
3GPP TSG-RAN WG2 #97bis
R2-1703475
3rd – 7th April 2017
Spokane, US
Source:
Huawei
Title:
Report of email discussion [97#59][LTE/TEI14] UE requested configuration changes
Document for:
Discussion
Agenda item:
8.25
1 Introduction

During RAN2#97, RAN2 has discussed the use cases in which the UE need to request to the eNB to reconfigure parameters, and the potential solutions both for LTE and NR. [1]

 REF _Ref475202484 \r \h 
[2]

 REF _Ref475202486 \r \h 
[3]

 REF _Ref475202488 \r \h 
[4]

 REF _Ref475202490 \r \h 
[5]. 
For LTE, RAN2#97 requests a email discussion on the use cases and the potential solutions for this issue:

· [97#59][LTE/TEI14] UE requested configuration changes (Huawei)


To discuss potential solutions for the case that the UE is not able to comply with the  configuration from the RAN for example due to overheating and possibly other cases. Potential solutions might include UE capability change, detach/attach, fake CQI, PPI, etc. Discussion should consider use cases and can leverage the NR discussion for this purpose.

Intended outcome: Email discussion report


Deadline: Thursday 16/03/2017

This email discussion aims to discuss the use cases and the potential solutions so that decision can be made at RAN2#97bis meeting.
2 Use cases for UE requested configuration change
Companies are invited to describe the use cases in which UE need to request configuration change,including the scenarios when the problems can happen and the consequences if the problems are not fixed.
Table 1.  Use cases
	Company
	Use case description
	Scenario description
	Consequence of the problem
	Comments

	vivo
	Reduce UE power consumpution and solve UE overheating problem
	When the battery is very low and cannot be connected to power charger, UE can initiate its radio capability degradation for longer service. When UE is in charging, UE can initiate UE radio capability update to recovery air interface performance.

For overheating case, UE can initiate radio capability update to degrade the MIMO rank carrier numbers etc. to cool down the Modem and RF temperature to avoid UE rebooting.
	For reducing UE power consumption, if the smart phone power consumption is too fast and users have to charge the smart phone frequently, and thus battery life becomes one of the pain points of smart phone user experience. Especially, when the battery is very low and cannot be connected to power charger, the UE will be shut down and can not provide service for users.

For UE overheating problem, the overheating may leat to t UE reboot.
	UE initiating the radio capability update provides the smart phone venders much flexibility to improve the user experience in many cases.

	MediaTek
	1) UE overheating
2) Resource sharing
	1) Same as VIVO
2) When computing or RF resource is shared, UE can initiate UE radio capability to avoid detach/attach.
	1) Same as VIVO
2) Frequency detach/attach and potential data loss
	

	Huawei 
	UE overheating
	Condition 1:The UE is configured with high number of Carrier Aggregation and the UE has the high rank MIMO capability in the activated component carriers ,for example the the UE is configured by 3CCs and in each CC the UE has the capability of 4x4MIMO.

Condition 2: this UE is working in a scenario where is the temperature is 35℃ or above and the air flowing condition is bad, for example in a bag or covered by other things.
Root cause: when the UE is configured by more aggregated carrier and higher RANK MIMO, especially for inter band case and intra band non-continuous case, more circuits would have to be turn on, which will case more power consumptions from the RFIC and Baseband. 


	The temperature of the UE will continusely increase to more than 60℃, which is dangeoure the device and will hurt customers.
	

	Nokia, Alcatel Lucent Shanghai Bell
	Exceptional generation of  UE’s heat 
	It is unavoidable and known that devices can heats up. There are already standardized (DRX, PPI, CQI) and implementation specific solutions (power efficient mode, displaying the message, disabling some functions) to prevent from overhating. Therefore, we believe the following known scenarios shouldn’t lead to a new solution:

· device’s user consciously contribute to the UE overheating (running demanding apps such as HD video, streaming, exposure to overloading hardware, use of several applications at one for a long time, etc) and

· device’s design and implementation do not meet actual requirements to handle declared capabilities (or their combinations)

RAN2 should address reperoducible use case of building-up the heat by the contributing factors that could be potentially solvable by standardized soluti such as: 

· extreme BWs (high rank of frequency carriers)

· higher order MIMO, 

· non-linear receiver and complicated feedback computations

· rather high environmental temperature (e.g.>50 degrees) and bad airflow
	Harware multifunction, Demage of battery/ device and 

	

	Deutsche Telekom
	Exceptional and temporary generation of  UE’s heat
	As already indicated by Nokia this is a well known problem and most aspects are handled by proper terminal design implementation. RAN2 should first indentify in detail the radio configuration and envromental conditions under which the UE might  temporarily request a configuration change. Upon doing this, RAN2 should decide whether or not a NW solution is needed and evaluate its signalling impact. 
	Degradation of performance
	Solutions allowing UEs to not fulfil the declared capabilities and/or categories should be categorically avoided. The nature of such configuration change, if any, is to be considered exceptional.

