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1. Introduction
[bookmark: _Toc352077766]In RAN2#91, it was agreed “to have separate capability bits for interworking and aggregation” and that “the UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation” [1]. This agreement is captured in the running 36.300 CR [2] with the Editors’ note that “The paragraph above shall be removed once UE capabilities are defined”.

The focus of this email discussion is the details of what the UE should report in its support of LWA and RCLWI. However signaling and encoding details of such support should be handled at a different stage of the WI.

The deadline of this email discussion is Thursday, 2015-11-05, 23:59 Pacific Time.
2. Discussion
Companies are requested to provide their view on the questions below.
2.1 WLAN Radio Support
It is assumed that the questions here are applicable to both LWA and RCLWI. Please state explicitly if you think that a capability should only be supported for either LWA or RCLWI but not both.
	1. In addition to WLAN bands, should the UE also report supported channels in each band? 
NOTE: The agreement in RAN2#91 was that the “UE is configured with measurements for WLAN using the WLAN numerologies (e.g. 'Country', 'Operating Class', and/or 'Channel Number') (same principle as for CDMA2000)”

	Company
	Answer

	Nokia Networks
	Yes – the UE should indicate the information that can be used for determining the LWA and WLAN measurement configurations.


	ZTE
	Yes- UE supportive WLAN channel info can benefit eNB’s WLAN measurement configuration and UE’s battery.

	Ericsson
	No – It is expected that the UE supports all channels within the reported band. This is typically the case for WLAN chipsets intended for the global market.

	BlackBerry
	May be. 
It is a bit unclear what WLAN band refers to in the above. Generally speaking for 2.4 GHz bands all channels are supported if the band is supported. For the 5GHz at least the lower and upper bands needs to be distinguished. Some channels in a supported band may have requirements for DFS and these channels may not be supported in those regions where DFS requirements are applicable (even though the band itself may be supported).  

	Qualcomm
	Yes. For 5Ghz, as BB pointed out, some channels may not be supported due to DFS. Therefore, it is beneficial to provide this information to the eNB which uses it for measurement configurations.

	MediaTek
	No. UEs will typically support all channels in a band. Even in regions where DFS is applicable, the WLAN APs will anyway not operate in those channels.

	CATT
	No. 
Usually UE will support full channels in A WLAN bands. And the WLAN operating channel in each AP may change dynamically based implementations. We do not see any benefits for let eNB know about such info, as UE’s mobility within mobility set is totally handled by UE itself. Besides, transferring such information will take lots of bits over the air and Xw interface.

	ITRI
	Yes. It can be beneficial for the network to determine the WLAN measurement configuration and the mobility set which can match UE capability.

	Intel Corporation
	Yes, however channel list by itself does not contain information about bandwidth supported for each channel. 
It is better to signal country element and operating classes as defined in Annex E of IEEE P802.11-REVmc TM/D4.2, Sept 2015.

	Samsung
	Similar view to BlackBerry: The term WLAN band is a bit unclear. 2.4 GHz band can be referred as a single Operating Class while 5 GHz bands consist of multiple operating classes.
If WLAN bands refer to the Operating Classes, then the answer would be No, as UE would support all channels within the Operating Class.

	HTC
	No. Supported WLAN band alone should be enough for the measurement configuration. 



Conclusion: Five companies support signalling the WLAN channels, five companies do not support and one company is neutral. Based on this, RAN2 should continue discussing this issue.

	2. Should the UE report the 802.11 protocol version it supports (e.g. 11n, 11ac)?

	Company
	Answer

	Nokia Networks
	Yes. Different APs within a WT may have different capabilities, so the expected UE throughput differs based on the 802.11 version. 
As a side-note, we think this should also be reflected in RAN3 side so that the WT can also indicate the supported 802.11 version of the APs within the WT.

	ZTE
	Neutral. The 802.11 version info may not benefit much the eNB’s WLAN measurement configuration.
Two further relevant questions for clarification:
1: Which 802.11 versions are supposed to support LWA/RCLWI? Do we have 802.11 version specific LWA/RCLWI capabilities?
2: Not sure whether it is typical deployment case for different version APs within the same WT or even mobility set. 

	Ericsson
	No – Since performance, e.g. maximum throughput cannot be deduced from UE 802.11 version alone. Performance depends also on AP version, and on supported version of other (e.g. non LWA) UEs communicating with the AP. The UE capabilities signalling should be kept simple.

	BlackBerry
	No – Our understanding is that this capability is not necessary for configuring measurements. The WLAN APs should be able to support UEs supporting different 802.11 versions in backwards compatible way in any case. 

	Qualcomm
	Neutral. What impacts eNB decisions for scheduling is the data rate and throughput on WLAN. Providing this information directly is better. The only case where the protocol version could be useful is if the eNB only gets WLAN RSSI and tries to map this to a data rate. So, the decision here depends on the agreement for UE feedback for the serving AP.

	MediaTek
	Yes. Such information can be useful. Agree with Qualcomm. In addition, the eNB may use this information to group UEs in different channels to ensure that UEs supporting older WLAN versions do not pull down performance of UEs supporting later versions.

	CATT
	Yes,
It is helpful for eNB to rule out un-supported APs for UE in its mobility set.

	ITRI
	Yes. It can be beneficial for the network to determine the WLAN measurement configuration and the mobility set. Consequently, UE would reduce time and power in WLAN measurement and detection.

	Intel Corporation
	Yes.
The UE should report, for each supported band (2.4GHz and 5GHz bands), the maximum number of DL and UL spatial streams, HT/VHT/UHT(802.11ax) capabilities, maximum DL and UL MCS, and support of DL and UL MU-MIMO.
NOTE: this would only be beneficial if the eNB is aware of corresponding AP capabilities, which is true for the collocated case, but may or may not be true (depending on Xw interface capabilities) in the non-collocated case.

	Samsung
	No. Note that WLAN standardization is also evolving, and to include such information prevents having future-proof solution.

	HTC
	Yes. If eNB knows the supported WLAN version of a UE, it can configure the UE to associate with better matching capability WLAN APs (if the supported version of AP is also known to the eNB). 



Conclusion: Six companies support signalling 802.11 protocol version, three companies do not support and two companies are neutral. Based on this, RAN2 should continue discussing this issue.

	3. Should the UE report other WLAN RF capabilities? (e.g. number of antennas, MIMO capability, tx power)? If “Yes”, please provide the capability and justification.

	Company
	Answer

	Nokia Networks
	Yes – UE should indicate the following:
· Number of Rx antennas for WLAN (affects MIMO and coverage)
· MIMO capability within WLAN (affects throughput)
· UL tx power for WLAN (affects coverage of MAC ACKs for WLAN)
All of these can be a factor when determining the data rate of the UE via the WLAN access.

	ZTE
	Neutral. The UE can indicate its WLAN specific RF capabilities as much as it is allowed, but the gain is also much related to WT deployments. It may be redundant in some cases, also introduce complexity for RRM handling in LWA/RNLWI operations. 

	Ericsson
	No – It is unclear how the eNB can determine with a sufficient accuracy the achievable performance of the UE, as the performance depends also on other metrics, for example load and also capabilities of other UEs served by the AP. The UE capabilities signalling should be kept simple.

	BlackBerry
	No – As Ericsson said, we don’t see how eNB can determine achievable throughput based on this. If achievable performance is important, this should be included as a parameter to report in measurement reports instead (e.g. expected throughput etc) 

	Qualcomm
	Similar to Q3 response and as others commented, this is not directly applicable for LWA operation. In LTE, these are reported since the eNB determines MCS and TB size accordingly. However, in LWA, eNB only decides on the amount of data to be sent over WLAN which can be better estimated via the data rate or throughout on WLAN.

	MediaTek
	No, this information is useful for WLAN APs, not so much for eNBs.

	CATT
	No.
eNB cannot make any use of such information.

	ITRI
	This may be beneficial for determining data rate of UE, but it can be optional. The supported maximum data rate may be much useful.

	Intel Corporation
	TX power should not be signalled, as it may be different for different channels. See also the answer to question 2 above.

	Samsung
	No

	HTC
	Yes. UE may report information as in WLAN which can be used to infer supported data rates such as 
· Supported Channel Width, support of short GI(guard interval) and Supported VHT(Very High Throughput)-MCS and NSS(Number of Spatial Stream) Set when it supports 11ac, or 
· Supported Channel Width, support of short GI and Supported MCS Set when it supports 11n.
Note that the MIMO capability has been implied in terms of the VHT-MCS and NSS Set for 11ac and Supported MCS Set for 11n, while tx power should not be signalled.



[bookmark: _GoBack]Conclusion: Two companies support signalling additional WLAN RF information, six companies do not support; one company is neutral, one company is against signalling tx power, and one company prefers data rate instead even though these may also be beneficial. Based on this, it is proposed not to signal additional WLAN RF information.

2.2 Data Rate Support
In LTE, the maximum data rates the UE can receive and transmit are determined by the “UE Category”. Since the eNB scheduler can transmit PDCP PDU on either LTE and/or WiFi, it can be argued that a similar capability for WLAN alone or a combined capability for LTE and WLAN aggregated should be signalled. The support for the total data rate(s) over both LTE and WLAN can be justified by the common PDCP layer processing which may not handle the sum of maximum data rates on each link. In addition, due to different processing power requirements on LTE and WLAN, the UE may support multiple sets of data rate combinations of each link.
The questions here are applicable to both downlink and uplink. However, since the baseline for LWA uplink is “LTE only” with other modes as second priority, the signalling support for uplink can also be considered second priority.
	4. Should the UE report its maximum supported data rate(s) for WLAN? If “Yes”, should this be applicable to LWA only or both LWA and RCLWI?

	Company
	Answer

	Nokia Networks
	Yes, but this question requires more clarifications.
· The UE should indicate the maximum supported L2 buffer size, similar to the one in LTE UE category.
· The achievable WLAN L1 data rate can be inferred from WLAN capabilities 
As per our analysis in [4], the WLAN L1 bit rate alone does not determine the L2 buffering requirement for LWA, but needs to be considered in combination with an LTE bit rate. 
The same applies to the total supported rate of DL PDCP SDUs (which equally concerns both LWA and RCLWI): unless maximum supported WLAN data rate is combined with an implicit assumption of a simultaneously supported maximum LTE bit rate as determined by the UE’s LTE category, there is little value from the UE reporting a maximum supported WLAN bit rate alone.

	ZTE
	Yes. We also think UE’ capability of WLAN branch data rate is beneficial for eNB to facilitate LWA operation, but it is not required by RCLWI.

	Ericsson
	No - for RCLWI there is no need to indicate supported data rates in WLAN, since no LTE radio protocols are involved in this option.
For LWA, on one side, WLAN-side achievable rates and required buffers are WLAN version and implementation specific; on the other hand, the aggregation point in LWA is PDCP and therefore supported PDCP buffer size need to be specified. It is typically calculated assuming certain maximum bitrates of the aggregated links, but also other assumptions such as RTTs and backhaul delays.  
Instead of reporting the maximum achievable WLAN bitrate, maximum WLAN bitrates need only to be assumed to calculate the required PDCP buffer sizes (L2 buffers), which are at the moment specified per LTE UE category. 
Indicating the existing LTE category, together with an indicator of LWA capability (or WLAN bitrate category) that determines L2 buffer size, seems sufficient. It remains to be seen whether new L2 buffer size values need to be specified or the ones for DC split bearer are sufficient. 
In-line with Nokia we do not think that there a benefit from reporting the maximum supported WLAN bitrate alone, i.e. the answer is no.

	BlackBerry
	May be
It is a bit unclear how this value will be used by the network. Again, as per the above question, we think that the expected data rate and maximum supported data rate for a given WLAN could be more useful instead (and these could be reported in measurement reports as these vary dynamically based on the radio conditions)

	Qualcomm
	Yes for LWA, where it is beneficial for the eNB to know the peak rate supported for scheduling. This is similar to LTE UE category where the maximum data rate is per spec. Since defining new WiFi categories is outside the scope of 3GPP, we should have this signalling.

	MediaTek
	No, If WLAN version is known then it is not clear why maximum data rate needs to be specified.

	CATT
	No.
The maximum supported rate means nothing for eNB. The actually data rate in WLAN are subject to various metrics (like radio condition, channel utilization, number of stations) which are totally not known to eNB. The actual data rate in WLAN can be rather different. For scheduling optimization, eNB can utilize the Flow Control.

	ITRI
	Yes, eNB schedules PDCP PDU over either LTE and/or WT. but, this should be applied to LWA only. For RCLWI, the traffic does not go via the LTE.

	Intel Corporation
	This information is already available from the information defined in questions 1 and 2 (if these are agreeable).

	Samsung
	No. WLAN has many redundant time duration to support CSMA/CA (e.g. backoff, AIFS (/DIFS), SIFS, (block) ACK frame), the maximum supported data rate would not be helpful to estimate actual/expected data rate. Network may assume expected data rate based on the mandatory MCS of deployed WLAN APs, if needed.

	HTC
	No. The maximum supported data rate can be derived in terms of the information provided in our answer to Q3.



