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1
Introduction
RAN plenary #67 has agreed a new work item on LTE-WLAN radio level integration and interworking enhancement. This document proposes the addition of new UE capabilities in order to facilitate the interworking enhancement and aggregation configuration by the RAN node.
2 
UE capabilities
2.1
Basic LWA capabilities 
The main question for UE capabilities for LTE-WLAN aggregation is the information needed by eNB to handle the LWA operation. The following capability areas can be easily identified:

· Basic LWA operation: Support for bearer offloading and flow control feedback from UE (if defined), mobility within WLAN cells according to eNB-selected mechanism (eNB-assisted or eNB-controlled, as decided during RAN2#90), security mechanisms for WLAN authentication
· WLAN measurements: Support of WLAN measurement quantities and event configuration, as well as need for gaps for WLAN measurements
· RF support for WLAN: Supported bands/carriers for WLAN operation, support of LWA within each band combination

In the following section, we briefly consider open issues with these categories.

Just as with CA/DC, the basic LWA capabilities can be contained within the per-band and per-band combination-specific capabilities, i.e. UE indicating support for LWA for a certain band combination always supports the “basic LWA operation”, and additional capabilities may be indicated.

The eNB uses the UE capabilities for deciding how to configure the LWA operation, e.g. on the optimal measurement configuration depending on which options UE supports.
2.2
Support of LWA in different band combinations
Like with CA, UE needs to indicate whether it would support the LWA operation in any supported band combination. However, the situation differs a bit since the WLAN is an independent RAT, which, according to existing UEs, can usually be used in most band combinations. Hence, the LWA capability could be something that is per UE, not per band combination or per band per band combination.

Observation 1: If UE supports LWA, it would likely support LWA regardless of band combination.

However, it is obvious that LWA requires some processing, since it is essentially a CA operation. Further, as known from the IDC work during Rel-11, there are some band combinations for which WLAN + LTE operation may pose problems. 

Observation 2: LWA may not be possible in all band combinations, e.g. in band combinations with IDC problems.

Therefore, we think it could be discussed whether the support of LWA is per UE, or per band combination. Also, in case LWA would typically be supported in most band combinations except some exceptional cases, it would be more signalling-efficient to indicate the per-UE support of LWA once, but for select band combinations indicate that LWA is not supported for that particular band combination.
Proposal 1a: Discuss whether UE would typically support LWA in most band combinations, or only in few band combinations. 

Proposal 1b: In case LWA would typically be support in most band combinations, consider using signalling that indicates when LWA is not supported to optimize the signalling size.

NOTE: The ASN.1 according to proposals 1a and 1b is shown in Annex E of contribution R2-154254.
2.3
Support of WLAN Frequency Bands
The support of LWA would also require defining in which bands UE supports WLAN. . In RAN2#91, the following decisions were made:

	2
The UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation.

3
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).




Therefore, the UE capabilities should include the fields as closely aligned with the IEEE 802.11-2012 Annex E [3], i.e. indicate country, operating class, optionally also supported channel numbers in case UE doesn’t support all the channels. 
Proposal 2: When indicating its WLAN frequency band capabilities, UE indicates a list of entries, with each entry consisting of operating class, country code and optionally the support channel numbers.

NOTE: The ASN.1 according to proposal 2 is shown in Annex D of contribution R2-154254.
2.4
WLAN Measurement Capabilities
As per the WID, UE is still required to be able to use and measure WLAN also outside the LWA operation. This means the UE should indicate its measurement capabilities so eNB knows whether it can order UE to measure different WLAN carriers.
Observation 3: eNB needs to know in which WLAN carriers it can configure WLAN measurements for the UE together with the LWA configuration.

Since the UE capabilities already are using the WLAN numerology, as close alignment as possible for those would be desirable for measurement object as well. However, due to the nature of the WLAN capabilities, it could be sufficient to reuse the same numerology also for the measurement, with the option allowing UE not to indicate all channel numbers.
Proposal 3: Reuse the WLAN numerology used for UE capabilities also for measurement objects.
NOTE: The ASN.1 according to proposal 2 is shown in Annex C of contribution R2-154254.
2.5
Support of LWA and LWI 
A mix of UEs supporting the two Rel-13 features may be present in the network, some supporting the LWI, some the LWA feature and some supporting both. Further, since the Rel-13 WLI is an extension of Rel-12 IW, it should be decided whether a UE supporting Rel-13 LWI would always also support Rel-12 WLAN IW.

