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1      Introduction
One of the objectives of the eLWA WI [1] is “Potential enhancements to support 60 GHz new band and channels (e.g. in measurements) and increased data rates for 802.11ax, 802.11ad, and 802.11ay (e.g. by PDCP optimizations)”. 
We note that the WID allows for several enhancements to be considered for supporting 60GHz WLAN band and high data rate 802.11 technologies within the eLWA framework. In this contribution we propose the base functionality required to support this new WLAN band in eLWA. The proposed functions are indicative of the minimal functionality required to support 60 GHz WLAN band and are not intended to limit additional proposals for optimizations that may be considered in scope of the present work item. The proposed functionality is intended to lay the basic foundation for the remaining work in the WID.
2      Discussion
The WID [1] as agreed by the RAN#71 plenary clearly include to specify the necessary enhancements to support 60 GHz band for eLWA. Note that the WID supports several enhancements to support 60 GHz with eLWA. For example, support of the new band and new channels in UE capabilities signalling and measurement framework, user plane enhancements (discussed in separate contribution [4]), mobility set configuration enhancements (previously proposed in [3]) and potentially other enhancements. We believe RAN2 should start this work by agreeing a minimal set of enhancements to enable 60 GHz WLAN band with eLWA, which is the purpose of the present contribution. 

Observation 1: while several enhancements for 60GHz WLAN support are in the scope of the WID, RAN2 should start by agreeing on a minimal feature set, which can serve as a foundation for eLWA support for 60 GHz WLAN.
We further note that 802.11ad [2] is a ratified amendment to 802.11 that adds support for millimetre wave band of 60 GHz, offering throughputs of up to 7 Gb/s in about 2 GHz of spectrum at 60 GHz. It is being further enhanced in 802.11ay to improve mobility, range and offer throughputs of up to 20 Gbps.
Observation 2: even though IEEE continues to enhance 60 GHz support in 802.11ay, there is a stable and ratified specification 802.11ad we can rely on in 3GPP.
While it would be beneficial to keep in mind potential enhancements that may come out of IEEE work on 802.11ay, it may be sufficient to just consider 802.11ad in 3GPP. With this being said, the intention of the present contribution is not to rule out 802.11ay – it can be considered in other discussions, e.g. on potential collaboration between 3GPP and IEEE, for example if we or IEEE determine that eLWA can further benefit from some additional enhancements done in 802.11ay. 

Observation 3: without precluding addition enhancements for/coming from 802.11ay, 802.11ad seems sufficient for basic 60 GHz support in eLWA.

During the discussion in RAN2#93bis, RAN2 have agreed to send a liaison statement [5] to IEEE asking for technical details about 60 GHz measurements. While this matter is obviously important, it is somewhat orthogonal to the issue discussed in the present contribution. 

Observation 4: the expected IEEE reply on 60 GHz measurements should be taken into account in extending WLAN measurement framework; however these details are not required to agree on adding 60 GHz band and channels.

Based on the observations above, we propose to add 60 GHz band and channels support to RRC signalling as described in more details below.
2.1     60GHz band

In Rel-13 LWA, the UE indicates to eNB the list of supported WLAN bands using IRAT-ParametersWLAN-r13 IE as part of the UE-EUTRA-Capability IE. In order to enable UEs supporting 60 GHz to indicate this capability to the network we propose to add a new value band60 in the WLAN-BandIndicator-r13. Below is the ASN.1 change shown in red to capture the proposed change in TS 36.331.
WLAN-BandIndicator-r13 ::=
ENUMERATED {band2dot4, band5, band60-v14xy, spare2, spare1, ...}

The WLAN-BandIndicator-r13 IE has been designed extensible exactly for this reason.
Proposal 1: to add band60 in the WLAN-BandIndicator-r13 IE.

2.2     Channels and operating classes

Since WLAN-BandIndicator-r13 IE is also used in MeasObjectWLAN-r13 IE, with the above change the network, knowing which UEs support 60 GHz, will be able to configure 60 GHz measurements for these UEs. This is in line with LWA principles as agreed in Rel-13, which allow the network to limit measurements to certain bands in order to save UE power (e.g. by not scheduling measurements in bands which are not used in certain locations). With the above proposal the network has then the choice to configure the measurement object for WLAN (i.e., 2.4 GHz, 5 GHz and 60 GHz) differently.
However, as agreed in Rel-13, in addition/instead of using 802.11 bands, the network may also use 802.11 channels and operating classes.

The table below illustrates the operating classes and channels defined in IEEE 802.11ad specification [2]. 

	Country
	Operating class
	Global operating class
	Channel set

	United States
	34
	180
	1,2,3

	Europe
	18
	180
	1,2,3,4

	Japan
	59
	180
	1,2,3,4


Current WLAN-CarrierInfo-r13 IE contains operatingClass-r13 and countryCode-r13 IEs, both of which can already support channels and operating classes from the table above. 

Observation 5: WLAN-CarrierInfo-r13 IE can already support 802.11ad operating classes.

However, if instead of operating classes the network opts to use channels, this is not possible for 60 GHz. This is because for example channel 1 can be used in either band 2.4 GHz or 60 GHz. In fact, same issue happens in Rel-13, the channel numbers are not unique across 2.4 GHz and 5 GHz, as we elaborate in more detail below. 