Conclusion: Four companies support signalling maximum WLAN rate, five companies do not support, one company is neutral saying that expected data rate is more useful and one company thinks this can be determined by WiFi channel and protocol information. Based on this, RAN2 should continue discussing this issue.

	5. Should the UE report a maximum supported aggregate (LTE+WLAN) data rate for LWA? 

	Company
	Answer

	Nokia Networks
	Yes – the UE needs to indicate the maximum supported L2 buffer size.
As per our analysis in [4], this aggregate data rate determines the L2 buffering requirement under the assumption that the delay over the LTE branch of the LWA bearer dominates. If this is commonly agreed as an underlying answer, then our answer is ‘Yes’.

	ZTE
	Yes. We think UE supported aggregated data rate is beneficial for eNB to facilitate LWA operation

	Ericsson
	No – same reasoning as for question 4.

	BlackBerry
	Same as question 4

	Qualcomm
	Yes. Similar reasoning to Q4.

	MediaTek
	Yes, if UE has a different maximum supported data rate. This only applies to LWA, which is assumed to anchor at PDCP.

	CATT
	No.
Same reason as Q4.

	ITRI
	Same as Q4.

	Intel Corporation
	Yes

	Samsung
	No

	HTC
	No. We think the maximum supported aggregated data rate is the sum of LTE maximum rate and WLAN maximum rate. The LTE maximum rate is implied by UE Category while the WLAN maximum rate can be derived from the information we suggest in Q3.



Conclusion: Six companies support signalling LWA aggregate data rate, four companies do not support and one company is neutral saying that expected data rate is more useful. Based on this, RAN2 should continue discussing this issue.

	6. If the answer to 5 is “Yes”, should the UE report a single value or a set of multiple values corresponding to different combinations of LTE and WLAN rates (e.g. {(LTE,WLAN) in Mbps: (300, 600), (200, 800), …})? 

	Company
	Answer

	Nokia Networks
	No strong opinion - Both options could work. A single value could be simpler but might limit the indicated maximum, whereas separate values could allow different characteristics for BB processing of LTE and WLAN.
If multiple combinations are indicated, from L2 buffering point of view, the UE would then have to support the largest buffering requirement among all the combinations that it indicates as supported. 

	ZTE
	Prefer a set of multiple values.

	Ericsson
	Instead of bitrates, the indication should correspond to L2 buffer sizes. At the moment the LTE UE categories determine the L2 buffer size. It can be envisaged that for each LTE UE category, one or multiple (no strong view) L2 buffer sizes for LWA operation are specified. These may however be the same values as for DC split bearer.

	Qualcomm
	The UE can support multiple sets due to different BB capabilities as pointed out by Nokia and providing this information to the eNB will allow more flexibility for its scheduling decisions.

	MediaTek
	Multiple values. 

	CATT
	No

	ITRI
	No strong opinion.

	Intel Corporation
	The UE should report three values: maximum DL aggregated rate, maximum DL WLAN rate, and maximum DL LTE rate. Details need to be further discussed.


	
	



Conclusion: Since this question is dependent on Q5 for which no agreement could be reached, RAN2 should continue discussing this issue as well.

2.3 PDCP Reordering
For LWA, PDCP reordering is performed by the UE and the same mechanism used in Dual Connectivity (DC) split-bearer will be adopted [2]. In DC, the additional L2 memory requirement with split-bearer support is signalled for each UE category [3]. RAN2 should decide whether a similar requirement and signalling should be used for LWA.
	7. For UEs supporting LWA, should additional L2 buffer size needed for PDCP reordering be defined and signalled?

	Company
	Answer

	Nokia Networks
	Similar to DC, the LWA with option 3C requires larger buffer sizes than without LWA.
However, some clarifications to the questions:
· Currently with LTE DC, the L2 buffer is not signalled, but it is specified per UE category / UL/DL-category combination. Similarly, explicit signalling of the L2 buffer for LWA may not be needed.
· On the question statement: “additional” is slightly ambiguous: Yes, the L2 buffer sizes are larger than without LWA. However, relative to the currently specified L2 buffer sizes with split bearers, see [4] for some analysis of the issue.

	ZTE
	Yes! For LWA 3C option, additional L2 buffer size needs to be defined and signalled.

	Ericsson
	Agree with Nokia.
Larger L2 buffer sizes than in LTE single connectivity are needed, it remains to be seen whether the values for DC split bearer are sufficient, or additional values need to be defined depending on assumed WLAN bitrates.

