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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 possible feedback optimizations for eLWA.
2 Discussion
The flow control feedback defined during Rel-13 enables a comprehensive collection of information on WLAN side both via network and from UE. In addition to PDCP SN feedback, the network side flow control reports status of the WLAN side buffers which helps eNB to determine how much packets it should send to WLAN side. In addition to that, we defined UE based feedback such that two types of PDCP status report formats may be polled or periodically configured, the legacy format and a new format.

The legacy PDCP report contains a field for first missing sequence (FSM) number which is set to the first missing PDCP SDU and a bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8. The bitmap indicates exactly which SN is still outstanding and which SN is already received. Selective retransmissions are enabled by the bitmap. If also in LWA selective retransmissions on PDCP level shall be introduced, the bitmap is required (or a list of missing SNs below a highest out of order received SN, but this could lead to higher overhead than the bitmap). These selective PDCP retransmissions can be done e.g. when a PDU was lost on WLAN. Recovering this gap by LTE PDCP can improve the end-user performance. 

In addition to the legacy format, UE can be configured to provide the new format which a light weight report containingt: FMS, highest received WLAN SN (HRW) and the count of missing SNs (CNP). With the FMS field the eNB knows how much data is in flight, i.e. in transmission and in reordering processes between eNB and UE PDCP. This information is required so that the eNB limits its transmissions and does not bring more than ½ PDCP SN space in flight. Furthermore, an average PDCP reception rate can be estimated by comparing how the FMS fields progresses between subsequent reports. Since also the RLC (LTE) reception rate is known in the eNB (based on RLC feedback), the eNB can estimate a WLAN reception rate as well. Similarly, the eNB can estimate the data in flight on WLAN link by knowing the last sent PDCP sequence number (data_sent), FMS and the number of packets in flight on LTE side based on RLC feedback with the following formula
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Both the total average data rate and the subsequent data rates on both LTE and WLAN links may be useful for the eNB for flow control and multipath scheduling (LTE or WLAN) of PDCP data. The HRW and CNP enable even more accurate estimation of the WLAN side data rate. 

Observation 1 The new PDCP status report contains all needed information for the eNB to do flow control, PDCP multipath scheduling, to avoid HFN-desynch, and to estimate the WLAN data rate.

Observation 2 The bitmap included in the legacy report contains additional information for the eNB to be able to carry out selective retransmission on PDCP level.

Figure 1 depicts the elements provided by the Rel-13 UE based feedback. It can be seen that the feedback we have now is extensive and as shown above it enables eNB to follow the instantaneous changes on WLAN data rate which is the most relevant information for efficient flow control together with WLAN side buffer status information received via Xw.  
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Figure 1: PDCP SN space (circle) with exemplary reception status; right/green part: successfully received and reordered PDCP PDUs; left part: reordering window (half-SN-space) with SNs received by WLAN (grey) and SNs received by LTE RLC (in-order delivered to PDCP, blue).

The WID suggested that there could be improvements for the feedback received from WLAN side for example by providing information on available WLAN capacity. From eNB perspective, the most crucial information for efficient LWA performance is exactly the instantaneous rate estimation which is well achieved by current means and which is essentially the same as WLAN throughput. By knowing WLAN maximum data rate, throughput or capacity does not improve the LWA efficiently as the achievable capacity and delay varies considerably depending on the channel access e.g. other use of the channel. 
Observation 3 By knowing WLAN maximum data rate, throughput or capacity does not improve the LWA efficiently as the achievable capacity and delay varies considerably depending on the channel access e.g. other use of the channel. 
3 Conclusion

Based on the discussion we have the following observations and proposals
Observation 1
The new PDCP status report contains all needed information for the eNB to do flow control, PDCP multipath scheduling, to avoid HFN-desynch, and to estimate the WLAN data rate.
Observation 2
The bitmap included in the legacy report contains additional information for the eNB to be able to carry out selective retransmission on PDCP level.
Observation 3
By knowing WLAN maximum data rate, throughput or capacity does not improve the LWA efficiently as the achievable capacity and delay varies considerably depending on the channel access e.g. other use of the channel.
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