	Qualcomm
	QC1: Resource Sharing e.g. LAA/WLAN
	When 5GHz WLAN starts using the shared RF chain, UE cannot transmit or receive on LAA Scell.
	Performance degradation of LAA.
	The UE shall be able to initiate an LTE capabilities update.

	OPPO
	1. Power Comsumption

2. Resource Sharing

3. UE Overheating because of configuring too many high rank capabilities, e.g. high number of Carrier Aggregation together with high rank MIMO
	As already indicated by previous companies, some problems may be caused by over-consuming the UE capabilities without considering the real stutation of UE, and thus, lead to terrible experience for users.
	Fast power consumption and frequent detach and attaché
	

	Intel
	1) overheating 

2) hardware sharing
	
	
	These use cases are already captured in the NR TR for UE capability change 

	LG
	1) Overheating due to long term using of high performance
2) Low battery
	1) With the introduction of high performance such as 3CA and 4x4 MIMO, the overheating problem came to the fore. 

However, in practical use cases, we think that the overheating problem would mainly occur due to long-term use of display or application processor (e.g. for several tens of minuties). We think that use of modem, i.e. communication processor would seldom occur the overheating problem. However, there seems a few cases that use of the modem occur the overheating problem, such as downloading relatively big size of data with high capability.

Although the overheating problem is not a common case, because there is a probability of occurrence, we think a solution is necessary. 

2) When the battery is very low, if it is allowed to use longer by reducing power consumption, we think it can improve the user’s experience.
	1) The overheating problem lead to detach/re-attach procedure or power off, it incurres service interruption and adversely effects on user exprience.

2) The UE may be shut down and it can not provide service for users.
	

	ITRI
	(1) UE Overheating

(2) Hardware Sharing
	(1) When a UE is configured with large number of component carriers and higher order MIMO, overheating problem may occur.

(2) When WLAN uses the same RF chain, hardware sharing problem would occur. 
	Frequent detach and attach, performance degradation, and device damage
	

	DOCOMO
	UE overheating use case should not be “officially” allowed by the standard to be the use case that justify the UE to request capability/reconfiguration change.
Depending on UE implementation  and also the user usage of the phone, UE overheating is observed from time to time.

As commented by some vendors above, the UE overheating case (due to malfunction or setting of high performance configuration e.g.,  3CA and 4x4 MIMO,) should be a rare case and not that common, and therefore we are still in doubt whether standard solution is needed for this case.
	
	
	

	Vodafone
	UE Overheating
	I think that the main problem we should focus is overheating and we should not focus on the parameters which should be re-configured based on the indication that the device is overheated. This should be up to the NW strategy.
	Same as above (detach, dengiourous heating up of the device to the customer)
	

	Samsung
	UE overheating.

On the other hand, we tend to agree with DOCOMO’s view.
At least, this problem is a exceptional and infrequent case.
	
	
	


Observation 1: UE’s overheating problem (11 companies), UE’s hardware sharing issue (5 companies), and UE’s lower battery condidtion (3 companies) are mentioned as the use cases in which UE needs to request configuration change.
Observation 2: For UE’s communication functionality, extreme BWs (high rank of frequency carriers), higher order MIMO, non-linear receiver and complicated feedback computations, rather high environmental temperature (e.g.>50 degrees) and bad airflow, long term using of high performance are observed as the the root causations of UE’s overheating problem.

