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1. Introduction
During the RAN2#81bis meeting the issue of WLAN scanning and power optimizations was left for email discussion as per:
[81bis#11][Joint/WiFi] WLAN scanning and power consumption (Intel)

-
Discuss WLAN scanning and power consumption. 

-
Prepare TP for TR that lists e.g. the solution directions listed in papers that were submitted to RAN2-81bis (e.g. Rely on ANDSF to provide information about available WLAN APs; RAN broadcasts information about available and/or non-overloaded WLAN APs; RAN informs UE by dedicated signalling whether to scan; …)

=>
Intended outcome: Email discussion summary and a TP for TR 37.834 to be agreed at RAN2-82
This paper provides the summary of this email discussion.
2. Discussion
Issue 1 – Relation to ANDSF

ANDSF can provide WLAN access network discovery information at cell resolution or precise coordinates, i.e. geo location. RAN solution may provide ANDSF optimizations for WLAN access network discovery or serve as an alternative solution.
Views?
	Company
	Comments

	Samsung
	It may be difficult to rely only on the ANDSF for the WLAN access network discovery information, and therefore some other RAN solution should be considered.

If ANDSF server provides all operator's APs' information (e.g. geolocation, operating WLAN channel information) at cell resolution to the UE in one shot, the file size of ANDSF policy/rules would be huge.
Even though ANDSF can operate based on the UE's location (e.g. cell id, tracking area, geolocation), this requires too many transactions between ANDSF servers and UEs: whenever UE moves to other cell/tracking area, it requires to update the information, and this approach would be burden both to the ANDSF server and UEs.

Further, it may be difficult for the ANDSF server to have/collect/update the latest detailed information of the APs (e.g. geolocation, operating WLAN channel information).

	LGE
	We think RAN2 solution should work even without ANDSF. So, RAN2 solution should be able to provide separate access network discovery information if ANDSF is not supported by UE.

	MediaTek
	It has been agreed that the RAN solution should also work without ANDSF. So it should be fine for RAN solution to deliver some information duplicated with ANDSF access network discovery information.

	CATT
	RAN solution should provide the WLAN discovery information if ANDSF is not deployed. In addition, the discovery information provided by RAN would be more efficient than that provided by ANDSF. 

	Intel
	We think that RAN solution may be more efficient than ANDSF. RAN2 should study access network discovery solution and analyze it in terms of pain vs. gain, i.e. standardization impact vs. performance improvements.

	Nokia Corporation, Nokia Siemens Networks
	It should be noted that ANDSF may or may not be available in the UE and the RAN level solution should work in predictable manner for both cases. In addition we think that we should avoid duplicating ANDSF mechanism at RAN level as much as possible. If overlapping functionalities is unavoidable, the amount of overlap should be minimized.

	Qualcomm
	In general it does not make sense to duplicate  the ANDSF solution in the RAN by providing AP information for all operator APs in the vicinity. The exception being of course for a small cell with a collocated AP which can broadcast discovery information about the collocated AP in an efficient manner.

For larger cells, a listing of APs will either require the UE to connect more frequently (too keep the list size manageable) or large lists (which will suffer from the same disadvantages of the ANDSF solution as mentioned by Samsung above).

Therefore it seems that any solution besides the collocated case should be an alternative solution and not require a list of APs. 

	New Postcom
	We also think that RAN should provide sufficient information for the case that ANDSF is not available, it may be inevitable to overlap ANDSF.

	Ericsson, ST-Ericsson
	As we cannot rely on that ANDSF is deployed, to introduce a RAN solution providing optimizations for ANDSF should not be the focus. Instead we think that a solution which can work without ANDSF should be developed.

	ZTE
	Since ANDSF may not be deployed, we think it should be possible for RAN to provide WLAN access network discovery information.

	Sprint
	As has been mentioned, relying soley on ANDSF for discovery should not be the only provider of network discovery information.  Whatever solution for RAN that is developed, it should be capable of operating both with and without ANDSF. 

