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1. Introduction
The options on how to realize uplink transmission over WLAN have now been discussed during 2 meetings (RAN2#93bis and RAN2#94). So far, only the following conclusions have been reached:

RAN2#93bis conclusions:

Agreements

1: 
For Rel-14 LWA, UL PDCP PDU transmitted over WLAN is identified by using the same Ethertype value as that used in DL.

2
In Rel-14 LWA, multiple UL LWA bearers per UE on WLAN link should be supported.

3:
LWAAP layer is also used to support UL LWA bearer transfer for Rel-14 LWA.

4:
LTE buffer status information will not be reported over the WLAN link. 

5: 
It is proposed to adopt figure 3 as the updated overall protocol model for LWAAP in TS36.360 

NOTE: The agreement 5 refers to document R2-162183.

RAN2#94 conclusions:

Agreements

1
Only support split bearer type for Rel-14 eLWA UL.

2 
UE can be configured so that traffic on the UL split bearer can only be submitted for transmission on both, WLAN only or LTE only.

FFS whether we additionally have a threshold like mechanism, e.g. similar to DC.

=>  RAN2 will first discuss and agree on how uplink data will be transmitted for an LWA bearer on LTE and WLAN before discussing options for uplink direction.

=>  Sending a PDCP PDUs to WLAN is based on “some” eNB control without impacting existing WLAN MAC. (this eliminate full per packet eNB scheduling of WLAN and eliminates full UE implementation).

Further, the issue of whether it can be assumed that UE always has local information on WLAN MAC ACKs was also discussed but no conclusion could be reached yet. Hence, to attempt to progress the solutions, an email discussion was tasked to consider solutions for the UL transmission as well as for the MAC ACKs issue.
	[94#28][LTE/eLWA] UL transmission (Nokia)


Summarise solutions for UL transmission over UL split bearer, capture pros and cons, and company view. 


Also include discussion of whether WLAN MAC ACKs at the UE can be available to PDCP


Intended outcome: Email report to next meeting


Deadline: Thursday 04/08/2016


The deadline of the e-mail discussion is set to Thursday, 2016-08-04, 23:59 Pacific Time.
2 Uplink bearer split 

2.1 Solutions for uplink over WLAN: Buffer status reporting
The basic issue on buffer status reporting are listed below:

1) When does UE send BSR to LTE while configured with LWA UL bearer split? In particular, does UE send BSR even when configured with only WLAN UL?

2) What are the contents of the BSR (i.e. are any modifications to the legacy format(s) required? 

The companies are invited to fill in the responses to the questions below. 
	Company 
	Question 1: Does UE send BSR when only WLAN link is configured for uplink transmission?


	LG
	No.

	BlackBerry
	No.

	Telekom R&D Sdn Bhd
	No

	CATT
	The UE sends BSR only when it has UL traffic to be sent over LTE. No need for WLAN UL only case.

	Intel
	No. However, we note that whether to support switched bearer (i.e., only WLAN link is configured for uplink transmission) is not concluded yet.

	Broadcom
	No

	HTC
	No

	MediaTek
	No

	China Telecom
	No.

	KT
	No

	HW
	No.

	Samsung
	No

	Ericsson
	no

	Fujitsu 
	No. Fujitsu is wondering whether the case where only WLAN link is configured for UL transmission will be considered or not.

	Qualcomm
	No for the BSR triggered by DRBs whose uplink is WLAN only. For clarification, as in Rel-13, SRBs will always be on LTE and BSR for them will still be triggered and sent.

	ITRI
	No.

	TCL
	No.

On the question from companies on whether UL WLAN only can be configured, our understanding is yes given the Nanjing agreement “UE can be configured so that traffic on the UL split bearer can only be submitted for transmission on both, WLAN only or LTE only.”.

	Nokia, Alcatel-Lucent Shanghai Bell
	Data over WLAN doesn’t trigger the BSR, but BSR reporting works otherwise normally. It is up to eNB how to configure the BSR and LCGs, so in case BSR is triggered for other bearers in the same LCG, UE still includes the BSR for bearer mapped over WLAN as well. 


Summary: Clear majority of companies prefer that UL data over WLAN doesn’t trigger BSR. 

	Company 
	Question 2: What does UE report in the BSR when it is configured for uplink transmission over WLAN?


	LG
	BS = Zero

	BlackBerry
	We assume the question is for bearer mapped *only* over WLAN. We think that the logical channel mapped only to WLAN shall not be used for evaluating the BSR triggering conditions. Then, we wonder if the BSR for the corresponding logical channel should at all be included. 

	Telekom R&D Sdn Bhd
	Assuming that LWA bearer only mapped to WLAN, there is no need to trigger the BSR on LTE link if UL data is only transmitted over WLAN.

	CATT
	The UE autonomously (a max and min boundry may be applied followed by eNB signal) dertermines the traffic splitting over WLAN and LTE, and only reports the volume of traffic to be sent over LTE using legacy BSR format.

	Intel
	Assuming this question is for bearer mapped only over WLAN and further assuming UL switched bearer is to be supported which is currently TBD: there is no need to trigger or report BSR for bearer mapped to WLAN only. 

For split bearer: UE reports total PDCP and RLC data that is not already sent or decided to be sent via WLAN. 

	Broadcom
	Same as Blackberry.

	HTC
	UE does not report the BS related to the traffic mapped to WLAN.

	MediaTek
	Agree with other companies that nothing needs to be reported when data is only sent over WLAN.

	China Telecom
	For LWA bearer only mapped to WLAN, no BSR is reported. 

	KT
	There is no need to trigger or report BSR for bearer mapped to WLAN only uplink transmission.

	HW
	Agree with BlackBerry. If bearer is only mapped to WLAN, there is no need to trigger BSR. If UE transmits on both LTE and WLAN link, UE triggers BSR using exsiting rules and calculates BSR based on the total PDCP data amount to be sent on both links.

	Samsung
	No BSR is triggered assuming the bearer is WLAN-only for UL.

	Ericsson
	If UL only on WLAN, no BSR is triggered.

	Fujitsu 
	As agreed, only split bearer over both LTE and WLAN is supported. According to existing UE behavior, BSR will be calculated based on the total available data no matter whether it will be transmitted via LTE or WLAN.

	Qualcomm
	Also agree that the UE should not trigger BSR and report for the logical channels whose uplink is configured for WLAN only.

	ITRI
	When the LWA bearer is only mapped to WLAN, it does not need to trigger BSR.

When the LWA bearer is not only mapped to WLAN, it should only report the traffic volume that will be sent over LTE. The legacy BSR format may be reused.

	TCL
	Agree with previous comments that when uplink transmission is over WLAN only, BSR shall not be used to request resources to WLAN.

	Nokia, Alcatel-Lucent Shanghai Bell
	In case UE reports BSR for LCG that is mapped to bearer with UL over WLAN, the UE shall report the full amount of data in the buffer regardless of how the UL is configured.


Summary: Clear majority of companies prefer that UL data over WLAN doesn’t trigger BSR. Unclear whether the WLAN data in PDCP buffer is counted or not (see next question). 

After the above questions have been answered, companies are also invited to fill in the pros and cons of their proposals to the table below. Note that it would be preferable if the different options can be converged to as few entries as possible to assess whether certain options have more support than others.

	Company 
	BSR for uplink split over WLAN


	
	Pros and cons of the solution

	LG
	For each PDCP SDU, the UE decides the UL direction to transmit upon reception from upper layer. The UE reports BSR for the PDCP SDUs that are decided to be transmitted to LTE.


	BlackBerry
	If the bearer is configured to be transmitted both on LTE and WLAN, then BSR may be triggered and sent to eNB using existing BSR rules based on the data in PDCP and LTE RLC buffer. Note that there is not much buffering in WLAN stack anyway and hence we don’t see the need to optimise the BSR procedure for handling the packets in flight over WLAN stack. 

	Telekom R&D Sdn Bhd
	The exisiting BSR rules are obeyed if either part or all of the UL data is transmitted over the LTE. The buffer size is calculated as total amount of PDCP data to be sent over the LTE.

	CATT
	We think there is no need to introduce new BSR format to include traffic information over WLAN. Legacy BSR format could be used to report traffic volume only over LTE link based on full UE decision. 
This is simple but effective, and does not have any specification impacts, and most important, from UE side, UE can obtain accurate and plenty real-time metrics on both WLAN and LTE link, while some of the WLAN metrics cannot be accessed by eNB (with the usage of mobility set).

	Intel
	Assuming UE controlled splitting: The existing BSR triggering and reporting methods to be obeyed for the queued PDCP and RLC UL data not already assigned to WLAN; UE reports total PDCP and RLC data excluding the data that is already sent or decided to be sent via the WLAN.

Assuming Network controlled or Network assisted splitting (as discussed below), it may be beneficial for the network to be able to differentiate between the LTE-only bearer vs LWA bearers. As there is currently no method to make this differentiation, introducing new BSR formats can be helpful to the network.

	Broadcom
	We consider the case of bearer split in which data on the UL may be sent over both LTE and WLAN. In this scenario sending BSR for the UL transmissions of data over WLAN can only reduce the overall utilization of the WLAN resources due to the latency required by the UE-eNB signalling exchange. Furthermore as Blackberry pointed out there is not much buffering in WLAN stack anyway and therefore such a scheme only complicates the overall design without clear benefits. The UE only reports BSR for data that is to be transmitted over LTE radio only.

	HTC
	The eNB configures a threshold for uplink split. If the amount of eLWA UL data is below the threshold, the UE transmits the data over WLAN. If the data available for transmission is larger than or equal to the threshold, the UE transmits the data excessing the threshold to LTE while the rest is transmitted over WLAN. The UE reports BSR for the PDCP SDUs to be transmitted to LTE.

	MediaTek
	We think that DC-like mechanism to achieve uplink split is suitable for uplink LWA as well.

	China Telecom
	For LWA bearer mapped to both WLAN and LTE, the BSR should be based on the amount of data expected to be transmitted over LTE link only. The existing BRS format can be resused. 

	HW
	In currenet specification, it is stated that, for the purpose of MAC buffer status reporting, the UE shall consider PDCP Control PDUs, as well as the following as data available for transmission in the PDCP layer:

For SDUs for which no PDU has been submitted to lower layers:

· the SDU itself, if the SDU has not yet been processed by PDCP, or

· the PDU if the SDU has been processed by PDCP.

To be aligned with current specification, it is reasonable to report the whole PDCP data amount in BSR since data over WLAN should also be processed in PDCP. 

	Samsung
	Similar view to Huawei. We assume the overallocation problem would not be severe (as it happens only at the last transmission; also discussed in Rel-13 eDC), and prefer having the simplest solution: to report the full buffer size. Then, the solution would be as follows:

· UL direction (like ul-DataSplitDRB-ViaSCG-r12 for DC) is configured.
· If the direction is set to 'WLAN-only', PDCP does NOT indicate the data available to MAC.
· If the direction is set to either 'LTE-only' or 'both', PDCP indicates the data available to MAC: BSR would be full buffer status.

Even though RAN2 introduces threshold-based approach as in Rel-13 eDC, UE behavior would be same (i.e. UE always reports full buffer status.) if the direction is set to either 'LTE only' or 'both'.

	Ericsson
	BSR reported for the split buffer. We consider “split buffer” to the PDCP packets that may be transmitted to LTE or WLAN.  Packets that are “sent or decided to be sent on WLAN” are packets that are “pushed to WLAN” and no longer in split buffer. With this definition, it seems most previous replies are aligned as split buffer is whole PDCP buffer and “packets to be transmitted to WLAN” are packets that have left the split buffer to be sent to WLAN. 

	Fujitsu 
	BSR will be calculated based on the total available data no matter whether it will be transmitted via LTE or WLAN.

It is aligned with the existing UE behavior and the existing buffer size calculation and BSR format can be reused.

	Qualcomm
	For the bearers with split uplink, even though using the existing procedure of reporting all available PDCP data in the BSR is the simplest and has the least specification impact, it can lead to over-scheduling when the stored data is transmitted on WLAN before the LTE grant is received. To alleviate this, the simplest option is to leave the amount of data to be included in the BSR to the UE which has a better view and control of the WLAN transmissions. Based on on the expected WLAN link quality, the UE can exclude the data which is to be transmitted via WLAN until the LTE grant is received in the BSR. The RLC data available for transmission should always be included in the BSR.

	ITRI
	We think the exsiting BSR scheme could be reused and it should only report the traffic that will be sent over LTE. The benefit of this scheme is simple and less spec. impact.

	TCL
	Agree with Ericsson that data already pushed to WLAN shall not be considered in the BSR.

	Nokia, Alcatel-Lucent Shanghai Bell

	When BSR is triggered for LCG, there is no chance to existing mechanism: UE reports all available data for the LCG.


Summary: Clear majority of companies prefer to have existing BSR mechanisms unchanged. Slight minority (7 companies) prefer that all data in buffer (including the data sent over WLAN) is reported in WLAN, whereas slight majority (9 companies) think only data to be sent over LTE should be counted.

Recommendation 1: Following the majority views, the BSR mechanism for eLWA should work as follows:

· If the UL of a bearer is configured over WLAN only, that bearer will never trigger BSR.

· Only data that may be sent over LTE is counted towards the BSR (when sent) 

2.2 Solutions for uplink over WLAN: Data transmission uplink split

Besides BSR, it needs to be defined how UE sends data towards UL when configured for LWA UL bearer split. In particular:

1) Does eNB control how much data is sent over WLAN and LTE?

2) Is a DC-like threshold-based scheme used for splitting data over the UL?

The companies are invited to fill in the responses to the questions below. 

	Company 
	Question 3: What kind of control does eNB have over uplink data transmission with UL split bearer for LWA?


	LG
	The eNB may provide split ratio information for the UL LWA bearer. However, we think the split ratio should not be a strict rule but just a loose guideline. The UE takes the split ratio into consideration when it decides the UL direction for PDCP SDUs, but the actual method can be left for UE implementation. 

	BlackBerry
	Our preference is to not signal the split ratio at all. We agree with LG that split ratio can in anycase be only be used as a guideline. Note that unlike LTE DC, the WLAN UL is “always ON”. Hence, the UE will be transmitting over the WLAN link as long as the bearer is configured to be transmitted over WLAN (there is no scheduling grant mechanism unlike LTE). So, in our view, it should then be totally up to eNB implementation when to send an UL grant over LTE. i.e. if the UE receives an UL grant over LTE, it simply transmits data over LTE and if not it continues transmission over WLAN. A threshold (if any) can simply be implemented at the eNB (to decide when to send UL grants over LTE) and such a threshold is not needed at the UE. 

	Telekom R&D Sdn Bhd
	In our view, the eNB should apply some limited control on WLAN transmission. Thus, the DC-like threshold-based scheme should be a preferred option and the scheme is mentioned in Option 1 at [1], Proposal 2 at [2], Proposal 2 and 3 at [3] and Proposal 2 of [4].

	CATT
	We think actually UE can fully autonomously control the traffic splitting based on the metrics obtainted at UE side for LTE and WLAN, which is simple and effective enough.

But additional max and min boudries for UE’s traffic splitting over WLAN link may apply based on eNB signal. The boudry values could be adjusted by eNB on a large time scale.

	Intel
	UE controlled split mechanism is the preferred option. This is because WLAN channel conditions may change rapidly. However, some level of eNB control may be considered, but should be justified. As LG and CATT have mentioned, if a split ratio is agreed to be signalled, the ratio should not be a strict rule but a loose guideline applicable over a certain time window.

	Broadcom
	We also agree that a UE controlled mechanism is the preferred option. We agree with Blackberry’s observation that the LWA scenario is not similar with the LTE DC and the difference is that the WLAN UL is “always ON”. From this perspective using the BSR procedure for data to be sent over WLAN can only be a limiting factor for the volume of data that may be accommodated over WLAN. Only data that is to be sent over the LTE radio is controlled by the eNB through the UL grants mechanism.

	HTC
	The eNB configures a threshold for uplink split. If the data available for transmission is below the threshold, the UE transmits the data over WLAN. If the data available for transmission is larger than or equal to the threshold, the UE will transmit the data excessing the threshold to LTE while the rest is transmitted over WLAN.

	MediaTek
	We believe that a DC like threshold based approach provides a good balance between network control and UE implementation flexibility. Similar to DC, such an approach also allows for the case when no threshold is configured (i.e., the eNB decides whether all packets are transmitted via LTE or WLAN).

	China Telecom
	The eNB provides threshold of data amount for UE to decide when to trigger traffic split, while UE is in charge of the split ratio between LTE and WLAN. 

	KT
	Agree with LG.

	HW
	The eNB should control the transmission direction by configuring the threshold and the UL direction (e.g. ul-DataSplitDRB-viaWLAN) using DC-like threshold-based scheme. In addition, PDCP PDUs should be delivered to LTE/WLAN lower layers upon generated and the eNB determines and informs UE the uplink split ratio. When data amount exceeds the threshold, UE transmits data on both links according to the split ratio. 

	Samsung
	Question is a bit confusing since in our understanding, the DC threshold does not determine how/ how much UE sends data towards UL (which seems implied by the question). I.e. threshold only influences BSR reporting.
We think the threshold-based scheme may not be required, but it would be good if eNB can control the max or average UL rate that the UE could use on WLAN (by considering e.g. UL buffer size in eNB).

	Ericsson
	One aspect that has not been discussed is that the DL and UL traffic on the LWA bearer will compete on the same WLAN airinterface resources via LBT. Another issue is that UE should not push data to WLAN lower layers (same as data sent or decided to be sent over WLAN) too much/too early if it cannot be guaranteed that there are transmission resources. Additionally, UE needs to guarantee that no more than half the PDCP SN space is in flight. For a split UL it is possible to design the system such that the mentioned issues are minimized by using similar threshold based scheme as for dual connectivity.  There should be a possibility to configure the UL as follows: configure first buffer based threshold such that if there is less data, all is sent to WLAN and no BSR is sent at all. If there is more data than this first threshold, UE sends BSR(calculated as in legacy, whole buffer) and all data is directed to LTE.  Second threshold is configured as in DC and and UE is able to send to both WLAN and LTE taking into account the above mentioned limitations. BSR is sent to LTE and it takes into account all data in PDCP split buffer. 

	Fujitsu 
	We believe that eNB control for UL data transmission over WLAN is needed considering:

· eNB control over DL data transmission in WLAN cannot be totally achieved if there is no eNB control over UL transmission in WLAN. Actually, the resource in WLAN is time multiplexed between uplink and downlink. In the extreme case, the UE sends UL data over WLAN all the time, there is almost no resource that can be used for DL data transmission
· over-scheduling issue
· UL traffic switching from WLAN to LTE needs eNB control
If eNB control is justified, we think that ratio based mechanism can be introduced.

	Qualcomm
	The methods to control WiFi transmissions should be justified based on its benefits. One such goal could be for the eNB to limit the amount of total uplink data arrival from the UE (e.g. for dimensioning PDCP reordering buffer). This can justify to have a maximum transmission rate for the WiFi link. It is very difficult for the eNB to estimate the short-term variations in WiFi link quality; therefore using static thresholds as well as split-ratios will result in under-utilization of the system. 

	ITRI
	When only WLAN link is configured for uplink transmission, UE doesn’t send BSR.

If a threshold-based approach is further configured with only WLAN link, UE transmits the data over WLAN. And, UE doesn’t send BSR if the data available for transmission is below a threshold.

If the data available for transmission is over a threshold, UE will be triggered to send BSR. How UE splits data volumn over WLAN or LTE may be left to be UE implementation. In addition, transmission over LTE is controlled by eNB via UL grant.

	TCL
	Since RAN2 Nanjing agreed to have “some” eNB control. 

The eNB can control the amount of resources to be offloaded to WLAN.

	Nokia, Alcatel-Lucent Shanghai Bell
	We think the DC threshold-based scheme should be used for simplicity – restricting UE from not sending certain ratio over either link will is sub-optimal, as was already discussed many times during the DC work. The threshold-based reporting also allows good flexibility for network to control how data is split while leaving enough freedom for UE.


Summary: Slight majority of companies prefer to use DC threshold-based mechanism to control the uplink split. Substantial minority (5 companies) would like to use a split ratio, with some 4 companies favoring some form of average/min/max ratio and 2 companies favoring full UE control.

	Company 
	Question 4: Is a DC-like threshold-based scheme used for LWA UL split bearer transmission?


	LG
	As per our method, the UE decides the UL direction to transmit for each PDCP SDU upon reception from upper layer. As the UL direction is decided upon reception, the DC-like threshold-based scheme (i.e. UL direction is decided when the UL grant is received) is not needed. 


	BlackBerry
	We agree with LG. Also given that WLAN link operates without an UL grant, we don’t see the need to have a UE based threshold for splitting data. 

	Telekom R&D Sdn Bhd
	Yes, a DC-like threshold-based scheme.

	CATT
	Yes, such threshold should be used. The UE starts traffic splitting only when data volume is above the threshold. It is not efficient to split small data UL traffic. Also note that we have ruled out “full UE implemention” option during RAN2#94. So at least such threshold is needed.

	Intel
	Agree with LG and BlackBerry. As mentioned above, UE controlled scheduling is the preferred approach and do not see a need for such threshold.

	Broadcom
	A DC-like-threshold-based scheme shall not be used for LWA UL split bearer transmission.

	HTC
	Yes, basically. But different from DC that ul-DataSplitDRB-ViaSCG is used to control the direction when the data available for transmission is below the threshold, it is suggested that the data is sent over WLAN for the purpose of offloading. 

	MediaTek
	Yes

	China Telecom
	Yes.

	KT
	Agree with LG, BlackBerry and LG.

	HW
	Yes, we prefer a DC-like threshold based mechanism. And eNB provides the uplink split ratio. 

	Samsung
	No

	Ericsson
	yes

	Fujitsu 
	We have no strong preference.

	Qualcomm
	The threshold mechanism was introduced in DC to reduce the scheduling signalling overhead for small data. As WiFi transmissions are not scheduled, this mechanism does not have the same validity for LWA. For small amount of data, if the WiFi link is good, it would be a waste of LTE resources to always use LTE link; on the other hand, if the WiFi link is always used for small data but its link quality isbad, the UE may have to wait for a long time to transmit that data. For any threshold mechanism to work efficiently, the eNB will have to adjust it often based on dynamic channel conditions. If the decision of how much to transmit is left to the UE as proposed above, no such configuration is needed.

	ITRI
	Yes.

	TCL
	We agree with CATT on the ruling out of “full UE implemention” in RAN2. So some mechanism is needed for the eNB to control LWA UL split bearer transmission. 

It seems to us that the threshold network based approach is the most simple from UE implementation point of view. 
We are not sure of the benefits brought by the additional ratio based mechanism.

	Nokia, Alcatel-Lucent Shanghai Bell
	Yes, we think the DC-like threshold mechanism works well also here. 


Summary: Slight majority of companies (10 companies) prefer to use DC threshold-based mechanism, whereas slight minority of companies (7 companies) do not think it’s useful.

	Company 
	Question 5: In case threshold-based scheme should be used, are some modifications required to the baseline DC functionality?


	LG
	If threshold-based scheme is used for LWA, we want to keep the exactly same scheme used for DC.

	BlackBerry
	We don’t think DC like threshold based splitting makes sense for LWA. 

	Telekom R&D Sdn Bhd
	No.

	CATT
	No

	Intel
	Our preference is to have UE controlled split mechanism and do not see a need for such threshold.

	Broadcom
	Agree with Blackberry.

	HTC
	Different from DC that ul-DataSplitDRB-ViaSCG is used to control the direction when the data available for transmission is below the threshold, it is suggested that the data is sent over WLAN for the purpose of offloading.

	MediaTek
	No, Agree with LG , Telekom R&D Sdn Bhd, and CATT.

	China Telecom
	No.

	KT
	No.

	HW
	Yes, besides the threshold and the UL direction (e.g. ul-DataSplitDRB-viaWLAN), eNB needs to determine and inform UE the uplink split ratio.  

	Samsung
	The threshold-based scheme is not needed.

	Ericsson
	Yes, in order to dimished the issue of UL and DL packets of the same bearer to compete on same transmission resources, it should be possible to configure the UL as follows: configure first buffer based threshold such that if there is less data, all is sent to WLAN and no BSR is sent at all. If there is more data than this first threshold, UE sends BSR(calculated as in legacy, whole buffer) and all data is directed to LTE.  Second thershold is configured as in DC and and UE is able to send to both WLAN and LTE taking into account the above mentioned limitations. BSR is sent to LTE and it takes into account all data in PDCP split buffer. The reason why this middle mode “LTE only” is needed is that when eNB gets BSR of that LCG and it sees the buffer level is LTE only, it may prioritize UL resources. When it is “split mode”, eNB might prioritize other UEs.

	Fujitsu 
	If the threshold-based mechanism is reused, eNB will provide the uplink ratio together.

	Qualcom
	No. Agree with Mediatek and others.

	ITRI
	No.

	Nokia, Alcatel-Lucent Shanghai Bell
	Some changes are needed but the baseline functionality is the same: eNB determines the primary link for UL, and while buffer is below the threshold the UE shall only send UL towards the chosen link. Once the buffer exceeds the threshold, UE can choose how to divide the data between the links.


Summary: Majority of companies (8 companies) think that if the threshold-based scheme is used, no modifications are needed. Some modifications are needed according to minority (=5) companies.
	Company 
	Question 6: In case threshold-based scheme should not be used, how should the data transmission over uplink be accomplished?


	LG
	For each PDCP SDU, the UE decides the UL direction to transmit upon reception from upper layer. The UE transmits the PDCP SDU only to the direction already decided.



	BlackBerry
	UE transmits over LTE UL whenever there is an UL grant from the eNB. Also, UE’s transmission over WLAN continues as per usual procedures. As LG proposed, the decision on where to send each PDCP SDU is left to UE implementation and we agree that UE transmits the PDCP SDU only to the direction already decided. 

	CATT
	The UE starts traffic splitting/offloading only when data volume is above the threshold.

	Intel
	Agree with LG. The UE decides the UL direction for each PDCP SDU upon reception from upper layer and transmits to the direction already decided. 

	Broadcom
	It is UE implementation. For example, as indicated earlier the WLAN is always ON. Data may be sent over WLAN at any moment up to the capacity of the WLAN link. BSR procedure may be triggered only in the context that spikes of UL data need to be accommodated. In this case the overflow data may be accommodated over the LTE access once an UL grant has been allocated to the UE. 

	HTC
	In case threshold-based scheme is not used, it may be up to UE’s implementation to choose the direction of uplink and information such as BSS (basic service set) load metrics can be considered for example. If LTE is preferred for certain amount of data under specific BSS load, those data available for transmission should be reported in the BSR. 

	MediaTek
	The alternative to threshold based scheme appears to be leaving it completely to UE implementation, subject to some “splitting ratio” constraints configured by the eNB. We believe that such an approach requires careful characterization of performance gain (over existing DC mechanism) before it can be agreed.

	China Telecom
	If threshold-based scheme is not used, agree with other companies that it is up to UE implementation.

	KT
	The UE decides the UL direction for each PDCP SDU upon reception from upper layer and transmits to the direction already decided. The eNB may provide split ratio information .

	Samsung
	It can be left to UE implementation, and eNB may need to control max/ average UL rate over WLAN.

	Ericsson
	Is the question specific to slit UL or UL in general? In general, eNB should be able to configure the UL direction LTE/WLAN/split. If UL is configured to WLAN only or in split mode UE should not not push data to WLAN lower layers (same as data sent or decided to be sent over WLAN) too much/too early if it cannot be guaranteed that there are transmission resources. Additionally, as in legacy, UE needs to guarantee that no more than half the PDCP SN space is in flight.

	Fujitsu 
	The ratio of the traffic between WLAN and LTE will be configured by the eNB. The UE transmits the UL data based on the ratio.

	Qualcomm
	The UE decides which PDUs to transmit on LTE or WiFi taking into account the LTE UL grant.

	ITRI
	It should be up to UE implementation, when the threshold-based scheme is not used.

	Nokia, Alcatel-Lucent Shanghai Bell
	Once the buffer exceeds the given threshold value, UE chooses how to split the data. This allows UE to freely utilize the WLAN link as much as possible while still retaining the LTE as the fallback access, while retaining network control as for when to allow the UL split.


Summary: Majority of companies (16 companies) prefer to let UE control how to do the split if threshold is not used.

After the above questions have been answered, companies are also invited to fill in the pros and cons of their proposals to the table below. Note that it would be preferable if the different options can be converged to as few entries as possible to assess whether certain options have more support than others.

	Company 
	Uplink transmission for uplink split over WLAN


	
	Pros and cons of the solution

	LG
	For each PDCP SDU, the UE decides the UL direction to transmit upon reception from upper layer. The UE transmits the PDCP SDU only to the direction already decided.



	BlackBerry
	A UE based threshold for splitting doesn’t make sense since UE always transmits on WLAN (as long as WLAN link is available) and it should also transmit over LTE when there is an UL grant. So, signalling a threshold for a bearer mapped to both LTE and WLAN would complicate the specification and implementation. eNB can still have control over the data offload because when there is an UL grant over LTE, the UE transmits over the granted resources thus ensuring an overall eNB control over the data offload. 

	Telekom R&D Sdn Bhd
	By configuring the threshold and the IE (e.g. ul-DataSplitDRB-viaWLAN) using DC-like threshold-based scheme, the eNB is at least able to control whether the UE to transmit on LTE only, WLAN only or both LTE and WLAN, especially after evaluating the WT Status Report and UE feedback on WLAN condition.     

	CATT
	A DC-like threshold is configured by eNB and UE only starts traffic offloading when data volume exceeds the threshold.  For the detailed traffic splitting scheme, we think actually UE can fully autonomously control the traffic splitting. But additional max and min boudries for UE’s traffic splitting over WLAN link may apply based on eNB signal
We think such solution is inlined with our previous agreement. It is simple and leaves UE with full implementation flexibility, and does not require big specification changes.

	Intel
	The UE making the UL splitting decision by itself is simple in terms of standardization effort and allows accounting for rapidly changing WLAN channel conditions.

Network assisted or network controlled splitting decision may require introducing new BSR formats because currently it is not possible to distinguish between the amount of LTE-only and LWA-capabale traffic from a BSR within a certain LCG. 

	Broadcom
	It is a UE based decision. Please see the previous answer for further details.

	HTC
	The eNB configures a threshold for uplink split. If the amount of eLWA UL data is below the threshold, the UE transmits the data over WLAN. If the data available for transmission is larger than or equal to the threshold, the UE transmits the data excessing the threshold to LTE while the rest is transmitted over WLAN. 

	MediaTek
	The DC threshold mechanism achieves a good balance between network control and UE implementation freedom. Note that the threshold mechanism is used not just to route packets but also determine BSRs. Since such a mechanism is already in place, we don’t believe it is complicated to apply for LWA.

	China Telecom
	Uncessary split can be avoided by utilizing a DC-like threshold configured by eNB. If data amount to be tranmited is larger than the threshold, UL data are transmited on both LTE and WLAN link, and UE controls the split ratio to adapt to the fast WLAN channel condition change.

	KT
	The UE decides the UL direction for each PDCP SDU upon reception from upper layer and transmits to the direction already decided. The eNB may provide split ratio information .

	HW
	If the data amount is below a threshold, it doesn’t make sense to split and that is the same for WLAN. In addition, it is better to reuse DC-mechanism to introduce less impact on specification. 

	Samsung
	UE, if the bearer is set to 'both' for UL, decides the UL direction for each packet. No threshold-based scheme is needed. eNB may need to control max/ average UL rate over WLAN if the bearer is set to either 'WLAN-only' or 'both'.

	Ericsson
	Pros of the dual threshold scheme are:

· when configured as explained in question3 e.g. it minimizes the competition between  UL and DL  packets of the same bearer 

· when buffer size is small, WLAN fast access may be utilized when available. If not available, buffer increases and it becomes LTE only

· in LTE only mode eNB knows by BSR per LCG and the threshold limits that it should prioritize this bearer (or that it should not downprioritize due to slit option to WLAN) 

· in split mode, UE may decide based on available resources where to transmit

· flexibility to configure LWA UL to LTE/WLAN/split to optimize for network/traffic situation by using zero, one or two thresholds
· helps network to schedule LTE resources efficiently which helps UE to control the amount of data sent to WLAN 

· it is not much more complicate than the basic DC scheme



	Fujitsu 
	The ratio based mechanism can be used to avoid over-scheduling on LTE and to coordinate the WLAN UL/DL resource usage for the UEs capable of R13 LWA.

	Qualcomm
	Any threshold mechanism for selecting the uplink direction will require a dynamic decision by the eNB, almost akin to scheduling. This puts too much burden on eNB scheduler, requires excessive RRC signalling, and will not be efficient as UE based since eNB can’t predict the short-term WiFi conditions well. Therefore, a long term control such as leaving the decision at per SDU granularity to the UE, will utilize WiFi link better. 

	ITRI
	We agree with MediaTek and also think the DC threshold mechanism could implicitly let eNB know the transmission status over WLAN, so network control and UE implementation could be realized simultaneously for uplink split over WLAN.

	Nokia, Alcatel-Lucent Shanghai Bell
	Threshold-based mechanism is used for the split uplink:

· eNB configures primary link for uplink and a threshold value

· If the amount of data in buffer is below the threshold, UE shall use uplink only over the primary link.

· If the amount of data in buffer exceeds the threshold, UE can use the UL split without restrictions (i.e. it is up to UE how to split the data between the two uplink legs)


Recommendation 2: Since majority prefers either threshold-based or UE freedom, some form of a compromise could be to consider both. However, while the threshold-based scheme has the majority, several companies also indicate split ratio to be used. Hence, the following is recommended:

· RAN2 to discuss whether a threshold or a split ratio is used to determine when UL split is used (threshold has a slight majority in the email discussion)
· Some UE freedom in splitting the data is desired: Hence, UE could decide how exactly to split the data once the split is enabled.

2.3 Solutions for uplink over WLAN: WLAN MAC ACK availability
The question on WLAN MAC ACK availability was raised e.g. in R2-163525. The basic question is whether the UE has the WLAN MAC ACKs available for flow control purposes, or whether some other means (e.g. the receiving side sending PDCP status reports) is needed to ensure efficient uplink bearer split?
The companies are invited to fill in the responses to the questions below. 

	Company 
	Question 7: Can it be assumed the WLAN MAC ACKs are available for UE for UL PDCP PDUs sent over WLAN?


	LG
	No. Using PDCP status report or LWA status report is sufficient.

	BlackBerry
	We believe using PDCP status report is sufficient. Availability of WLAN MAC ACKs internally within the UE may be left to UE implementation on top of the above and we don’t think a capability is needed for this. 

	Telekom R&D Sdn Bhd
	No, PDCP status report or LWA status report is sufficient. 

	CATT
	No

	Intel
	We are not sure that WLAN MAC ACK indication to the LTE PDCP is needed. This is because WLAN supports ARQ and WLAN MAC peforms a number of retransmissions before discarding the packet. The number of retransmissions usually depends on implementation. Similar to BlackBerry, our view is availability of WLAN MAC ACKs internally within the UE may be left to UE implementation and we don’t think a capability is needed for this.
Further, as we are discussing UL, it is not clear what other motivations could be there for the eNB to send PDCP or LWA status report to the UE apart from flow control purposes at the UE. Further understanding of how PDCP status report can be useful or helpful for UL case is necessary to be discussed.

	Broadcom
	We are not sure of the benefits of having the WLAN MAC ACKs available to the LTE PDCP. Besides the arguments given by Intel (above) we argue that these elements are not sufficient to describe that status of a PDCP transmission over the WLAN. This is because the WT is not necessary a WLAN AP node. Because of this there are other elements over the WLAN link that are missing in the picture: 1) the load at the WLAN AP egress interface facing the WT node, 2) the WT ingress interface facing the WLAN AP node, 3) the link between the WLAN AP and WT node.  


	HTC
	No. For flow control purposes, we think that PDCP status report or LWA status report is required since the WLAN MAC ACK only stands for the successful transmission for the WLAN airlink while the status over Xw is yet unknown. (As being captured in 36.300, the Xw-U interface provides non guaranteed delivery of user plane PDUs.)

	MediaTek
	It may be useful to clarify the purpose of flow control for uplink LWA. In the downlink case, flow control functionality was envisaged for (1) Detect missing packets for potential retransmission (2) Prevent buffer overflow (at WT), and (3) Avoid HFN desync. The use of WLAN MAC ACKs and/or PDCP status reports for (1) and (2) for uplink LWA is questionable because in the current PDCP spec, there is no provision for the UE to retransmit. We believe that the only functionality that is really needed here is for the PDCP entity to be aware of when transmission on WLAN has failed (i.e., all retransmission attempts for a particular WLAN frame carrying an LWA PDU have failed, which should be a fairly rare occurrence). With this understanding, we fail to see the need for either introducing PDCP status reports for uplink or correlating WLAN MAC ACKs with PDCP PDUs.

	China Telecom
	No.

	HW
	No, Share the same view as LG

	Samsung
	No, Share the same view as LG

	Ericsson
	The availability of these ACK/NACKs would enable ARQ on LWAAP layer. 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. We would not be in favour of UE autonomous PDCP retransmissions as the usefulness depends on eNB side buffering. Not efficient to retransmit SNs that do not anymore belong to the current reordering buffer. Further, as mentioned in other answers, it would be ARQ only over the WLAN air interface and not over UE-eNB link.

PDCP status reports from eNB to UE are only needed for HFN desync and for possible requested PDCP retransmissions. For HFN desync, FMS is enough. For retramissions, a bitmap is needed and possibly UL path.

	Fujitsu 
	No 

	Qualcomm
	The main rationale here is to enable fast retransmissions on LTE when a PDU transmission fails on WiFi. Given the rarity of this event, this optimization is difficult to justify. For flow control, PDCP status reports should be sufficient and provide a more complete picture of the WiFi path as pointed out by other companies.

	ITRI
	No. The WLAN MAC supports multiple types of ARQ methods and may be left to UE implementation. Due to the implementation complexity and no obvious benefit on flow control, PDCP status report or LWA status report is sufficient.

	Nokia, Alcatel-Lucent Shanghai Bell
	Yes – without assuming MAC ACKs UE cannot know whether the packets were dropped at WLAN modem for any reason. 


Summary: Clear majority of companies (17 companies) thinks it cannot be assumed WLAN MAC ACKs are available to LTE modem.

	Company 
	Question 8: What are the consequences of WLAN MAC ACK availability or unavailability?


	CATT
	Not convinced by impacts of unavailability of WLAN MAC ACK. We should leave WLAN as it is.

	Intel
	See our answer to the question 7 above. 

	Broadcom
	See answer above (question 7).

	MediaTek
	Please see our response for Q7.

	Ericsson
	See previous reply

	TCL
	Agree with BlackBerry’s comment.

	Nokia, Alcatel-Lucent Shanghai Bell
	If WLAN MAC ACKs are not available, UE has no knowledge after the LWAAP PDU has been submitted to WLAN whether the PDU was ever even sent or silently discarded (for whatever reason). We don’t see a need to explicitly specify PDCP retransmissions, but like for DL, they should not be precluded. Without WLAN MAC ACKs the split would essentially require PDCP status reports from eNB. 


Summary: Clear majority of companies (7 companies) thinks there are no consequences to WLAN MAC ACK unavailability.

Companies are also invited to fill in the pros and cons of their proposals to the table below. Note that it would be preferable if the different options can be converged to as few entries as possible to assess whether certain options have more support than others.

	Company 
	WLAN MAC ACK availability


	
	Pros and cons of the solution

	LG
	WLAN MAC ACK is not used. Using PDCP status report or LWA status report is sufficient.

	BlackBerry
	If we want to rely on WLAN MAC ACKs, then we may need to specify how the PDCP interacts with various WLAN MAC ACK formats (normal MAC ACK, Block ACKs etc for various 802.11 versions) and we may also need to keep our specifications in sync with any updates IEEE 802.11 makes to their MAC ACK formats in upcoming WLAN ammendments (e.g ACKs for MIMO scenarios and/or multi user scenarios in 802.11ax etc). It is hence best to leave these interactions out of specifications and at best left to UE implementation. 

	Telekom R&D Sdn Bhd
	IEEE 802.11 data, management and action frame are all required to be acknowledged by WLAN. Besides, a QoS data frame can be transmitted with the Ack Policy subfield set to No ACK and thus no acknowledgement from the receipient. Due to the different possibilities of acknowledgement mechanism in IEEE 802.11, so it is better to leave to UE implementation. 

	CATT
	No need for additional mechanism to improve WLAN implementation.

	Intel
	Generally, we can assume that WLAN MAC supports ARQ with variable number of retransmissions. We may discuss whether additional mechanisms on top of WLAN ARQ are needed, but this seems to be low priority. In addition, as companies have already pointed out above, WLAN MAC supports multiple types of ARQ methods in legacy, aggregation (.11n) and OFDMA (.11ax) protocol revisions, and dealing with all these variants may result implementation complexitiy and ambiguity.

	Broadcom
	 Agree with LG.

	HTC
	Using only PDCP status report or LWA status report should be sufficient for flow control purpose.

	MediaTek
	Please see our response to Q7. Further details of our proposal can also be found in Section 2.4 of R2-162369. We think that WLAN MAC ACKs should not be used. The use of LWA/PDCP status reports for uplink needs further study.

	China Telecom
	WLAN MAC ACKs should not be used.

	HW
	Share the same view as LG. WLAN MAC ACK adds complexity to implementation.

	Samsung
	Share the same view as LG. WLAN MAC ACK adds complexity to implementation.

	Ericsson
	See question 7.

	Fujitsu 
	Agree with LG.

	Qualcomm
	So far, we refrained from tying LWA directly to any WiFi MAC functionality in order not to create any dependency to WiFi MAC which is specified by another organization. It is prudent to keep the same principle for eLWA. 

	ITRI
	Agree with LG

	Nokia, Alcatel-Lucent Shanghai Bell
	WLAN modem should already know indicate whether it has transmitted data to upper layers, so the additional complexity is limited. Requiring defining further PDCP/LWA status report formats would also not be required. We don’t think there needs to be an explicit indication in the specification regarding passing of WLAN MAC ACKs, but RAN2 should just consider the knowledge as an assumption in the design.


Summary: Clear majority of companies (10 companies) thinks it that PDCP status reports should be used to enable UL flow control. Minority of companies think this can be left up to UE implementation. 

Recommendation 3: PDCP status reports are used to enable UL flow control. Whether modifications are needed requires further study.

3. Conclusions 
As a summary of the discussion, the following proposals reflect the majority views (where clear):
Proposal 1: If the UL of a bearer can be configured over WLAN only, that bearer will never trigger BSR while the UL is configured only over WLAN.

Proposal 2: All UL data that may be sent over LTE (i.e. not already sent or decided to be sent to WLAN MAC) is counted towards the BSR.
Proposal 3: RAN2 to discuss whether to use DC-like threshold or a split ratio to determine when UL bearer split is allowed for LWA. 

Proposal 4: When UL bearer split is enabled, UE decides exactly how to split the data (within limits of the mechanism chosen by proposal 3).

Proposal 5: PDCP and/or LWA status reports may be used to enable UL flow control. Further details are FFS. 

References

[1] R2-163572, “UL Support for LWA,” Intel Corporation.
[2] R2-163777, “Uplink Bearer Configuration and BSR Procedure for eLWA,” Huawei, HiSilicon

[3] R2-164048, “Consideration on Uplink Data Transmission for eLWA,” Kyocera

[4] R2-163934, “BSR Procedure for eLWA,” HTC