Proposal 4: RAN2 to discuss whether a UE supporting Rel-13 LWI shall always support Rel-12 WLAN IW. 

2.6
Support of WLAN Radio Capabilities 
We assume that by Rel-13 deployment time, all WLAN-capable UEs supporting Rel-13 LTE also support most WLAN features specified until now. Hence, it could be assumed that all UEs supporting LWI /LWA also support HS2.0 specification. If this is the case, then it would be implied by the support indication of LWA/LWI and could be assumed for the LWI/LWA operation.

Proposal 5: All UEs supporting LWA or LWI shall support also HS2.0 specification.

Further, the eNB would also need to know the supported 802.11 version of both UE and the APs involved I LWA. See R2-154255 for further discussion on this.

2.7
Support of eNB-based Security 
In RAN2#90, it was decided that the baseline security for LWA is provided by LTE security, and WLAN authentication baseline is via AAA-based method. However, the eNB-based authentication was also asked from SA3, with SA3 responding in R2-154017. However, the question is whether all UEs would support such a mechanism – if they don’t, the eNB would have to know to use the correct authentication method.

Proposal 6: RAN2 to discuss whether all UEs supporting LWA would also support eNB-based authentication.

2.8
Supported rate of DL PDCP SDUs 
Annex A of [1] captures the following:

In order to help the dimensioning of the UE design, values for the maximum number of DL PDCP SDUs per TTI from Table A-1 may be used.

As a general rule therein, the rate of SDUs is obtained from the maximum supported downlink bit rate by assuming roughly 6000 bits per SDU on average.

To not limit the throughput-gain potential from LWA, it seems desirable to support a case where the UE is served at its maximum supported bit rates both over the LTE radio (either within or outside LTE-WLAN split bearers) and over the WLAN radio. This requires a UE supporting LWA to support a rate of DL PDCP SDUs greater than that determined by the UE’s LTE category alone.

Proposal 7: In addition to the maximum number of DL PDCP SDUs per TTI as currently required by the LTE UE category, a UE supporting LWA shall support a rate of DL PDCP SDUs equal to its maximum supported WLAN bit rate [bps] divided by 6000 [bits per PDCP SDU on average].
2.9
L2 buffer size 
The L2 buffer sizes of split-bearer capable UEs as specified in [1] were dimensioned using principles in [2]. One thing immediately apparent from those principles is that the L2 buffer size required from the UE depends, among other things, on how long latency the X2 interface (in our case, the Xw) can be assumed to have. In LTE dual-connectivity work, one of the underlying requirements was support for non-ideal backhaul between MeNB and SeNB with latency up to 30ms. So far there seems to have been no discussion on whether the work on LWA is also subject to this same requirement.

Proposal 8: For the purpose of UE’s L2 buffer-size dimensioning, RAN2 needs to discuss whether LWA, similar to LTE dual connectivity, is subject to the requirement of supporting Xw latencies up to 30ms.

What follows is an attempt to translate the analysis from section 2 in [2] to the context of LTE-WLAN split bearers.
Case (extreme) 1: near-instant data reception over LTE branch, delay over WLAN branch dominates. When considering LTE-WLAN split-bearer operation, its maximum DL data rate must be decomposed into: 

A. MaxLTEDLDataRate transmitted directly by the eNB

· This bit-stream component must be buffered by the UE PDCP until it is combined/reordered with the data transmitted via the WT. The buffering delay at UE applicable to this component consists of:
1. Xw delay;

2. TX-queueing delay at WT;

· As proposed in [2], the LTE dual-connectivity counterpart for the sum of the above was assumed 130ms in [1]. In absence of other reference figures e.g. for Xw latency, we assume the same in this context.

3. Possible delay from WLAN MAC retransmissions. Compared to the 130ms assumed in the previous, we assume this delay to be negligible.
(While this bit-stream component can naturally also be subject to RLC reordering for the duration of the local RLC RTT at the eNB (assumed as 75ms in [1]), the sum of the above three factors dominates, i.e. by the time data received via WT allows delivering data received from eNB to upper layers, the reordering of the latter by the LTE RLC is assumed to be completed.)

