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1 Introduction

A new work item to enhance Rel-13 LWA solution got approved in RAN#71 [1]. The core part of the WI includes five listed objectives as shown below.
The enhanced LWA (eLWA) builds on Rel-13 LWA framework without changes to the LWA architecture and thus supports WLAN nodes deployed and controlled by operators and their partners. The objectives of this work item are to specify the following additional features for LWA:

1. Uplink data transmission on WLAN, including uplink bearer switch and bearer split (RAN2)

2. Mobility optimizations, e.g. intra and inter eNB handover without WT change and improvements for Change of WT (RAN2, RAN3)

3. 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) (RAN2, RAN3)

4. Additional information collection and feedback e.g. for better estimation of available WLAN capacity (by additional signaling on both Uu and Xw) to improve LWA performance (RAN2, RAN3)

5. Automatic Neighbour Relation (ANR) for LWA e.g. for discovery of WLANs under eNB coverage (RAN3, RAN2)

In this contribution, we discuss the potential enhancements to support 60 GHz and increased data rates.
2 Discussion
In the justification part of the WID, the evolvement of IEEE 802.11 specification is mentioned as a reason to support enhancements for Rel-13 LWA for e.g. measurements and to PDCP. This part of the justification says:
Additionally, IEEE 802.11 specifications continue to evolve. IEEE 802.11 are working on 802.11ax which aims at increasing spectral efficiency in 2.4 and 5 GHz bands, in particular in dense deployments with a theoretical peak throughput up to 9.6Gbps and 1.6Gbps under more realistic conditions. In the millimetre wave band of 60 GHz, 802.11ad is a ratified amendment to 802.11 that defines a new physical layer for 802.11 networks and can offer up to 7Gbps throughputs. 802.11ay is in the process of enhancing 802.11ad and aims at improving mobility, range and providing data rates of at least 20Gbps. Even though LWA framework has been designed largely agnostic to 802.11 technologies, such increased data rates may require additional optimizations.

2.1 Support for IEEE 802.11 operating at 60GHz band

As discussed in RAN2#93bis, it is not clear which measurement metric is used as for WLANs at 60GHz. Further, as stated in [4], the accuracy requirements of WLAN beacon RSSI apply only for WLANs operating in frequency bands below 6GHz.  Consequently, RAN2 agreed to send LS to IEEE to ask about the measurement metrics and corresponding requirements with the following action [3]:

To IEEE 802.11 WG group:

ACTION: 
RAN2 respectfully asks IEEE 802.11 WG to:

- provide information on radio measurements and measurement requirements in the 60 GHz frequency band, and whether these are already defined or planned to be defined. 

- provide information on whether different measurement metrics are used in the 60 GHz band in comparison with lower frequency bands (< 6GHz). 

Even the measurements are defined as a separate RRC configuration, existence of the WLAN measurements are a rather essential component for the operation of LWA from network point of view. This can be seen also from the content of the current WID, where bullets 3, 4 and 5 all include potential measurement enhancements for eLWA. Particularly, there needs to be certain accuracy requirements for the measured and reported metrics such that network may compare and make decisions based on reported metrics. It is also relevant for setting the trigger conditions for the measurement events. 
Observation 1 Accuracy requirements for the measured and reported metrics are relevant for the LWA operation.

Proposal 1 RAN2 not to consider measurement support for 60GHz before IEEE informs there will be measurement requirements for 60GHz in Rel14 time frame. 
Regardless of the uncertainty of the measurement support for 60GHz, we may discuss the WLAN technologies operating at 60GHz. It is mentioned that IEEE 802.11ad and IEEE 802.11ay would be relevant amendments operating at 60GHz band for LWA and that 3GPP should specify support in Rel-14 eLWA considering these. Below we list a few aspects of relevance to more in detail be able to outline what improvements are necessary to address in 3GPP Release 14.
IEEE 802.11ad is an amendment to IEEE 802.11 targeting frequency bands around 60GHz, with bandwidths in excess of 2GHz and rates up to 7 Gb/s. Early work on .11ad listed a wide range of use cases, see, e.g., here for usage models contributions [2]. Nevertheless, moving on to certification in Wi-Fi alliance, focus seems to be on scenarios for in-room connectivity and mainly between devices. For example, we find in the description of the 802.11ad-based certification program in Wi-Fi Alliance [3]: 

