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1 Introduction

A new work item to enhance Rel-13 LWA solution had been 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)

Details how UL could be configured and how to control the UL data path direction are discussed in [2]. In this contribution, we discuss the PDCP issues for eLWA UL.
2 Discussion

As there is RLC layer and more specifically RLC AM mode possible, LTE link may be seen as a lossless link due to the ARQ protocol at RLC layer. For continuous LTE only operation, there is no need to have PDCP retransmission. With LTE, PDCP retransmissions are only done at specific occasions, such as handovers and split bearer to nonsplit bearer transitions in DC. Essentially, retransmissions occur in the cases where the RLC entity is released which involves data loss on RLC.  
On WLAN, there is only MAC HARQ protocol, which may stop retransmissions after a number of failed attempts. Thus, on WLAN side, PDCP PDUs may be lost also during the normal operation in both UL and DL. In Rel-13, only DL traffic could be steered to WLAN and RAN2 specified flow control reports send from UE to eNB with the main motivation of eNB being able monitor rate on WLAN link and to avoid HFN desync.

Two different formats on flow control reports from UE to eNB were specified in Rel-13: 

· A legacy PDCP report that 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. 

· An LWA status report that contains: FMS (First Missing PDCP SN), HRW (Highest Received PDCP SN on WLAN), NMP (Number of Missing PDUs)

In UL, UE is responsible to avoid HFN desync and in legacy, single cell and DC, UE implementation should ensure that not more than half the PDCP SN space is in flight. We would like to confirm that assumption also apply for eLWA UL. How to exactly do that should be further considered by taking into account the WLAN RAT characteristics.
Proposal 1 RAN2 assumes that the UE should ensure that not more than half the PDCP SN space is in flight, as already captured in 36.323.
We would need to discuss further whether it can be left up to UE implementation. 
2.1.1 On PDCP status report for eLWA UL 
As mentioned, the use cases for the PDCP status reports are to avoid HFN desync which can be achieved by FMS and PDCP retransmission which can to some extend achieved by the bitmap. The LWA status report can mainly be used for rate estimation which is not that important in UL as the UE anyway cannot control the data rate on LTE side and it may readily estimate UL WLAN achieved rata rate. 

Observation 1 UE may not control LTE UL data rate and can readily estimate WLAN data rate thus there is no need for any PDCP feedback for this purpose.

As discussed above, when all UL packets are transmitted in LTE, UE could keep track on which packets are successfully delivered due to RLC layer. To have a similar opportunity also on the WLAN link in LWA, one way would be to add ARQ functionality to the Rel-13 LWAAP layer that could do retransmissions similar to LTE RLC layer. The ARQ on the LWAAP sublayer in the UE may be triggered by the lack of a WLAN MAC layer ACK. Such retransmissions could be timer based such that UE retransmits PDCP PDUs that are not ACKed by WLAN MAC layer within a timer configured by eNB. The downside of this is that it requires considerable updates to the LWAAP layer which is currently quite a simple layer. Further, then, all retransmissions, which essentially are PDCP retransmissions, would be automatic and only possible on WLAN link.

Observation 2 Adding ARQ functionality to LWAAP layer leads to automatic PDCP retransmissions which are only possible on WLAN link.

Proposal 2 Do not specify ARQ functionality to LWAAP layer.
Automatic PDCP retransmission over WLAN is in general not a very good idea as one should be able to somehow control that UE does not retransmit PDCP PDUs that eNB cannot anymore reorder (SNs that do not anymore belong to the current reordering buffer). In our view all PDCP retransmissions, if any, need to be eNB controlled and based on eNB request. The possible eNB requests could also contain the UL path for the retransmissions. For example, if the UL is on WLAN or it is split UL, eNB might want to have the PDCP retransmissions on LTE as there eNB could confirm the transmission resources. 

Observation 3 If RAN2 concludes that PDCP retransmissions are needed for UL, it should be per eNB request where eNB could indicate the UL path for the retransmissions.

The above considerations on UL path for retransmissions are highly correlated with the discussion in [2] on the fast switching. To indicate the uplink direction within a PDCP Control PDU, a flag could be used.

Due to lack of automatic PDCP retransmissions and the related ACK/NACK feedback some PDCP level feedback might be needed from eNB to UE to keep the HFN sync. As in DL, also in UL the FMS could be used for this purpose and is the only needed indication for this.

Observation 4 If it is not possible to ensure HFN desync by UE implementation, consider FMS feedback from eNB to UE to assist.

3 Conclusion

Based on the discussion we have the following observations and proposals
Observation 1
UE may not control LTE UL data rate and can readily estimate WLAN data rate thus there is no need for any PDCP feedback for this purpose.
Observation 2
Adding ARQ functionality to LWAAP layer leads to automatic PDCP retransmissions which are only possible on WLAN link.
Observation 3
If RAN2 concludes that PDCP retransmissions are needed for UL, it should be per eNB request where eNB could indicate the UL path for the retransmissions.
Observation 4
If it is not possible to ensure HFN desync by UE implementation, consider FMS feedback from eNB to UE to assist.


Proposal 1
RAN2 assumes that the UE should ensure that not more than half the PDCP SN space is in flight, as already captured in 36.323.
Proposal 2
Do not specify ARQ functionality to LWAAP layer.
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