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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
In papers submitted to RAN2#93bis, there was a mixture of feedback enhancement proposals for eLWA “operation” that is for eNB to decide when to configure LWA and potentially which APs to include in the mobility set and which bearer to reconfigure as LWA bearers and then to improve “eNB schedulings”. The latter may not refer to actual eNB LTE air interface schedulings as for those eNB considers only LTE air interface metrics as well as UE/bearer queue statistics and QoS. WLAN metrics would not affect to eNB air interface schedulings as the packet steering decision is done at PDCP level. Hence, the other objective to consider possible feedback enhancements is PDCP traffic steering. 

Observation 1 Feedback enhancements may be considered for two purposes: LWA operation such as start/stop/modify LWA configuration and PDCP traffic steering UL/DL(“eNB schedulings”) .

2.1  Feedback enhancements for start/stop/modify LWA configuration
In Rel-13 LWA, the eNB can decide when to start/stop/modify LWA operation based on e.g. RRM measurements received from the UE or based on Wx-AP status report. In addition to RSSI, eNB receives information on channel load from APs perspective, the available admission capacity (AAC) which tells capacity that the AP can likely offer to new UE, as well as backhaul rates. In addition, at Xw setup, there is per AP maximum throughput indication, which makes further proposals on WLAN bandwidth of maximum capacity redundant. What is missing is the load measured from UE’s perspective which may be considerably different than the load measured from APs perspective. The scenario is actually very similar to the LAA scenario.
For LAA, it was RAN2s understanding that the eNB can measure the amount of interference on a carrier and select a carrier which is relatively free from interference. But this will of course only reflect the interference from the eNB's point of view and does not consider hidden nodes. To be able to detect the actual interference in a channel it was introduced for LAA that the UE reports average RSSI and channel utilization for a channel. This allows the eNB to know that if a channel seems relatively free from interference, but the UE reports high channel utilization on that carrier, then a hidden node is present and performance will likely not be very good.
Similarly for LWA, the WLAN AP cannot detect hidden nodes and hence the BSS load will not reflect the presence of hidden nodes and for this purpose RAN2 can consider using the RSSI + channel utilization measurements introduced for LAA as a means to enhance LWA operation.

Proposal 1 RAN2 should consider allowing LWA UEs to report average RSSI and channel utilization as part of measurement configuration, as was introduced for LAA.
Another metric we should discuss is the Estimated Throughput, defined in [4] as:
	When an MLME-ESTIMATED-THROUGHPUT.request primitive(Ed) is received at the MLME, the

MLME can use the parameters provided in the primitive(Ed) plus the following information to create

estimates of throughput per access category to deliver to the SME in the EstimatedThroughputOutbound

parameter of the MLME-ESTIMATED-THROUGHPUT.confirm primitive(Ed):

· RSSI measured during reception(Ed) of Beacon or Probe Response frames transmitted by the STA that corresponds to the MAC entity with the MAC address equal to the PeerMACAddress in the MLME-ESTIMATED-THROUGHPUT.request primitive(Ed) to this STA

· Number of spatial streams that is expected to be supported on the link between this STA and the STA

· Channel bandwidth

· Estimated air fractional time(#7709)

· Block ack window size(#7709)




First of all, it should be beard in mind that the calculation of the estimated throughout is UE implementation specific. The calculation may use e.g. the listed parameters. Further, as can be seen, two of the elements listed are also UE specific estimations. The number of spatial streams expected to be supported by the UE is especially problematic as it does not take into account the channel quality of each of the streams which is affected by e.g. interstream interference [which varies dynamically depending on the combination of the right space(matrix V after singular value decomposition of WH=USigmaV) of equivalent channel (precoder W times the channel H) and the receiver type], channel gains [equivalent eigenvalues in matrix Sigma] as well as noise level and external interference. Further, the actual number of supported spatial streams also vary dynamically due to the factors listed.  
Observation 2 Calculation of the estimated throughput metric is UE implementation specific and is based on parameters which are further estimated by the UE in a UE specific manner. This means the estimated throughputs calculated by different UEs are not comparable and thus not useful.
We therefore propose:

Proposal 2 Do not consider estimated throughput for Rel-14 eLWA as it cannot provide useful calibrated information for the eNB.
2.2 Feedback enhancements for UL/DL PDCP traffic steering (“eNB schedulings”)
Here, we can discuss possible enhancements for PDCP feedback as eNb may control PDCP level traffic steering between LTE and WLAN for LWA. This applies to both UL and DL and as there is separate AI for UL we discuss all UL related issues there in  [2] and [3], which in particular targets the PDCP issues.
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 3 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 4 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.  

[image: image2.png]Bitmap

- From FMS+1

- Until highest
received —

- “1" for gray/blue
- “0” for white

Highest Highest

Highest transmitted  transmitted
received via LTE via WLAN
by WLAN

Highest received
by LTE RLON

Received
by LTE

Received
by LTE

Received
by WLAN

Last_Submitted_PDCP_RX_SN
(after reordering)




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 5 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. 
Proposal 3 Do not specify measures like WLAN maximum data rate, throughput or capacity.
3 Conclusion

Based on the discussion we have the following observations and proposals
Observation 1
Feedback enhancements may be considered for two purposes: LWA operation such as start/stop/modify LWA configuration and PDCP traffic steering UL/DL(“eNB schedulings”) .
Observation 2
Calculation of the estimated throughput metric is UE implementation specific and is based on parameters which are further estimated by the UE in a UE specific manner. This means the estimated throughputs calculated by different UEs are not comparable and thus not useful.
Observation 3
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 4
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 5
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.


Proposal 1
RAN2 should consider allowing LWA UEs to report average RSSI and channel utilization as part of measurement configuration, as was introduced for LAA.
Proposal 2
Do not consider estimated throughput for Rel-14 eLWA as it cannot provide useful calibrated information for the eNB.
Proposal 3
Do not specify measures like WLAN maximum data rate, throughput or capacity.
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