B.  MaxWLANDLDataRate transmitted via the WT
· We assume any reception buffer internal to WLAN MAC to be out of scope of LTE specifications and hence of this analysis. By section 9.21.4 of [3], “The recipient shall pass MSDUs and A-MSDUs up to the next MAC process in order of increasing sequence number”, meaning that there is no buffering requirement implied to PDCP from this bit-stream component.
Taking also into account the buffering need from uplink transmissions which we assume to take place solely over the LTE radio, the above would result in a buffering need of

MaxULDataRate * RLCRoundTripTime + MaxLTEDLDataRate * (Xwdelay + WLANTXQueueDelay).

We note that under this Case 1, where the WLAN branch of the bearer is the one with the longer delay, this buffering need is independent of the WLAN-branch bit rate.
Case (extreme) 2: near-instant data reception over WLAN branch, delay over LTE branch dominates. Again, decomposing the maximum DL data rate of the LTE-WLAN split-bearer:

A. MaxLTEDLDataRate transmitted directly by the eNB

· For this bit-stream component, only the RLC-reordering buffering for the duration of the assumed RLC RoundTripTime applies.
B. MaxWLANDLDataRate transmitted via the WT

· This bit-stream component must be buffered by the UE PDCP until it is combined/reordered with the data transmitted directly by the eNB. Assuming that the eNB is able to well minimize its own transmission buffers below the data split, the buffering delay at UE applicable to this component consists solely of the RLC reordering delay applicable to the LTE branch, equal to the RLC RoundTripTime.
· By the assumption of Case 2, we assume a possible delay to recover a NACKed MAC SDU to fit within the RLC RoundTripTime, i.e. that this factor does not imply an additional buffering need in this case.
The resulting buffering need in this case would thus be


RLCRoundTripTime * (MaxULDataRate + MaxLTEDLDataRate + MaxWLANDLDataRate).

Assuming the traditionally used 75ms RLC RTT and (Xwdelay + WLANTXQueueDelay) = 130ms in analogy with [2], the buffering need from Case 2 is greater than from Case 1 when MaxWLANDLDataRate is greater than
11/15 * MaxLTEDLDataRate, which may well be the case in practice.

Again, we think a case where the LTE branch of an LTE-WLAN split bearer is running at the maximum bit rate supported by the UE needs to be supported. Accordingly, the above MaxULDataRate and MaxLTEDLDataRate should be taken as those defined by the LTE UE (UL and DL, where applicable) category. 
To get some proportion for the requirements derived under Case 1 above (which, being independent of the WLAN-branch it rate, are easier to present), assuming as above the 75ms RLC RTT and (Xwdelay + WLANTXQueueDelay) = 130ms unless explicitly stated otherwise, the table below shows the following information beside numbers currently specified for split-bearer capable UEs in [1]: 
· Column E shows the L2 buffer-size requirement as derived under Case 1 above and under the numerical assumptions listed above;

· With otherwise the same numerical assumptions as in column E, column F shows the allowed Xw delay assuming the L2 buffer sizes currently specified;
· With otherwise the same numerical assumptions as in column E, column G shows the implied upper limit to the DL bits per TTI that can be continuously supported, assuming 30ms Xw delay, the L2 buffer sizes currently specified, and that the maximum UL bit rate as defined by the UE category is continuously supported.
Figures implying additional restrictions to current assumptions are highlighted in the table below.
Proposal 9: Based on the analysis in this contribution, RAN2 decide whether UEs supporting LWA should support larger L2 buffer sizes than those currently specified for split-bearer capable UEs.
	A)
UE DL Category
	B)
Maximum number of DL-SCH transport block bits received within a TTI
	C)
UE UL Category
	D)
[Total layer 2 buffer size [bytes]] With support for split bearers
	E)
From Case 1 above:
required L2 buffer with support for LTE-WLAN split bearers 
	F)
From Case 1 above:
Allowed Xw delay [ms] assuming currently specified L2 buffer (column D)
	G)
From Case 1 above:
Upper limit imposed to continuously supported DL bits per TTI (column B) assuming 30ms Xw delay and currently specified L2 buffer (column D)

	DL Category 0
	1000
	DL Category 0
	N/A
	
	
	