	BlackBerry
	Yes. 
Firstly we should also agree that this option is needed only if UE supports split bearer and split bearer functionality should be optional for UE. 

	Qualcomm
	Similar to DC, defining L2 buffer size per UE category is reasonable. However, agree that additional sizes compared to DC should be discussed and justified. 

	MediaTek
	Yes, for the reasons states above.

	CATT
	No.
We think for LWA we could just reuse existing value. And we do not see any benefits eNB could use such information. As Nokia said, the L2 buffer is not signalled, but it is specified per UE category / UL/DL-category combination. If we define new values for LWA, more work needed for estimations based on different WLAN combinations. That is not realistic or beneficial under current tight time schedule.

	ITRI
	Re-use mechanisms in DC.

	Intel Corporation
	No strong view.



	Samsung
	Tend to agree with Nokia (no strong view)

	HTC
	Agree with Nokia.



Conclusion: All companies agree that L2 buffer sizes for LWA split-bearer should be known by the eNB. There is no consensus on whether the same values for DC can be re-used or additional sizes should be considered. All companies except one think that the buffer size should be per UE category which is captured in the specification and should not be signalled. Based on this, RAN2 should agree to L2 buffer size requirement for LWA per UE category and further discuss the applicable values.

	8. If the answer to 7 is “Yes”, should the signalling be similar to DC (memory requirement per UE category) or different?

	Company
	Answer

	Nokia Networks
	Similar to DC. 
See comment on previous question: there is no memory requirement explicitly signalled for LTE DC. The L2 buffer requirements differ according to UE category depending on whether UE supports split bearers or not.

	ZTE
	Similar to DC.

	Ericsson
	Agree with Nokia.

	BlackBerry
	Agree with Nokia. 
Again this option is only for the case when the UE supports split bearer

	Qualcomm
	Similar to DC

	MediaTek
	Similar to DC

	CATT
	No.

	ITRI
	Re-use mechanisms in DC.

	Samsung
	Tend to agree with Nokia (no strong view)

	HTC
	Similar to DC.



Conclusion: See Q7.

2.4 Xw related
	9. Other UE information required for LWA/RCLWI procedures on Xw ?

	Company
	Answer

	MediaTek
	RAN3 has agreed to use UE WLAN MAC address in WLAN to correlate the UE ID for data transmission over Xw and WLAN (for initial binding). Therefore, we believe UE WLAN MAC address shall be reported as part of UE capability.

	CATT
	Share the same view with MTK. Report MAC address in UE capability is easier than report in measurement report or other message.

	Intel Corporation
	Agree with Mediatek (however, I think this is the understanding in RAN3 already).
Additionally, in order for the eNB to take advantage of the information such as channel/operating class, 802.11 technology, etc this information need to be available on the Xw interface as well.

	Samsung
	Agree with MediaTek

	HTC
	Agree with MediaTek.



Conclusion: Four companies agree that the UE WLAN MAC address can be signalled as part of UE Capability. Even though this question was added by one company late in the discussion and thus lacking the feedback from all companies, WLAN MAC address has already been agreed in RAN3 for UE identification and thus it is suggested that RAN2 should agree to reporting this in UE Capability. 
3. Summary and Conclusions
Eleven companies participated in this email discussion. Based on the conclusions for each question, the following are suggested:
There was no consensus on reporting UE capability for WLAN Radio (supported channels in a band, 802.11 protocol version). However, there is majority for not supporting additional RF capability (tx power, MIMO etc). Therefore,
Proposal 1: RAN2 should continue discussing UE capability signalling for supported WLAN channels in a band and 802.11 protocol version.  
Proposal 2: Signaling for other WLAN RF information is not supported.
Since there is no consensus on reporting WLAN and aggregate LWA data rates,
Proposal 3: RAN2 should continue discussing UE capability signalling for maximum data rates for WLAN and aggregate LTE+WiFi.
For PDCP reordering buffer size, there is consensus that a mechanism similar to Dual Connectivity is needed but the actual L2 sizes should be further studied.
Proposal 4: RAN2 should agree to L2 buffer size requirement for LWA split-bearer per UE category and further discuss and agree on the applicable values. 
For UE WLAN MAC signalling, not all the companies were able to provide feedback. However, it was agreed in RAN3 that UE MAC address should be known by the eNB and it is reasonable to provide this signalling in the UE capability:
Proposal 5: RAN2 should agree to signalling WLAN MAC address in UE Capability reporting. 
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