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1
Introduction
The work item on enhanced LWA in RP-160563 has the following objectives:

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 focus on the first objective and discuss what is needed to specify uplink bearer split and switch for eLWA. 
2
Differences of bearer split and bearer switch
2.1
Uplink bearer split for eLWA
During Rel-13, both bearer split and bearer switch were discussed and standardized. Although from RRC configuration viewpoint the two are configured in the same manner, the support of DL bearer split was eventually defined as an additional UE capability. Hence, a UE supporting Rel-13 LWA always supports at least switched bearers in downlink, and may support split bearers in downlink. Further, UL is always transmitted over LTE in Rel-13 LWA.

Observation 1:  Downlink bearer split and downlink bearer switch are identical in RRC configuration for Rel-13 LWA.
Observation 2: Rel-13 LWA supports uplink transmissions only over LTE.

One of the primary objectives of eLWA WID is to standardize the possibility for using uplink also over WLAN in Rel-14. In general, the following questions can be considered:

· Are the LTE uplink transmissions affected by presence of WLAN uplink transmissions?

· Which combinations of UL/DL bearer switch/split supported - E.g. can UE indicate capability support DL bearer switch over WLAN but UL bearer split over LTE and WLAN?

· What happens when a UE configuration is changed so that e.g. bearer split is added or removed?

Hence, one of the obvious questions to ask is whether we should follow the same principles in UL as we had for DL: Same configuration for bearer split/switch, with additional rules how to handle the splitting with possibly different UE capabilities? Further, it can be asked whether it would make sense that a UE supporting Rel-14 LWA would always support DL bearer split. We think this would make sense to mitigate the capability fragmentation, and anyway a UE supporting UL bearer split could also benefit from supporting DL bearer split since data rates for both directions could be enhanced. 
Observation 3: Rel-14 LWA aims to support UL over WLAN, i.e. UL bearer switch and UL bearer split.

Proposal 1: UE supporting Rel-14 eLWA UL bearer split also supports LWA DL bearer split.
2.2
Bearer type reconfigurations 

One of the topics heavily discussed during the DC WID was the bearer type reconfigurations: Changing UE configuration so that e.g. MCG bearer would become SCG bearer, or vice versa. During that discussion, eventually RAN2 ended up disallowing two particular reconfigurations: Change from SCG bearer to split bearer, and vice versa. This was because the use case for such a case was not identified, and specifying such an option would have increased the specification complexity.

Similarly, in Rel-13 LWA there were only two options: LWA bearer (with uplink over LTE) or LTE (MCG) bearer. Therefore, there wasn’t a big need to discuss allowed bearer reconfiguration options. However, in Rel-14 there can be two additional options for uplink: Bearer split or bearer switch (over WLAN), as shown in Table 1.

Table 1. Bearer type configurations for eLWA

	Bearer configuration for UL/DL 
	Uplink configuration

	
	Bearer split
	Bearer switch (WLAN)
	Bearer switch (LTE)

	Downlink configuration
	Bearer split
	Possible for Rel-14 eLWA
	Supported in Rel-13 LWA

	
	LTE bearer
	
	Basic LTE


Hence, it is possible to have the following bearer configurations for eLWA: 

0a) LTE bearer in DL and UL (i.e. no LWA)

0b) Split DL, Switched UL (LTE) (i.e. Rel-13 LWA)

1) Split DL, Split UL
2) Split DL, Switched UL (WLAN)

3) LTE bearer in DL, Split UL

4) LTE bearer in DL, Switched UL (WLAN)

Therefore, there are 4 additional cases compared to Rel-13, so the number of possible bearer reconfiguration options increases quite a lot. However, if we only support the split UL configuration, at least the number of possible LWA bearer configurations is limited to two: Split DL + split UL/Switched UL(LTE). 
Proposal 2: Only support LWA split bearer configuration for Rel-14 eLWA UL.
The situation of bearer reconfigurations can also be generalized to three main use cases:

Case 1) Reconfigure LTE bearer as (any kind of) LWA bearer (i.e. add LWA resources to a bearer)

Case 2) Reconfigure (any kind of) LWA bearer to LTE bearer (i.e. release LWA resources of a bearer)

Case 3) Reconfigure UL of LWA bearer (i.e. reconfigure LWA resources of a bearer)

Case 1) and Case 2 have been mainly handled in Rel-13 already, with the Rel-14 addition being the possible uplink resources over WLAN. Case 3) is a new case potentially introduced by Rel-14 and similar to the DC case where the UL split is reconfigured. We consider this more in the next section.