Observation 3: suggested by 2 companies, the causation from the non-communication part of the UE should not be discussed for UE’s overheating problem.
3 Parameters needed to be reconfigured for different use cases
Companies are invited to describe the parameters which should be reconfigured to fix the problems for each use cases, and the reasons to change the parameters.
Table 2. parameters for reconfiguratrions for each use case
	Company
	Use case description
	Parameters for reconfiguration
	Comments

	vivo
	Reduce UE power consumpution and solve UE overheating problem
	For reducing UE power consumption and solving UE overheating problem, we think at least the following parameters can be reconfigured:

a) Band/Band combination

b) RF

c) RX/TX capability, such as CA, DC, CoMP, NAICS and MIMO configurations.
d) UE category


	

	MediaTek
	1) UE overheating

2) Resource sharing
	1) UE category

2) UE category, CA/MIMO, CRS cancellation, NAICS capability, supported band or band combination
	

	Huawei
	UE overheating
	The number of activiated component carriers, and/or the MIMO capability of the activiated component carriers.
	If the eNB can deactive some component carriers for the UE, the UE can have the chance to shutdown the RF chains of the related component carriers, which will save the power consumtion and allievate the overheating problem.

If the eNB can assume the UE has a lower MIMO rank capability for some activated component carriers, the UE can have the chance to shutdown some RF chains of the related component carriers accordingly, which will save the power consumtion and allievate the overheating problem.

	Nokia, Alcatel Lucent Shanghai Bell
	Exceptional generation of  UE’s heat 
	· RF chains including extreme BWs (high rank of frequency carriers)

· higher order MIMO

· CA use
	

	Qualcomm
	General
	UE category, band combinations and band dependent paremeters, and potentially other features.
	

	OPPO
	1. Power Comsumption

2. Resource Sharing

3. UE Overheating because of configuring too many high rank capabilities, e.g. high number of Carrier Aggregation together with high rank MIMO
	· Number of activated component carriers in CA/DC and antennas in MIMO
· Other UE capabilities like NAICS capability
	

	Intel 
	Both overheating and hardware sharing
	CA band combination and MIMO capability, potentially other parameters
	

	LG
	1) Overheating due to long term using of high performance
2) Low battery
	- Band/Band combination
- CA/DC
- MIMO configuration
	We do not consider UE category. We assume that UE category is not changed while eNB underutilizes actual UE capability e.g. due to overheating problem.

	ITRI
	(1) UE Overheating

(2) Hardware Sharing
	Related parameters include UE category, number of activated component carriers and related MIMO capabilityes.

Other possible parameters could be considered if required.
	

	VF
	UE overheating
	In my view, there is no need to request by the UE any parameters. The best solution in my view is to transmit the temperature increase to the NW. This can be done by threshold or on regular basis and it is up to the NW how to re-configure such a device depending on implementation. Change of the capabilities during operation shall be forbidden as it leads to unpredictable UE and NW behavior and does not allow operator to plan NWs according to the internal KPIs.
	


Observation 4: CA/DC related parameter, MIMO capability related parameter are the top two parameters which are needed to be requested by the UE to be reconfigured by the network for UE overheating problem, UE hardware sharing issue and UE’s lower battery condition. Other parameters, including UE category, NAICS capability, CoMP configuration, and UE’s temperature are also proposed.
4 Solutions to reconfigure the parameters for different use cases
Companies are invited to contribute solutions to reconfigure the parameters for different use cases, the analysis of the prons and cons of the solutions we also welcomed to be inputted. 
Table 3. parameters reconfiguration solutions
	Company
	Use case(s)
	Detailed description of solution(s)
	Comments

	vivo
	Reduce UE power consumpution and solve UE overheating problem
	UE can initiate and dynamically updates UE radio capability without detach and reattach procedures.  In order to avoid signalling overhead and CN complexity, we think that the UE radio capability is limited in RAN level and UE radio capability update can not interrupt UE ongoing service. In details, if UE wants to update its UE radio capability, UE can trigger UE radio capability request and the request can contain the capability types which UE wants to update, and then gNB sends the confirm information to UE. The above procedure can be RRC messages. Then, according to the feedback from gNB, the UE reports the updated UE radio capability to gNB. Based on the updated UE radio capability, gNB can perform reconfiguration for UE.
	