	CMCC
	RAN solutions for optimising WLAN scanning and power consumption should be independent of ANDSF.

	ITRI
	RAN solution could provide more precise discovery information for UE than ANDSF. However, the standardization impact needs to be investigated.

	Hitachi
	We also think RAN solution should work with and without ANDSF.

	Alcatel-Lucent
	We agree with QC and NNSN that we should avoid duplicating the ANDSF mechanism in the RAN. The additional assistance information that is not currently available in ANDSF, (e.g. channel etc.) and is required to be provided to aid in UE power saving should further be discussed.

	RIM
	Effort should be made not to duplicate ANDSF information in the RAN solution.    For the case where ANDSF is not available, a user policy or non-standard preloaded operator policy can be assumed to be present in the UE.

	Renesas Mobile Europe Ltd
	ANDSF can provide UE with information assisting on access network discovery (ANDI) in a given location of the UE (which may be on the granularity of PLMN, TAC, Cell ID, geo-location, for instance).

For an operator who has implemented ANDSF and its ANDI functionality, it is not preferrable to build the RAN solution as an alternative to it. In that case, RAN solution should rather improve the utilization of ANDSF. For an operator who has not  implemented ANDSF, RAN solution could provide access network discovery information to UEs. Furthermore, this depends also on whether a given UE supports ANDSF information provisioning or not.

	Broadcom
	Broadcom believes that both ANDSF framework and RAN provided dynamic information  (load, discovery, signal quality etc.) should be supported.  To avoid duplication of effort, this may include Hybrid-Solutions that combine the information content and efficiency’s that both solutions may offer in deployment dependent scenarios.

	Kyocera
	We think even if ANDSF is available, it would be important to have RAN solution available either as ANDSF optimization or as an alternative solution to play a significant role in the reduction of UE power consumption.

	Huawei, HiSilicon
	As we cannot rely on ANDSF to be deployed, RAN should have the possibility to provide complete access network discovery information for where the UE is.


Issue 2 – Solutions for UEs in IDLE and CONNECTED mode
The network may provide WLAN access network discovery assistance information to Ues in IDLE and/or CONNECTED modes.
What are the benefits of each option? 
	Company
	Comments

	Samsung
	It is preferred that the network provides WLAN access network discovery assistance information to Ues both in IDLE and CONNECTED modes.
Ues in IDLE mode may consume more power than Ues in CONNECTED mode without assistance information. Further, if WLAN access network discovery assistance information is only prvoided to Ues in CONNECTED mode, Ues in idle mode which wants to have the information requires to get connected, and this also wastes the UE’s power.

	LGE
	Since discovery procedure is closely related to the access network selection procedure, it seems to be better to determine this issue after completing access network selection procedure in order to avoid probable unnecessary standardization effort.

	MediaTek
	It depends on which information to be delivered and whether those information are useful to UE. 

Maybe some information can be delivered to both IDLE and CONNECTED mode Ues, while some other information is only useful to CONNECTED mode Ues. Balance between overhead cost and the benefit may need to be evaluated case by case.

	CATT
	Providing WLAN discovery assistance information could be good for UE’s power saving. For the solution, we have the same view as LGE, and it is better to discuss it based on the network selection solution. 

	Intel
	We agree with Samsung that it seems beneficial to provide assistance information to Ues in both IDLE and CONNECTED modes.

	Nokia Corporation, Nokia Siemens Networks
	It was agreed in the RAN2#81bis meeting that the location of WLAN AP is not always known by the RAN network nodes so discovery assistance is not always possible. Existing devices are using their implementation specific WLAN scanning algorithms and during these searches also operator controlled WLAN Aps could be found efficiently. So we think that existing devices are performing quite well from WLAN AP discovery point of view, but we would like to understand if some gains could be achieved from UE battery saving point of view

	Qualcomm
	Agree with Nokia

	New Postcom
	We believe that it is beneficial to provide WLAN discovery assistance information to UEs in both IDLE and CONNECTED modes for reducing power consumption. Although we agree that WLAN discovery procedure for UEs in IDLE mode is related to network selelction procedure, WLAN discovery procedure for UEs in CONNECTED mode should be also considered in other way, in order to satisfy the requirements of improving bi-directional load balancing and utilization between WLAN and 3GPP RAN.

