes
	Since this is one of the main objectives of the WI for this release.

	vivo
	Yes
	We agree both number of cells and sum of RSRP are needed for Aerial UE in Rel-15 as discussed above. 

	MediaTek
	Yes
	Before convincing that one option is sufficient, we prefer to keep full flexibility.

	OPPO
	Yes
	We are OK to include this in R15 aerial WI.

	Ericsson
	No
	See comments to Question 1

	TCL
	Yes
	

	InterDigital
	No
	We do not see any benefit to this functionality and the additional complexity is not warranted.

	Qualcomm
	No
	We do not want to introduce further complexity without seeing any real need and benefit. Generally, we should not over-specify “flexibility” just for the sake of it. We also think that although “Figure out the detailed solution” was part of the scope, companies have not provided any such details and there would be a need of a much-detailed discussion to finalize if this additional solution were to be introduced. Instead, we should aim to close on other open items during the upcoming meeting, which is the last meeting for the WI.

	KT
	Yes
	We agree to introduce both number of cells and sum of RSRP.

	ZTE
	Yes
	We think “the sum of RSRP” should be supported in Rel15

	CMCC
	Yes
	Sum RSRP can work with “number of cells” option in Rel-15 to provide more flexibility and cover as many cases as possible.

	KDDI
	No
	Same view as InterDigital and Qualcomm. We should not work on the solution which provides no actual gain.

	Nokia
	No
	Let’s stop this worrying trend in 3GPP that certain solutions are adopted, only because this is a compromise/flexibility/optionality and some companies support them (without sufficient technical reasons). Flexibility should not be a goal in itself. Every feature needs to have a technical justification and every feature brings complexity and creates testing and implementation effort. If something does not bring the improvement, compared to what is already in the standard/agreed, and comes at the price, then should not be agreed, only because “it is a compromise”. Full flexibility is not (always) a blessing, contrary to what some may think. Please consider, e.g. fully flexible NR RAN1 specs…
[Intel]: This email discussion is to further understand the solution and have some technical discussion. We think it is important to share different views from companies.

	DCM
	No
	Same view as Qualcomm.

	Huawei 
	Yes
	We prefer to introduce “the sum of RSRP” in Rel15


Summary of Q5: 12 companies support to introduce sum of RSRP for Aerial UE in Rel15. 6 companies do not think sum of RSRP should be introduced.

After technical discussion and further understanding of RSRP. It seems like majority of the companies think that there is scenario where sum of RSRP can detect interference for Aerial UE while number of cell cannot. 12 vs 6 companies support to introduce sum of RSRP in Rel15. This is a majority vote and therefore, we propose to introduce sum of RSRP for Aerial in Rel15.

Proposal: Introduce sum of RSRP for Aerial UE in Rel15. 
3. Conclusion and proposals

Proposal: Introduce sum of RSRP for Aerial UE in Rel15. 

For clarification: What does this mean?


�This is individual cell exceed a threshold 
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