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Discussion and decision
Introduction

Work item on LTE-WLAN radio level integration and interworking enhancement [1] has achieved significant progress in RAN2. This contribution focuses on the remaining issues and provides our analysis.
Discussion
1.Whether to obey S-measure for WLAN measurement?
When the eNB wants to configure LTE/WLAN aggregation for one UE, the eNB needs to configure WLAN measurements [4] for the UE at first. After the UE sends measurement reports about WLAN APs, the eNB can configure LTE and WLAN aggregation for the UE.
According to the current specification, UE usually performs neighboring cells measurement on the frequencies and RATs indicated in the concerned measObject if S-measure is configured and PCell RSRP (after layer 3 filtering) is lower than S-measure. It is still unclear whether to obey this principle when WLAN measurement is configured for the UE. If this principle is reused, the UE can not detect WLAN APs close to PCell in time. Then the network can not make best use of the available WLAN resources to improve system throughput and realize traffic offloading.
Proposal 1: UE ignors S-measure when it performs WLAN measurements.
2. How to assure AMBR when LTE and WLAN aggregation is configured?

The UE Aggregate Maximum Bitrate (UE-AMBR) is applicable for all Non-GBR bearers per UE which is defined for the Downlink and the Uplink direction and provided by the MME to the eNB. The UE‑AMBR limits the aggregate bit rate that can be expected to be provided across all Non‑GBR bearers of a UE. The E‑UTRAN enforces the UE‑AMBR in uplink and downlink.
For UE configured with dual connectivity, MeNB splits UE-AMBR and sends SeNB AMBR to SeNB. SeNB should enfore SeNB AMBR in uplink and downlink for the UE.

For UE configured with LTE/WLAN aggregation, if there is at least one non-GBR bearer configured as split bearer or switched bearer, LTE and WLAN need to enfore AMBR for all non-GBR bearers. If the current mechanism in dual connectivity is reused, the serving eNB needs to split UE AMBR and sends WT AMBR to WT, which will enfore scheduling restriction on WLAN MAC layer. This is inconsistent with the requirement in RP-151114 to avoid IEEE 802.11 specification impacts. In fact, as PDCP entity of split bearer or switched bearer is always located in the serving eNB, PDCP layer is in charge of data rate to WT branch. PDCP entity can enfore aggregation bit rate restriction on split bearer or switched bearer when it sends downlink data to WT branch. So it is network implementation to satisfy UE AMBR. If LWA adaptation layer is located in the serving eNB, LWA adaptation layer also can realize this function.

Proposal 2: It is network implement in the eNB to enforce UE AMBR for split or switched non-GBR bearers.
3. How to assure radio configuration (such as DRB type modification) synchronization between WT and UE?
When the serving eNB coordinates with WT to configure WLAN resources for UE at first, the serving eNB utilizes WT addition procedure. After the UE receives the corresponding RRC connection reconfiguration message to know WLAN configuration, the UE performs WLAN association. Then the WT and UE realize the initial radio configuration synchronization.
Then the serving eNB may coordinate with WT to modify radio configuration for the UE, for example, the serving eNB may want to reconfigure one MCG bearer to split bearer, or setup one new switched bearer. The serving eNB can utilize WT modification procedure for this. After the serving eNB receives WT modification request acknowledge from WT, it sends RRC connection reconfiguration message to inform UE about new radio configuration (i.e. bearer type change, or setup new split bearer or switched bearer). Considered that the processing delay due to this reconfiguration message requires 20ms for UE, there is one period during which the UE and WT does not achieve synchronization for the new radio configuration. During this unsynchronization period, WT has known the bearer type change or new bearer, and it may send downlink data of this modified bearer or new bearer to the UE before the UE acquires the RRC connection reconfiguration message.
RAN2 dicussed this similar unsynchorization issue in dual connectivity and agreed to permit bearer type modification only during SCG change (Annex M in [5]). When SCG change is performed, UE performs random access procedure upon PSCell to reset L2. But in LTE/WLAN aggregation, no random access procedure is applicable between UE and WLAN to reset L2. Some enhancement may be necessary to deal with this problem, the following alternatives are considered:

Alternative 1: rely on network implementation. For example, when one MCG bearer is reconfigured to split bearer through WT modification procedure, PDCP layer or LWA adaptation layer will not send the downlink data of the split bearer to WT immediately after it receives WT modification request acknowledge. Only after the serving eNB has sent the corresponding reconfiguration message to the UE, the serving eNB starts to send downlink data of the split bearer to WT. This alternative may have negative impact on system throughput because it delays data transmission.
Alternative 2: restrict bearer type change only during WT addition procedure. This alternative can avoid the problem but it reduces the flexibility of the network. 
Alternative 3: enhance UE processing capability. This alternative has impact on specification. For example, if WT sends downlink data of new bearer to the UE before the UE acquires the RRC connection reconfiguration message to know this new bearer. The UE stores this data temporarily. After UE knows the new bearer from reconfiguration message, it begins to deal with the stored data (e.g. the PDCP entity to perform deciphering).
Proposal 3: RAN2 need to assure radio configuration (such as bearer type modification) synchronization between WT and UE during WT modification procedure.

4. Whether to optimize key refresh procedure?
For UE configured with LTE/WLAN aggregation, LTE should perform key refresh after a period to update KeNB. Before the key refresh, PDCP entity of split bearer or switched bearer sends WT with the PDUs ciphered by old security key. After the key refresh, the PDCP entity should send WT with PDUs ciphered by new security key. The WT may notice this change if different GTP tunnels between WT and LTE are used to transfer PDUs ciphered by different security keys. But UE and WT may not know the exact time when to switch data transmission from old security key to new security key. When the UE receives intra-cell handover command for the serving eNB, its WLAN branch may still buffer some undeciphered data associated with old security key.
One simple solution to avoid this problem is to release WLAN when key refresh is performed. After Key refresh is completed, the serving eNB can initiate WT addition procedure again. This solution not only needs many signalling consumption, but causes long interruption of user data especially for switched bearer and split bearer. If the UE can reserve WLAN branch during key refresh procedure, some enhancement may be needed. 
Proposal 4: RAN2 is requested to discuss whether to reserve WLAN branch for UE when key refresh is performed.
Conclusion

In this paper we discuss the remaining issues in LTE/WLAN aggregation and have made the following proposals:
Proposal 1: UE ignors S-measure when it performs WLAN measurements.

Proposal 2: It is network implement in the eNB to enforce UE AMBR for split or switched non-GBR bearers.
Proposal 3: RAN2 need to assure radio configuration (such as bearer type modification) synchronization between WT and UE during WT modification procedure.

Proposal 4: RAN2 is requested to discuss whether to reserve WLAN branch for UE when key refresh is performed.
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