	Ericsson, ST-Ericsson
	The best opportunity for UE power savings is for a UE to completely avoid WLAN scanning when there is no need for this particular UE to connect to WLAN. For example, requiring WLAN scanning only when the 3GPP RAN cannot provide satisfactory user experience, requiring WLAN scanning only for the UE(s) generating the highest relative load, require WLAN scanning only when there is WLAN APs in the area, etc.

When a UE is in CONNECTED mode the 3GPP RAN could decide whether or not offloading to WLAN is necessary for this particular UE, and provide assistance information. If not necessary the UE could completely avoid WLAN scanning.

Whether WLAN scanning assistance is needed in IDLE mode is not as clear to us as for CONNECTED mode.

	ZTE
	We think it would be beneficial to provide some assistance information to UE in CONNECTED mode, and this kind of assistance information can be used in power saving and network selection.
For UE in IDLE mode, the usage and gain for providing assistance information is not clear, some more analysis may be needed.

	Sprint
	Information should be delivered to the UE in both IDLE and CONNECTED modes. If this information is not provided to the UE in IDLE mode the UE would have to attempt to change to CONNECTED mode to get the information. This could delay the delivery of the information and consume more power. Another thought for consideration is that in IDLE mode an abridged version of information could be delivered to the UE with the unabridged or full information being deliverd when the UE is in CONNECTED mode. This would be an advantage for limiting IDLE mode battery usuage. This information may be obtained using a couple of methodologies. One method is for the UE to receive this information from the network. Another method would be for the UE to query the WLAN AP via WLAN protocols, pinging the AP, or methods to be defined. 

	CMCC
	Both IDLE and CONNECTED modes should be taken into account for the two reasons:

1) As said by Samsung, CATT and Intel, considering both modes will benefit UE power saving.

2) Solutions should not only focus on power saving but also increasing the opportunities of discovering available WLANs. Provding WLAN discovry assistance information to idle UEs will possibly motivate users’ potential desire to use WLAN. Regarding connected UEs, UE-specific solution can give operator more flexibiity to steer traffic, which is preferred.

	ITRI
	We have the same view as Samsung in terms of providing assistance information to UEs both in IDLE and CONNECTED modes. 

We also agree with MediaTek that the solution should take the overhead cost into consideration and be evaluated case by case. For example, both IDLE and CONNECTED mode UEs would like to acquire discovery assistance information in Use Case A due to mobility. However, maybe only CONNECTED mode UE would like to acquire assistance information in Use Case D due to offloading

	Hitachi
	We think that for efficient WLAN scanning, 3GPP RAN could indicate whether WLAN scanning should be done or not. This could be decided based on 3GPP RAN load or WLAN AP existence in near area.

	Alcatel-Lucent
	It would be good to first understand what further discovery assistance information is necessary to bring an improvement to UE power saving.

	RIM
	Connectivity to the WLAN should be independent of the state of the 3GPP RAN connection.  Assistance in discovering WLAN is useful in both states.

	Renesas Mobile Europe Ltd
	IDLE mode UEs could benefit of having WLAN access network discovery information. It should be discussed whether the RAN level information would be provided by broadcasting or whether it would be provided in a dedicated manner when the UE is in CONNECTED mode. The dedicated signaling option would make an IDLE mode UE to connect to the NW to trigger provision of such information and thereby the same procedure would apply no matter whether the information is requested from RAN node or from ANDSF. Therefore, we need to analyze and discuss the gain vs. pain before making conclusions on which option to use in a certain scenario.