Observation 4: Changing uplink configuration of LWA bearer is a new reconfiguration introduced by Rel-14.

2.3
Changing uplink configuration of LWA bearer 

In dual connectivity, a bearer modification involving change of uplink configuration of a split bearer (called often UL direction change) can be done without SCG change procedure, and the PDCP data recovery procedure is not needed since the underlying RLC entities can only be in the lossless AM mode, and neither is RLC entity re-established at the UL direction change. Instead, both the RLC entities remain in operation. 

An open issue for discussion still seems to me: When changing from LWA bearer (WLAN/Split) to LWA bearer (LTE), like in DC, does the WLAN branch still keep transmitting the pending PDUs for some time after the bearer type has been changed (like in DC)?
The answer to this question seems to determine whether the PDCP data-recovery procedure is applicable to UL direction change for an LWA bearer (with the necessary adaptation to the current consideration of RLC as the only lower-layer protocol):

5.9
PDCP Data Recovery procedure

When upper layers request a PDCP Data Recovery for a radio bearer, the UE shall:

<…>
-
perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers.
Proposal 3: When changing uplink configuration from WLAN to LTE for an LWA bearer, the WLAN branch keeps transmitting (only) the pending PDUs after the switch (like is done with UL direction change in LTE DC).
3
Control and user plane impacts for uplink over WLAN
3.1
RLM for UL over WLAN 

Rel-13 specified that UE is expected to do RLM for the WLAN link, but left unspecified how this would be done as it would be difficult to capture such details in the LTE specification. Since only DL was considered, the obvious question is whether the WLAN link monitoring should be applied also for the UL direction of WLAN? In LTE that is already done, since RLF may be triggered for the following (uplink-related) reasons:

· Maximum number of RLC retransmissions is reached for a RLC SDU (failure in re-transmissions due to link instability that is not detected by lower layers)

· Upon indication from MAC that maximum number of RA transmissions is reached (failure in random access either due to interference or uplink coverage)

Observation 5: LTE defines some RLF triggers due to uplink failure.

Although there is no RLC over WLAN, similar reasoning can be applied for WLAN uplink monitoring. For example, if the uplink of WLAN fails and uplink has been configured to be only routed over WLAN (i.e. uplink bearer switch for WLAN), the UE cannot send data to network for that bearer. Further, as with LTE, either DL or UL may fail, and in general it cannot be assumed that when one link direction fails, so does the other direction - There may be several reasons (e.g. link budget) why the WLAN UL fails while the UE is still able to receive DL of WLAN . Therefore, there has to be a way to determine that the WLAN link has failed due to UL.

Observation 6: It is not possible in general whether UL or DL link direction in WLAN fails first.

Observation 7: WLAN status reporting should be triggered when the WLAN uplink fails.

However, since the triggering of WLAN radio problems was left up to UE implementation, it seems the current specification already allows WLAN failure triggering due to UL, but doesn’t allow UE to indicate the failure cause is due to UL problems..

Observation 8: Current LWA specification already allows UE to trigger WLAN connection status reporting when UL over WLAN fails, but doesn’t allow UE to indicate the failure was due to uplink..

Nonetheless, it should be clarified whether the existing failure causes in WLAN status reporting clearly do cover also the UL failure cases.

Proposal 4: Extend WLAN status reporting to account for WLAN UL failures when configured with uplink over WLAN.

3.2
User plane impacts 

The user plane impacts of UL bearer split tend to be similar as those explored in dual connectivity. In particular, we think the following questions should be considered:

Q1: What’s the difference between bearer split and bearer switch configurations?

