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1 Introduction

One remaining issue of LWA is to define L2 buffer sizes. In RAN2#92, after the email discussion [1], the following agreements had been reached:
Agreements

1
For UEs that support split bearer, L2 buffer size requirement will be per existing LTE UE category.

2
FFS on applicable L2 buffer size values; separate capability for split bearer and switched bearer; new LWA UE categories.

3
RAN2 should agree to signalling WLAN MAC address in UE Capability reporting.

In this contribution we propose methodology and values for the L2 buffer sizes.

2 L2 buffer sizes
For LWA, the supported L2 buffer sizes are relevant for the eNB. With this information the eNB would limit its transmissions so that the L2 buffer of the UE is never overloaded. According to the agreement from RAN2#92, the eNB is informed by the L2 buffer sizes as indicated per LTE UE category.
In LWA, the aggregation point is at PDCP and assumptions on maximum supported WLAN data rate need to be done in order to dimension the UE’s L2 buffer, i.e. including PDCP reordering buffer size. It is noteworthy that for the L2 buffer dimensioning not only the assumed maximum WLAN data rate is relevant but also further metrics like LTE RTT, WLAN RTT, backhaul delay, queuing delay in WLAN node, and maximum LTE data rate. All these metrics should be considered when dimensioning the L2 buffer. A methodology to calculate L2 buffer sizes for DC had been proposed in [3]. In accordance to that, we propose also for LWA to calculate the L2 buffer sizes as follows:
Proposal 1 The minimum total LWA L2 buffer size for a UE is estimated by MaxULDataRate_LTE * RTT_LTE + MaxDLDataRate_WLAN * RTT_WLAN + MaxDLDataRate_LTE * (RTT_WLAN + Xw delay + Queuing in WLAN node). 
Proposal 2 To estimate the minimum total L2 buffer size for the UE, consider the following assumptions: RTT_LTE = 75ms, RTT_WLAN = 10ms, maximum Xw delay = 30ms, maximum additional queuing in WLAN = 100ms. 

The value for RTT_LTE, Xw and queuing delay are the same as assumed for the L2 buffer calculation for Dual Connectivity. We assumed RTT_WLAN as 10ms but not that in practice the value is typically much lower.

The maximum supported WLAN data rate depends on the UE’s supported IEEE 802.11 version and supported bandwidth/carriers and varies strongly among them. In the following table (example extension of Table 4.1A-3 from TS 36.306), we calculate L2 buffer sizes for two different WLAN data rate assumptions: 300Mbit/s and 3000Mbit/s, and compare the resulting L2 buffer sizes with the values specified for DC. We note that as per formula and assumptions above, the impact of the assumed WLAN data rate is considerable; however LTE data rate weighted with factor of Xw and WLAN queueing delay has a far stronger impact on the resulting L2 buffer sizes.
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 rates of 300Mbit/s and 3000Mbit/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 = 300 Mbit/s
	With support of LWA split bearer

WLAN rate = 3000 Mbit/s

	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
	6,400,000
	9,700,000

	DL Category 7
	UL Category 13
	4 200 000
	6 700 000
	6,400,000
	9,700,000

	DL Category 9
	UL Category 5
	5 000 000
	7 400 000
	9,000,000
	12,400,000

	DL Category 10
	UL Category 13
	5 700 000
	8 100 000
	9,000,000
	12,400,000

	DL Category 11
	UL Category 5
	6 400 000
	11 300 000
	11,600,000
	15,000,000

	DL Category 12
	UL Category 13
	7 100 000
	12 000 000
	11,600,000
	15,000,000

	DL Category 13
	UL Category 3
	4 200 000
	7 300 000
	7,700,000
	11,100,000

	DL Category 13
	UL Category 5
	4 400 000
	7 600 000
	7,900,000
	11,300,000

	DL Category 13
	UL Category 7
	4 700 000
	7 800 000
	7,700,000
	11,100,000

	DL Category 13
	UL Category 13
	5 100 000
	8 300 000
	7,900,000
	11,300,000

	DL Category 14
	UL Category 8
	50 800 000
	76 200 000
	70,300,000
	73,700,000

	DL Category 15
	UL Category 3
	8 000 000
	13 000 000
	14,800,000
	18,200,000

	DL Category 15
	UL Category 5
	8 200 000
	13 400 000
	15,100,000
	18,400,000

	DL Category 15
	UL Category 7
	8 500 000
	13 600 000
	14,800,000
	18,200,000

	DL Category 15
	UL Category 13
	8 900 000
	14 100 000
	15,100,000
	18,400,000

	DL Category 16
	UL Category 3
	10 000 000
	17 000 000
	19,300,000
	22,600,000

	DL Category 16
	UL Category 5
	10 600 000
	17 400 000
	19,500,000
	22,900,000

	DL Category 16
	UL Category 7
	10 800 000
	17 600 000
	19,300,000
	22,600,000

	DL Category 16
	UL Category 13
	11 000 000
	18 100 000
	19,500,000
	22,900,000

	DL Category 17
	UL Category 14
	330 000 000
	530 000 000
	440,400,000
	443,800,000


It becomes obvious that while the L2 buffer size values for an assumed WLAN rate of 300Mbit/s roughly match the L2 buffer size values for DC split bearers, for an assumed WLAN rate of 3000Mbit/s, somewhat higher L2 buffer size values would be required. We propose:
Proposal 3 RAN2 to discuss the maximum assumed WLAN bitrate for the purpose of LWA L2 buffer size calculation. 
3 Conclusion
Based on the discussion in the previous sections we make the following proposals:
Proposal 1
The minimum total LWA L2 buffer size for a UE is estimated by MaxULDataRate_LTE * RTT_LTE + MaxDLDataRate_WLAN * RTT_WLAN + MaxDLDataRate_LTE * (RTT_WLAN + Xw delay + Queuing in WLAN node).
Proposal 2
To estimate the minimum total L2 buffer size for the UE, consider the following assumptions: RTT_LTE = 75ms, RTT_WLAN = 10ms, maximum Xw delay = 30ms, maximum additional queuing in WLAN = 100ms.
Proposal 3
RAN2 to discuss the maximum assumed WLAN bitrate for the purpose of LWA L2 buffer size calculation.
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