	Broadcom
	 Broadcom supports assisted network discovery in both IDLE (limited) and Connected mode (extended).  The extent of information transferred from RAN may be mode dependent.  RAN based solutions in CONNECTED mode could facilitate reduced power consumption, discovery time, and connectivity outages. In the IDLE mode RAN based solutions may offer reduced discovery operations, and extended operations upon entering CONNECTED mode after IDLE operations. However if the RAN wants to provide a user-specific ANDI, this may be done in CONNECTED mode only.

	Kyocera
	For UEs in connected mode, the advantage is to be able to assist the UE in WLAN discovery in a timely manner so that traffic may be offloaded to WLAN. 

For UEs in Idle mode, if the UE can discover WLAN AP when available, the UE may not need to send connection request to the 3GPP node if dedicated services are needed.  This also means signaling load may be reduced if the UE does not need to be offloaded from 3GPP to WLAN after connection.

	Huawei, HiSilicon
	As Ericsson pointed out, when a UE is connected, the RAN could only provide assistance informatin when the RAN considers it desirable to offload this UE so that UEs not receiving such information could completely avoid WLAN scanning.

For idle UEs, assistance information may be less important.


Issue 3 – WLAN access network discovery assistance information

What WLAN discovery assistance information the network may provide in IDLE and CONNECTED modes?
	Company
	Comments

	Samsung
	It is preferred that the network provides WLAN identifiers (e.g., SSID, HESSID, (BSSID)) (by ANDSF server), and WLAN channel information (by RAN) to save WLAN scanning power .

	LGE
	The more information is provided, the more the UE may possibly save the battery. However, considering many APs deployed in a macro cell, provision of detailed information for each AP seems to be burdensome in terms of signalling overhead. 

In order to save the UE battery with minimal signalling while not resulting in negative impact in utilizing the offloading opportunity, we propose that network provides the scanning pattern WLAN module may use. It may consist of scanning duration and scanning cycle. Receiving the pattern, WLAN module of the UE is recommended to listen to the channel during the scanning duration. Outside of the scanning duration, WLAN module of the UE may stay in sleep mode so that the UE can minimize the battery consumption. The network may adjust the scanning pattern depending on the willingness of the network for offloading.

	MediaTek
	The useful assistance information may include

1. If there is WLAN
2. The SSID (Service Set Identifier) of the preferred WLAN APs
3. The frequency channels used by the preferred WLAN APs
4. WLAN AP version (e.g. IEEE 802.11a/b/g/n)

	CATT
	We share LGE’s view that more information provided, more UE’s power saving, and more signaling load introduced. Mainly considering the signaling overhead, providing WLAN identifiers (e.g. SSID) and frequency channels by RAN could be sufficient.

	Intel
	WLAN discovery assistance information may range from: WLAN presence to channels to SSIDs. 

	Nokia Corporation, Nokia Siemens Networks
	Gains of any discovery assistance information needs to be proved.

	Qualcomm
	The information provided (AP identifiers and channel information) may be useful for saving scanning power. The source of the information depends on the details of the solution, i.e., ANDSF or RAN.

	New Postcom
	We think at least WLAN AP identifier and frequency channels information can be provided to reduce power consumption.

	Ericsson, ST-Ericsson
	As said for Issue 2; we believe that the main power savings can be achieved by allowing the UE to completely avoid WLAN scanning.

We do not think that a solution allowing for power savings should be completely decoupled from the access selection solution; it would rather be preferred if the access selection mechanism also provided means to enable power savings. 

The current 3GPP mobility mechanism allows the 3GPP network to configure the UE with, for example, inter-RAT measurement configurations. When the configuration indicates so, the UE sends a measurement report to the 3GPP network. The 3GPP network can, based on the report and other internal conditions, handover the UE to another RAT. This allows for UE power savings as the 3GPP network would configure inter-RAT measurement configurations only for UEs which are candidates for inter-RAT mobility (e,g. UEs which currently generate the most load), Other UEs, not being configured with measurement configurations, could refrain from performing inter-RAT measurements and, hence, save power. The 3GPP network could also configure inter-RAT measurements only when there is a need to perform inter-RAT mobility, e.g. if there is a need for load balancing between frequencies.