Popular use cases for WiGig® include cable replacement for popular I/O and display extensions, wireless docking between devices like laptops and tablet, instant sync and backup and simultaneous streaming of multiple, ultra-high definition and 4K videos.
The listed use cases do not seem to coincide with the scenarios for LWA.
Observation 2 Use cases listed for 802.11ad do not seem relevant for the LWA operation.

IEEE 802.11ay is a new amendment currently under development, targeting the same frequency bands as 802.11ad and even higher rates (up to 20 Gb/s is mentioned) [5]. The use cases being discussed in connection to 802.11ay work are largely similar to what were discussed for 802.11ad, IEEE working document can be found in [6]. Mobile offloading is mentioned as being one use case and in particular from this perspective LWA may be more relevant in connection to 802.11ay than to 802.11ad. However, looking at the time plan for 802.11ay [7], it looks like the 802.11 amendment target Working Group approval no earlier than second half of 2019, which rather coincides with 3GPP Release 15 or even possibly 3GPP Release 16 time frame. Thus it does not seem urgent to consider support for 60GHz for eLWA due to IEEE 802.11ay in Release 14. 
Observation 3 As target Working Group approval for IEEE 802.11ay is planned no earlier than second half of 2019 it does not seem urgent to consider support for 60GHz for eLWA due to IEEE 802.11ay in Release 14.

Thus, we propose that we do not support for 60GHz for Rel-14 eLWA.
Proposal 2 RAN2 not to specify support for eLWA for 60GHz in Rel-14.
2.2 Support for higher data rates
One possible concern related to high bit rates can be PDCP sequence numbering. Obviously, it will be possible to control the rate and the PDCP buffering and sequence numbering by eNB for DL and UE for uplink. However, in order to fully utilize the high rate potential of WLAN, and in particular the rates for 802.11ax, it is good to investigate what rates current PDCP numbering can support, given reasonable assumptions on round-trip times. 

IEEE 802.11ax is a new amendment currently under development in IEEE 802.11. The 802.11ax targets increased performance in dense environments, adding features to IEEE 802.11 such as OFDMA and MU-MIMO in uplink and optional support for 1024 QAM. IEEE 802.11ax will be specified for operation between 1 and 6 GHz. IEEE 802.11ax Task Group worked with a specification framework document to describe the standards development, which can be found in [8]. Additionally, a draft specification text can be found in [9].
Assuming the maximum possible bandwidth and modulation and coding scheme, 160 MHz & MSC-11 (1024QAM, code rate 5/6) & GI=0.8micro seconds, the available data rate with single stream transmission will reach 1.2 GB/s and with 8 streams it may reach 9.6 Gb/s. Note that highest modulation 1024-QAM is optionally supported for IEEE 802.11ax.
The sequence number space may be evaluated by first calculating the needed buffer size by summing needed buffer for UL transmission, and needed buffer due to both DL paths, as in Release 13 [10]:

Buffer_size = MaxULDataRate_LTE*RTT_LTE + MaxDLDataRate_WLAN*RTT_WLAN + MaxDLDataRate_LTE * (RTT_WLAN + Xw delay + Queuing in WLAN node). 

We considered the following assumptions for the buffer size calculations: RTT_LTE = 75ms, RTT_WLAN = 10ms, maximum Xw delay = 30ms, maximum additional queuing in WLAN = 100ms. The L2 buffer size corresponds to half of the SN space, therefore, the buffer size is multiplied by two to get the SN space. Table in the Appendix shows the needed SN size assuming 1500byte per PDCP PDU.  Only the highest carrier aggregation UL/DL category combination together with eLWA would need one additional bit for the SN space to support the maximum WLAN data rate in IEEE 802.11ax.  
Observation 4 The 18 bit PDCP Sequence numbering seems to be sufficient also to adequately support IEEE 802.11ax rates.