	MediaTek
	UE overheating
	Step 1: Network configure UE for UE capability update
Step2: Overheating detected, UE report UE capability update with the fallback UE category
Step3:Network reconfigure UE OR schedule the UE based on the fallback UE category

Step4: Overheating problem resolved, UE report UE capability upte with normal UE category

Step5:Network reconfigure UE OR schedule the UE based on the normal UE category
	

	Huawei
	UE overheating
	Alt.1: 

UE side: The UE is allowed to temporarily change its radio capability and report its updated radio capability to eNB in case that overheating problem occurs. The capability that UE is allowed to temporarily change include: CA combination; Highest Rank of MIMO support and UE category. To report the updated capability, the current UECapabilityInforamtion can be reused. 

eNB side: It dependents on eNB decision whether the UE’s temporary radio capability update is granted. If yes, the eNB can reconfigure the UE’s radio parameters in compliance with its updated radio capabilities.
Alt.2: 

UE side: The UE sends a message to the eNB to report the overheating problem in case that the UE experiences an overheating problem. How to trigger this message transmission could be left up to the UE implementation. In the message, the UE provides some assistance information which could give guidance to the eNB on the CA/MIMO reconfiguration, such as the maximum number of configured or activated SCell that the UE could support, and the highest rank of MIMO transmission that the UE could support. When the UE no longer suffers from the overheating problem, the UE could also send such indication to the eNB.
eNB side: When notified of overheating problem through an indication from the UE, the NW response to this indication is left to the network implementation. The eNB can decide whether to de-configure the Scell, deactivate some Scells, or degrade the MIMO transmission rank for the UE. For Scell de-configuration and Scell deactivation, the current RRCConnectionReconfiguration message including Scell release and MAC CE for Scell activation/deactivation can be used respectively. However, for MIMO transmission rank degradation, a new IE which is used to indicate the highest rank of MIMO transmission the UE should support needs to be defined.
	In order to solve the UE’s overheating problem, we think in LTE a standaized solution should be explored instead of relying on the UE implementation or relying on detach/re-attach procedure. 

	Nokia, Alcatel Lucent Shanghai Bell
	Exceptional generation of  UE’s heat
	·  UE indicates to eNB that it is experiencing overheating due to certain procedures along with additional information

· The information is given by UE to help network to control UE for efficiently decreasing the heat

· the eNB indicates a countermeasure to the UE:

· Setting up a RRC reconfiguration

	

	Deutsche Telekom
	Exceptional overheating
	If needed, temporary change of capabilities and reconfiguration shall ultimately be controlled by the network and not by the UE. UE assistance info should point to the exact root causes.  
	Signalling impact should be taken into account (load, prohibit storm of requests or misuse, etc.)

	Qualomm
	General Capability Change
	Similar to what was agreed in NR: “The UE radio access capabilities are static and the change is just to temporarily (e.g. under network control) limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating.”
“The temporary capability restrict should be transparent to the NG core, i.e. only static capability is stored in the NG core.”
“The UE signals the temporary capability restriction request to the gNB.”
	Copy of RAN2 NR agreements from 2/2017 meeting.

	OPPO
	General Change
	We tend to agree with Qualcomm that the same principle for NR could be reused for LTE. And regarding the detailed procedure, we could further discuss.
	We also agree that specified solution is needed for solving the problems generally and try to avoid the potential issue in future.

	Intel
	Both overheating and hardware sharing
	UE reports temporary UE capability restriction. 
	We prefer to have a general mechanism to address various use case rather than focusing on overheating issue. 

	LG
	1) Overheating due to long term using of high performance
2) Low battery
	We think that UE capability is neither changed nor updated. But, eNB may underutilizes actual UE capability e.g. due to overheating problem or low battery, by reconfiguring the UE with limited (lower) performance compared to actual UE capability. This reconfiguration will temporarily restrict full capability utilization.

When the concern problem becomes resolved, eNB may remove temporary restriction of full capability utilization, i.e. come back to normal, by reconfiguring the UE with higher performance to fully utilize UE capability.

To help eNB to make decision how much capability will be used, the UE can provide the assistance information related to the problem. However, we wonder if UE preference for detailed configuration (e.g. restricted throughput or MIMO configuration such as 2x2) should be provided because how to configure is anyway up to eNB decision. 

The eNB can configure the UE based on the assistance information, and details procedure is following,

Step 1) The UE detects some problem such as a low battery or overheating
Step 2) The UE reports the assistance information (e.g. lower data rate) to the eNB

Step 3) The eNB reconfigures the UE based on the assistance information (e.g. to lower data rate).
Step 4) The problem is solved, the UE reports the assistance information to return configuration normally.

Step 5) The eNB reconfigures the UE based on the assistance information (e.g. to come back to normal data rate).
	We do not see the benefit of allowing UE capability update. Considering that the concerned problem could be resolved within a short time, UE capability update will just increase signaling overhead for such update procedure whenever the problem occurs or disappears.


	ITRI
	(1) UE Overheating
(2) Hardware Sharing
	We prefer to introduce a common solution for different use cases, e.g., UE reports temporary UE capability restriction to the gNB.
	