A WLAN/3GPP traffic steering mechanism based the on these 3GPP principles would provide means for UE power savings. E.g. only UEs which are candidates for WLAN offloading should perform WLAN scanning. Further assistance information, such as which SSID the UE should scan for, which channels the UE should scan, etc, may also be beneficial.

	ZTE
	For CONNECTED mode, the SSID and frequency channels are needed. For IDLE mode, maybe the usage and gains should be discussed first.

	Sprint
	1. SSID

2. Channel Information including available throughput

A question for MediaTek and their suggestion of asking if there is WLAN available? This means if WLAN is not avialable, then WiFi doesn’t even get turned on, How would the UE know when to scan for WLAN? In addition to these thoughts, if throughput isn’t as necessary,  is the average speed of the AP worth considering?  An available or unavailable decision based on speed or throughput capability as well as simply availability could be part of the WLAN availability decision. 

	CMCC
	Agree with MrdiaTek, and additionally besides the white list, the assistance information should also include black-list-like information which will help UEs to avoid uncessary scanning. For instance RAN can inform UE that some APs are not accessible because of heavy load.

	ITRI
	The assistance information may include:

1. WLAN presence information (e.g. SSID)

2. WLAN channel information

	Hitachi
	Even indication only on whether WLAN scanning should be done will be useful. SSID and channel information could be also considered.

	Alcatel-Lucent
	Agree with Nokia. Also where any assistance information is provided should further be discussed.

	RIM
	Channel frequency information is not that useful as APs may automatically change their frequency in response to interference (from WLAN or non-WLAN uses) as well as to accommodate regulatory requirements (5GHz “DFS” radar avoidance).  Also, within a WLAN, APs will be deployed across the available channels to minimize neighbour interference – thus an (e)NodeB with multiple APs in its coverage area will not be able to assist in scanning a  single channel.  We see the frequency assistance as only useful for the 1:1 femtocell+AP deployment, but not the general case.

Agree with Nokia that the gains of any discovery assistance information need to be proved.

	Renesas Mobile Europe Ltd
	RAN could provide preferred WLAN IDs (HESSID, SSID or BSSID), the validity area of the assistance information etc. or indicate the availability of such information in the ANDSF or at the RAN node. The information may be provided in CONNECTED mode but applied also in IDLE mode or alternatively/additionally via broadcast signaling.

	Broadcom
	Some items to add to the list and suggest to re-arrange the list by categories:

WLAN identifiers: e.g. SSID, BSSID (may include white list and/or black list).

WLAN operating parameters: e.g. AP channel, AP location, WLAN venue IE.

WLAN AP capabilities: e.g.WMM support, AP version, supported data rates.

WLAN load information: e.g. WLAN BSS load, WLAN backhaul load.
Any network based solution must show clear gains over existing discovery schemes (i.e. ANDSF).

	Kyocera
	We think the 3GPP node could at least indicate its intention that offloading to WLAN is needed.  Presumably if offloading to WLAN is not needed the UE is not required to search for WLAN APs. Other assistance information may include both scanning optimizations and discovery optimization, both of which may include UE and NW implementations.

	Huawei, HiSilicon
	When the RAN sees interest to offload a UE to WLAN, all possible information to allow the UE to connect quickly to WLAN without wasting power could be provided.

In certain scenarios (e.g. collocated AP and small cell), this would allow minimal UE searching time (e.g. less than 500ms).


Issue 4– How the network obtains information about WLAN APs

In order to provide WLAN discovery assistance information the network needs to acquire WLAN information. What methods the network may use to acquire this information?
	Company
	Comments

	Samsung
	Network may utilize O&M server which have WLAN location information, if available. However, If the server is not avaialble, network (eNB) may need a help from some UEs to collect the WLAN location information in the coverage of the eNB (like ANR in 3GPP).