Further, the time plan for 802.11ax indicates working group approval in January 2019. Thus, also for IEEE 802.11ax it seems that necessary changes to 3GPP LWA to better support IEE 802.11ax higher rates are not very urgent for 3GPP Release 14. 
3 Conclusion

Based on the discussion we have the following observations and proposals:
Observation 1
Accuracy requirements for the measured and reported metrics are relevant for the LWA operation.
Observation 2
Use cases listed for 802.11ad do not seem relevant for the LWA operation.
Observation 3
As target Working Group approval for IEEE 802.11ay is planned no earlier than second half of 2019 it does not seem urgent to consider support for 60GHz for eLWA due to IEEE 802.11ay in Release 14.
Observation 4
The 18 bit PDCP Sequence numbering seems to be sufficient also to adequately support IEEE 802.11ax rates.


Proposal 1
RAN2 not to consider measurement support for 60GHz before IEEE informs there will be measurement requirements for 60GHz in Rel14 time frame.
Proposal 2
RAN2 not to specify support for eLWA for 60GHz in Rel-14.
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5 Appendix

From TS 36.306, Table 4.1A-3: Examples of Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL for LWA assuming WLAN rate of 9.6Gbit/s respectively.

	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers
	With support of LWA split bearer

WLAN rate = 9,6Gbit/s
	SN needed

WLAN rate = 3000 Mbit/s
1500byte per PDU

	DL Category 0
	UL Category 0
	20 000
	N/A
	N/A
	N/A

	DL Category 6
	UL Category 5
	3 500 000
	6 000 000
	                            31 000 000 
	                                       13 

	DL Category 7
	UL Category 13
	4 200 000
	6 700 000
	                            31 000 000 
	                                       13 

	DL Category 9
	UL Category 5
	5 000 000
	7 400 000
	                            33 600 000 
	                                       14 

	DL Category 10
	UL Category 13
	5 700 000
	8 100 000
	                            33 600 000 
	                                       14 

	DL Category 11
	UL Category 5
	6 400 000
	11 300 000
	                            36 300 000 
	                                       14 

	DL Category 12
	UL Category 13
	7 100 000
	12 000 000
	                            36 300 000 
	                                       14 

	DL Category 13
	UL Category 3
	4 200 000
	7 300 000
	                            32 300 000 
	                                       13 

	DL Category 13
	UL Category 5
	4 400 000
	7 600 000
	                            32 600 000 
	                                       13 

	DL Category 13
	UL Category 7
	4 700 000
	7 800 000
	                            32 300 000 
	                                       13 

	DL Category 13
	UL Category 13
	5 100 000
	8 300 000
	                            32 600 000 
	                                       13 

	DL Category 14
	UL Category 8
	50 800 000
	76 200 000
	                            94 900 000 
	                                       17 

	DL Category 15
	UL Category 3
	8 000 000
	13 000 000
	                            39 500 000 
	                                       14 

	DL Category 15
	UL Category 5
	8 200 000
	13 400 000
	                            39 700 000 
	                                       14 

	DL Category 15
	UL Category 7
	8 500 000
	13 600 000
	                            39 500 000 
	                                       14 

	DL Category 15
	UL Category 13
	8 900 000
	14 100 000
	                            39 700 000 
	                                       14 

	DL Category 16
	UL Category 3
	10 000 000
	17 000 000
	                            43 900 000 
	                                       15 

	DL Category 16
	UL Category 5
	10 600 000
	17 400 000
	                            44 100 000 
	                                       15 

	DL Category 16
	UL Category 7
	10 800 000
	17 600 000
	                            43 900 000 
	                                       15 

	DL Category 16
	UL Category 13
	11 000 000
	18 100 000
	                            44 100 000 
	                                       15 

	DL Category 17
	UL Category 14
	330 000 000
	530 000 000
	                          465 100 000 
	                                       19 
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