	Vodafone
	UE Overheating
	Just a new or existing message with temperature indication and it is up to the NW what to do with this device. We will not be able to solve the problem anyway to 100%, but all the experience so far is that we should gain a simple indication (one or 2 bits indication). Any capability change/modification, etc shall be avoided and it is up to the NW which part of features (number of CC, MIMO, etc) to configure/de-configure 
	

	Samsung
	UE overheating
	We would like to avoid an excessive enhancement in LTE.
In NR, RAN2 agreed to have the temporary capability restriction, but it is for general/multi purposes.

Since in LTE, we already have several indications from UE for various purposes, it looks so redundant to allow UE to dynamically change its capabilities just for one exceptional case.
	


Observation 5: To address the issues, a method of UE capability temporary changing/updating and a method of parameter re-configuration are discussed. 
Observation 6: The temporary capability change or parameter reconfiguration is suggested to follow the same principles that were agreed for NR, i.e. controlled by the network, limited time for the change to persist, transparency to the core network, indication signaled from the UE to the eNB.
Recommandation 1: A standardized solution downselcted from UE capability temporary changing and parameter re-configuration to address UE’s overheating problem, UE’s hardware sharing issue and UE’s low battery conditiaon is specified in LTE Rel.14, with the following principles:

· A indication signal for temporary capability change or parameter reconfiguration should be send from UE to the eNB
· The causation of the temporary change of capabilities or parameter reconfiguration should be reported by the UE to eNB

· The temporary change of capabilities or parameter reconfiguration shall ultimately be controlled by the network.

· The temporary capability change or parameter reconfiguration should be transparent to the LTE Core Network
· limited time for the change to persist
Recommandation 2: If UE’s capabilities method is agreed, at least the band/band combination and MIMO capability can be temporarily changed. If parameter reconfigruation method is agreed, UE provided assistant information which at least includes CA/DC configuration information and MIMO capability information.
5 Conclusion
In email discussion [97#59][LTE/TEI14] UE requested configuration changes, use cases for parameter re-configuration, parameters needed to be reconfigured and the solutions to reconfigure the parameters are discussed. 
According to companies feedbacks, comments and suggestions, we have the following observations:
Observation 1: UE’s overheating problem (11 companies), UE’s hardware sharing issue (5 companies), and UE’s lower battery condidtion (3 companies) are mentioned as the use cases in which UE needs to request configuration change.
Observation 2: For UE’s communication functionality, extreme BWs (high rank of frequency carriers), higher order MIMO, non-linear receiver and complicated feedback computations, rather high environmental temperature (e.g.>50 degrees) and bad airflow, long term using of high performance are observed as the the root causations of UE’s overheating problem.

Observation 3: suggested by 2 companies, the causation from the non-communication part of the UE should not be discussed for UE’s overheating problem.

Observation 4: CA/DC related parameter, MIMO capability related parameter are the top two parameters which are needed to be requested by the UE to be reconfigured by the network for UE overheating problem, UE hardware sharing issue and UE’s lower battery condition. Other parameters, including UE category, NAICS capability, CoMP configuration, and UE’s temperature are also proposed.
Observation 5: To address the issues, a method of UE capability temporary changing/updating and a method of parameter re-configuration are discussed. 
Observation 6: The temporary capability change or parameter reconfiguration is suggested to follow the same principles that were agreed for NR, i.e. controlled by the network, limited time for the change to persist, transparency to the core network, indication signaled from the UE to the eNB.
Based on the observations, we have the following recommandations:

Recommandation 1: A standardized solution downselcted from UE capability temporary changing and parameter re-configuration to address UE’s overheating problem, UE’s hardware sharing issue and UE’s low battery conditiaon is specified in LTE Rel.14, with the following principles:

· A indication signal for temporary capability change or parameter reconfiguration should be send from UE to the eNB

· The causation of the temporary change of capabilities or parameter reconfiguration should be reported by the UE to eNB

· The temporary change of capabilities or parameter reconfiguration shall ultimately be controlled by the network.

· The temporary capability change or parameter reconfiguration should be transparent to the LTE Core Network
· limited time for the change to persist
Recommandation 2: If UE’s capabilities method is agreed, at least the band/band combination and MIMO capability can be temporarily changed. If parameter reconfigruation method is agreed, UE provided assistant information which at least includes CA/DC configuration information and MIMO capability information.
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