Q2: When does UE send BSR to eNB? Do we reuse the threshold-based BSR from DC for eLWA?

Q3: Can we assume that in the UE, LTE PDCP gets the indications of successful delivery from WLAN MAC?

Q4: How does eNB detect for which DRB the received packets belong to? Can we reuse the LWAAP used for downlink also for uplink?

If we start from the baseline of DC, we think the following way should be adopted:

Answer to Q1: Only split configuration is allowed, but other configuration options may determine UE should utilize UL bearer switch or UL bearer split. 

Answer to Q2: Just like with DC, a threshold value could control when the UE sends BSR to eNB and to request LTE UL resources. 
Answer to Q3: It would be beneficial to assume LTE PDCP can get local WLAN MAC ACKs at the UE, and therefore to know whether the PDU was sent successfully. However, a UE capability might be required for this. 
Answer to Q4: It should be relatively simple to reuse the LWAAP also for uplink packets transmitted over WLAN.
Based on these, we make the following proposals:

Proposal 5: Use threshold-based scheme from DC as baseline for sending BSR with eLWA.

Proposal 6: Capture in Stage-2 that LTE PDCP can get local WLAN MAC ACKs at the UE, and therefore knows whether the PDU was sent successfully. Discuss whether UE capability is required for this.
Proposal 7: Reuse the LWAAP (as defined in TS36.360) also for uplink packets sent over WLAN. A text proposal for capturing this is shown in R2-1635287.
3.3
Impacts to Stage-2 specification
Since in Rel-13 uplink was restricted only over LTE for LWA, it is clear that some modifications are required to the current TS36.300 to capture the support of uplink over LWA (either via bearer split or bearer switch).

Further, if LWAAP is reused for uplink packet identification it is clear this needs to be captured in both TS36.360 and TS36.300.

Proposal 8: Capture in TS36.300 that uplink over WLAN is allowed for LWA via either bearer split or bearer switch, and that LWAAP is used to identify the bearer for (uplink) packets sent over WLAN. A text proposal for this is shown in R2-163526.
4
Conclusions
We have observed the following: 
Observation 1:  Downlink bearer split and downlink bearer switch are identical in RRC configuration for Rel-13 LWA.
Observation 2: Rel-13 LWA supports uplink transmissions only over LTE.

Observation 3: Rel-14 LWA aims to support UL over WLAN, i.e. UL bearer switch and UL bearer split.

Observation 4: Changing uplink configuration of LWA bearer is a new reconfiguration introduced by Rel-14.

Observation 5: LTE defines some RLF triggers due to uplink failure.

Observation 6: It is not possible in general whether UL or DL link direction in WLAN fails first.

Observation 7: WLAN status reporting should be triggered when the WLAN uplink fails.

Observation 8: Current LWA specification already allows UE to trigger WLAN connection status reporting when UL over WLAN fails, but doesn’t allow UE to indicate the failure was due to uplink..

We have proposed the following:
Proposal 1: UE supporting Rel-14 eLWA UL bearer split also supports LWA DL bearer split.
Proposal 2: Only support split bearer configuration for Rel-14 eLWA UL.
Proposal 3: When changing uplink configuration from WLAN to LTE for an LWA bearer, the WLAN branch keeps transmitting (only) the pending PDUs after the switch (like is done with UL direction change in LTE DC).

Proposal 4: Extend WLAN status reporting to account for WLAN UL failures when configured with uplink over 

WLAN.

Proposal 5: Use threshold-based scheme from DC as baseline for sending BSR with eLWA.

Proposal 6: Capture in Stage-2 that LTE PDCP can get local WLAN MAC ACKs at the UE, and therefore knows whether the PDU was sent successfully. Discuss whether UE capability is required for this.
Proposal 7: Reuse the LWAAP (as defined in TS36.360) also for uplink packets sent over WLAN. A text proposal for capturing this is shown in R2-1635287.

Proposal 8: Capture in TS36.300 that uplink over WLAN is allowed for LWA via either bearer split or bearer switch, and that LWAAP is used to identify the bearer for (uplink) packets sent over WLAN. A text proposal for this is shown in R2-163526.