To address this issue, there are two options illustrated by ASN.1 excerpts below:

Option 1: change the operatingClass-r13 to be signaled conditional on channelNumbers-r13
WLAN-CarrierInfo information element
-- ASN1START

WLAN-CarrierInfo-r13 ::=

SEQUENCE {


operatingClass-r13

INTEGER (0..255)


OPTIONAL,

-- Cond chanNum

countryCode-r13


ENUMERATED {unitedStates, europe, japan, global, ...}
OPTIONAL,

-- Cond operatingClass

channelNumbers-r13

WLAN-ChannelList-r13

OPTIONAL,
-- Need ON


...

}

WLAN-ChannelList-r13 ::=
SEQUENCE (SIZE (1..maxWLAN-Channels-r13)) OF WLAN-Channel-r13

WLAN-Channel-r13 ::=
INTEGER(0..255)

-- ASN1STOP

	WLAN-CarrierInfo field descriptions

	channelNumbers
Indicates the WLAN channels as defined in IEEE 802.11-2012 [67].

	countryCode

Indicates the country code of WLAN as defined in IEEE 802.11-2012 [67].

	operatingClass
Indicates the Operating Class of WLAN as defined in IEEE 802.11-2012 [67].


	Conditional presence
	Explanation

	chanNum
	The field is mandatory in case channelNumbers-r13 is included; otherwise the field is optional Need ON.

	operatingClass
	The field is mandatory in case operatingClass-r13 is included; otherwise the field is optional Need ON.


Option 2: add WLAN-BandIndicator-r13 IE to WLAN-CarrierInfo-r13 IE

WLAN-CarrierInfo information element
-- ASN1START

WLAN-CarrierInfo-r13 ::=

SEQUENCE {


operatingClass-r13

INTEGER (0..255)


OPTIONAL,
-- Need ON


countryCode-r13


ENUMERATED {unitedStates, europe, japan, global, ...}
OPTIONAL,
-- Need ON


channelNumbers-r13

WLAN-ChannelList-r13

OPTIONAL,
-- Need ON


...,


[[ bandIndicatorWLAN-r13

WLAN-BandIndicator-r13,              OPTIONAL

-- Cond chanNum


]]
}

WLAN-ChannelList-r13 ::=
SEQUENCE (SIZE (1..maxWLAN-Channels-r13)) OF WLAN-Channel-r13

WLAN-Channel-r13 ::=
INTEGER(0..255)

-- ASN1STOP

	WLAN-CarrierInfo field descriptions

	channelNumbers
Indicates the WLAN channels as defined in IEEE 802.11-2012 [67].

	countryCode

Indicates the country code of WLAN as defined in IEEE 802.11-2012 [67].

	operatingClass
Indicates the Operating Class of WLAN as defined in IEEE 802.11-2012 [67].


	Conditional presence
	Explanation

	chanNum
	The field is mandatory in case channelNumbers-r13 is included; otherwise the field is optional Need ON.


In option 1, the network has the capability to signal either operating class and country or operating class, country and channels list (using condition chanNum). In the former case, the UE can determine which band the channel numbers apply to based on the operating class. The advantage of this option is that ASN.1 impact is smaller, however the disadvantage is that in practice the network is likely to have to signal multiple operating classes by configuring multiple measurement objects for each operating class. This is because many APs support multiple operating classes and it is possible that different APs in the same area have different operating classes. 

In option 2, WLAN band indicator is added to be signaled together with channel numbers list. This option has slightly bigger ASN.1 impact, however it seems to be more practical, as most WLAN implementations today do exhaustive channel scan in a given band anyway, so it seems that it would be more helpful for the UE if scanning is limited based on bands, rather than operating classes.

Proposal 2: to adopt either option 1 or option 2 to resolve the channel ambiguity problem.
As we mentioned previously, the problem described in the section is also present in Rel-13 for bands 2.4 GHz and 5 GHz. This is because according to the 802.11-2012 specification, channel numbers 7, 8, 9 and 11 are not unique to 5 GHz in Japan (see table E-3 in 802.11-2012 “operating classes in Japan”). Therefore, we additionally propose to adopt the option selected in proposal 2 for Release-13 as well. We have provided two CRs in [6] and [7] to resolve this issue for Release-13. We suggest following the same solution in Release-13 and Release-14.
Proposal 3: to adopt the same option to resolve channel number ambiguity in Release-13 and Release-14.

NOTE: In Release-13 the band indicator will still support bands 2.4 GHz and 5 GHz only, whereas in Release-14 it will support 2.4 GHz, 5 GHz and 60 GHz.

3      Conclusions and proposals

Observation 1: while several enhancements for 60 GHz WLAN support are in the scope of the WID, RAN2 should start by agreeing on a minimal feature set, which can serve as a foundation for eLWA support for 60 GHz WLAN.
Observation 2: even though IEEE continues to enhance 60 GHz support in 802.11ay, there is a stable and ratified specification 802.11ad we can rely on in 3GPP.
Observation 3: without precluding addition enhancements for/coming from 802.11ay, 802.11ad seems sufficient for basic 60 GHz support in eLWA.

Observation 4: the expected IEEE reply on 60 GHz measurements should be taken into account in extending WLAN measurement framework; however these details are not required to agree on adding 60Ghz band and channels.
Observation 5: WLAN-CarrierInfo-r13 IE can already support 802.11ad operating classes.
Based on the observations above we make the following proposals:
Proposal 1: to add band60 in the WLAN-BandIndicator-r13 IE.
Proposal 2: to adopt either option 1 or option 2 to resolve the channel ambiguity problem.

Proposal 3: to adopt the same option to resolve channel number ambiguity in Release-13 and Release-14
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