	LGE
	OAM signalling may be used as a baseline for acquiring the semi-static information. Additionally, we think UE reporting can be also used for assisting the network to obtain this information.

	MediaTek
	Agree with Samsung and LG. It has been agreed the RAN solution should work without any interface between RAN and WLAN AP, UE reporting is helpful for RAN to collect the updated WLAN AP information (e.g. loading).

	CATT
	Network can acquire WLAN information from O&M server. In addition, to give the network maintenance flexbility, UE providing WLAN info would be helpful. 

	Intel 
	We agree that OAM should be considered as a baseline. We should further study whether UE feedback provides sufficient improvement over OAM to justify additional complexity and UE impact.

	Nokia Corporation, Nokia Siemens Networks
	It should be left up to network implementation to acquire the relevant information. Or at least to us this is not in scope of this study item.

	Qualcomm
	Agree with Samsung, LG, MediaTek and CATT

	New Postcom
	We also agree that O&M server and UEs can help to provide WLAN location information.

	Ericsson, ST-Ericsson
	As discussed in RAN2#81bis, the RAN may be able to acquire information about configuration and location of the WLANs from O&M. As was discussed in, R2-131033, the 3GPP RAN can also learn about the WLAN deployment from UE reporting.

	ZTE
	We also agree that OAM should be considerd as baseline, and the information from UE (like ANR) may be benificial.

	Sprint
	Agree with Samsung and LGE

	CMCC
	Both UE reporing and OAM signalling are needed.

	ITRI
	Network could acquire some static or semi-static WLAN information from O&M server and network could also collect some latest WLAN information from UE reporting.

	Hitachi
	We agree that OAM should be considered as a baseline. Also, information from UE reporting will be beneficial.

	Alcatel-Lucent
	Agree with Intel that OAM is the baseline and further study is needed for any enhancement.

	RIM
	If UE signalling is used to send information about WLAN to the RAN, it must be minimized to not cause additional overheard contributing to the congestion this work is intended to solve.

	Renesas Mobile Europe Ltd
	As the study covers WLAN networks deployed and controlled by the operator, operator should have means to provide this information to involved network nodes, e.g., by means of O&M. UE reporting could also be considered if the gains can be justified. 

	Broadcom
	There are various means through which the RAN may have WLAN access information, dependent on operator deployments. Our discussion paper (R2-131384) in RAN2-81bis suggest few such methods.

	Kyocera
	We agree that OAM may be considered as baseline.  However, since the necessary discovery assistance information are yet to be decided, we should further study whether all necessary WLAN information are really obtainable by the network.

	Huawei, HiSilicon
	It is up to network implementation to acquire the relevant information. 


3. Summary

20 companies participated in this email discussion and provided their views.

On the question of RAN WLAN access network discovery solution relation to ANDSF the majority (18 out of 20) companies think that RAN access network discovery solution may be beneficial. One company out of remaining two thinks that this may be beneficial for co-located case only. There was no consensus regarding the question whether RAN solution should optimize ANDSF or provide an alternative deployment option. Many companies indicated their concern that duplication of ANDSF functionality should be kept to a minimum.

These was no consensus or clear majority view regarding the question whether RAN WLAN access network discovery solution should work in IDLE and/or CONNECTED mode. Some companies proposed to align this solution with access network selection/traffic steering solution RAN2 is working on.

Many different types of assistance parameters the network may provide to the UE were proposed. The following three were supported by the majority of companies:

· WLAN availability

· Frequencies/channels

· SSIDs

On the question of how eNB/RNC obtains WLAN information the majority (17 out of 20) support the OAM option as a baseline, with the understanding that UE reporting may be considered as well.

Additionally, several companies suggested that an assessment of the gains of WLAN Access Network Discovery solutions and associated UE assistance is necessary.
Based on the above summary the rapporteur has prepared the TP which is available in [1].
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