	DL Category 6
	301504
	UL Category 5
	6 000 000
	5,61E+06
	40
	3,26E+05

	DL Category 7
	301504
	UL Category 13
	6 700 000
	6,31E+06
	40
	3,25E+05

	DL Category 9
	452256
	UL Category 5
	7 400 000
	8,06E+06
	18
	4,12E+05

	DL Category 10
	452256
	UL Category 13
	8 100 000
	8,76E+06
	18
	4,11E+05

	DL Category 11
	603008
	UL Category 5
	11 300 000
	1,05E+07
	41
	6,52E+05

	DL Category 12
	603008
	UL Category 13
	12 000 000
	1,12E+07
	40
	6,51E+05

	DL Category 13
	391632
	UL Category 3
	7 300 000
	6,84E+06
	39
	4,20E+05

	DL Category 13
	391632
	UL Category 5
	7 600 000
	7,07E+06
	41
	4,24E+05

	DL Category 13
	391632
	UL Category 7
	7 800 000
	7,32E+06
	40
	4,21E+05

	DL Category 13
	391632
	UL Category 13
	8 300 000
	7,78E+06
	41
	4,24E+05

	DL Category 14
	3916560
	UL Category 8
	76 200 000
	7,77E+07
	27
	3,83E+06

	DL Category 15
	798800
	UL Category 3
	13 000 000
	1,35E+07
	25
	7,71E+05

	DL Category 15
	798800
	UL Category 5
	13 400 000
	1,37E+07
	27
	7,81E+05

	DL Category 15
	798800
	UL Category 7
	13 600 000
	1,39E+07
	27
	7,78E+05

	DL Category 15
	798800
	UL Category 13
	14 100 000
	1,44E+07
	27
	7,81E+05

	DL Category 16
	1051360
	UL Category 3
	17 000 000
	1,76E+07
	26
	1,02E+06

	DL Category 16
	1051360
	UL Category 5
	17 400 000
	1,78E+07
	27
	1,03E+06

	DL Category 16
	1051360
	UL Category 7
	17 600 000
	1,80E+07
	27
	1,02E+06

	DL Category 16
	1051360
	UL Category 13
	18 100 000
	1,85E+07
	27
	1,03E+06


3   Conclusions
In this document we discussed the basic UE capabilities for LWA and observed the following:

Observation 1: If UE supports LWA, it would likely support LWA regardless of band combination.

Observation 2: LWA may not be possible in all band combinations, e.g. in band combinations with IDC problems.

Observation 3: eNB needs to know in which WLAN carriers it can configure WLAN measurements for the UE together with the LWA configuration.

Based on these, we propose the following:

Proposal 1a: Discuss whether UE would typically support LWA in most band combinations, or only in few band combinations. 

Proposal 1b: In case LWA would typically be support in most band combinations, consider using signalling that indicates when LWA is not supported to optimize the signalling size.
Proposal 2: When indicating its WLAN frequency band capabilities, UE indicates a list of entries, with each entry consisting of operating class, country code and optionally the support channel numbers.

Proposal 3: Reuse the WLAN numerology used for UE capabilities also for measurement objects.
Proposal 4: RAN2 to discuss whether a UE supporting Rel-13 LWI shall always support Rel-12 WLAN IW. 

Proposal 5: All UEs supporting LWA or LWI shall support also HS2.0 specification.

Proposal 6: RAN2 to discuss whether all UEs supporting LWA would also support eNB-based authentication.

Proposal 7: In addition to the maximum number of DL PDCP SDUs per TTI as currently required by the LTE UE category, a UE supporting LWA shall support a rate of DL PDCP SDUs equal to its maximum supported WLAN bit rate [bps] divided by 6000 [bits per PDCP SDU].

Proposal 8: For the purpose of UE’s L2 buffer-size dimensioning, RAN2 needs to discuss whether LWA, similar to LTE dual connectivity, is subject to the requirement of supporting Xw latencies up to 30ms.

Proposal 9: Based on the analysis in this contribution, RAN2 decide whether UEs supporting LWA should support larger L2 buffer sizes than those currently specified for split-bearer capable UEs.
References

[1] 3GPP TS 36.306 User Equipment (UE) radio access capabilities
[2] R2-144921 Total layer-2 buffer size for split-bearer capable UEs – Nokia Networks, Nokia Corporation
[3] IEEE 802.11-2012 Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications
