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1
Introduction
This contribution discuses uplink transmission in Dual Connectivity and suggests a way forward that is fair and consistent with recent discussions and agreements. 

2
Uplink Transmissions
In recent meetings, the support of uplink bearer split was heavily discussed and RAN2 could not agree to support 3C in uplink but instead introduce 2C. The arguments used against the support of uplink bearer split can be categorized into three groups: UE complexity, network complexity and performance. 

Regarding performances, the merit of the simulation paper discussed on UL bearer split at the last meeting [R2-141265] is to highlight two things 1) that fixed ratio at PDCP for a split in LCP does not make sense, and 2) that in order to benefit from a feature, some intelligence is needed in the network. On the first point, it should be noted that fixed ratio at PDCP for LCP was not favoured by the majority [R2-141102] and neither was part of the suggested way forward [R2-141103]. On the 2nd point, the same can be said for all new features and it is not because a feature is known to provide losses when badly configured that a feature cannot be introduced. Instead networks are usually given the freedom to configure a feature (as was also suggested in the way forward [R2-141103]).
Observation 1: the only two things that can be concluded from the last simulation paper discussed in RAN2 are 1) that fixed ratio at PDCP for a split in LCP does not make sense, and 2) that in order to benefit from a feature, some intelligence is needed in the network.

UE complexity was discussed during the email discussion 85#22 during which 25 companies expressed their views. Taking as a starting point the fact that the actual support of uplink bearer split for data boils down to allowing PDCP PDUs in addition to RLC status reports, the complexity increase was limited to BSR calculation for which ratios were suggested. Claiming that applying ratios is so complex that it cannot be done certainly raises the question of the capabilities of UEs to deal with another set of security keys for SCG bearers.
Observation 2: claiming that applying simple ratios to a buffer status calculation is so complex that it cannot be done raises the question of the capabilities of UEs to deal with another set of security keys for SCG bearers.

One aspect related to network complexity was also discussed during the email discussion 85#22: power control. A majority of companies expressed the opinion that there is no difference (14 vs. 8) and yet this was still used as an argument. Back-off and link adaptation issues were also thrown in without specific contributions. It has to be understood that the impacts to power control, back-off and link adaptation results from transmitting in parallel in two cells, and has little to do with splitting bearers in uplink as the RAN1 discussions demonstrates. Some companies claimed that SCG bearers would typically generate a lot less data in parallel to MCG bearers but it is not clear how it can be ensured. If one cannot trust the network to configure UL bearer split when it provides gain, (see the first point about performance), we should equally question the ability of the network to limit the parallel activity of MCG and SCG bearers.
NOTE:
it is interesting to note that the companies who were claiming that 1A would be simpler than 3C due to reduced chances of parallel activity 1) used constant parallel activity of MCG and SCG bearers during the study item phase in order to justify that 1A would enhance the throughput as much as 3C [R2-133525, R2-131070], and 2) also proposed to increase the chances of parallel activity between MCG and SCG through the support of TTI bundling [R2-141395, R2-141339, R2-141547]. 
Observation 3: challenges related to power control, back-off, and link adaptation equally apply to SCG bearers.

In summary, if we cannot trust the network to configure a feature when it provides gain, if applying a simple ratio to a buffer status calculation is a showstopper in terms of UE complexity and if parallel transmission in uplink cannot be supported, the only logical conclusion that follows would be to also forbid SCG bearers in uplink. Since this has not been suggested, we see no reason why uplink bearer split should not be allowed.

Observation 4: if SCG bearers are allowed in uplink, so should split bearers.

Email discussion 85#22, showed that bearer split in uplink does not require additional LCP nor SR mechanisms: in both cases, the MAC entities for MCG and SCG can run independently, separate buckets are used and no changes are brought to the SR triggers. The email discussion also concluded that bearer split in uplink does not require additional mechanisms for the calculations of the data available for transmission in RLC. For the calculations of the data available for transmission at PDCP, several schemes were discussed but no explicit agreement was reached. In order to give schedulers the freedom to operate on reports they wish to receive, as well as stopping the UE from triggering BSR towards a CG that is of lower priority (for instance to prioritise the request of resources for TCP ACKs towards one CG), the network should be able to configure the UE to request resources to report the data available for transmission at PDCP of a split bearer either to MeNB, SeNB or both. This would be easier than ratios and should be understood as a compromise to make it as simple as possible for Rel-12. Naturally, this does not affect LCP.

Proposal 1: the triggering of a BSR when uplink data becomes available for transmission in the PDCP entity of a split bearer, can be configured by higher layer for each MAC entity.
NOTE:
it is essential not to mix BSR reporting (a rough instantaneous measure of the UE buffers) with actual LCP. Already today a logical channel group does not have to be configured as being part of an LCG. Does it mean this logical channel will never be scheduled in uplink? No, as this solely depends on logical channel priorities and prioritised bit rate. Similarly, a UE will never limit itself to the amount of data it has last indicated in a BSR.
Another issue that was not immediately visible but which motivated some of the comments expressed was related to the mapping of PDCP PDUs towards a CG. Because of the way RLC status reports for downlink traffic are handled, a split bearer in downlink will always appears as a split bearer in uplink and without any restriction in PDCP, supporting bearer split in uplink will be the default behaviour. It is fair to say that if one did not wish to use uplink bearer split at the same time as the downlink it should be possible to restrict the mapping of uplink PDCP PDUs to one CG only. Forbidding bearer split in uplink altogether to provide such a restriction is not acceptable since it denies operators/vendors the right to benefit from a feature they see as important. Instead, the restriction should be configurable to give operators/vendors the freedom to operate their network in a way they see as most optimal. This can easily be achieved by amending the agreement that the network configures via RRC over which link the UE transmits UL PDCP data to cover the scenario when no such restriction is configured.
Proposal 2: when the network does not configure via RRC over which CG the UE transmits UL PDCP data for a split bearer, both CGs can be used.
3
Conclusion
This contribution has discussed uplink transmission in Dual Connectivity and has made a number of observations. In summary, ruling out uplink bearer split for reasons that equally apply to SCG bearers seems unfair. The only additional mechanism required if one wished to stop the UE from triggering BSR towards a CG that is of lower priority (for instance to prioritise the request of resources for TCP ACKs towards one CG), would be to tell the UE whether a BSR is triggered in the MAC entity of the MCG, SCG or both when uplink data becomes available. This would be easier than ratios originally suggested in the way forward [R2-141103]  and should be understood as a compromise to make it as simple as possible in Rel-12. The corresponding CRs against MAC and RRC are provided in companion contributions: R2-141989 and R2-141990.
Proposal 1: the triggering of a BSR when uplink data becomes available for transmission in the PDCP entity of a split bearer, can be configured by higher layer for each MAC entity.

Furthermore, the uplink mapping restriction agreed at the last meeting should be amended to cover the case when no such restriction is configured and effectively allow both CGs to be used. The corresponding CRs against MAC and RRC are provided in companion contributions: R2-141991 and R2-141992.
Proposal 2: when the network does not configure via RRC over which CG the UE transmits UL PDCP data for a split bearer, both CGs can be used.

In conclusion, Rel-12 only requires two simple additions to support uplink bearer split and one cannot claim that it is complex. We have not identified any remaining issues. Possible challenges related to power control, back-off, and link adaptation equally apply to SCG bearers and if they were used again to question the support of uplink bearer split, it would seem logical to also question the support of SCG bearers in uplink.
NOTE:
knowing that we have agreed a WI covering both 1A and 3C due to equal support for the two alternatives, any show-off hands for the support of uplink bearer is likely to always result in an equal split and does not seem very useful.
Annex A: Uplink Transmissions in DC

The two proposals made in this contribution, together with the agreement on UL transmission from the last meeting result in controlling UL transmissions in DC via two RRC parameters:

-
pdcp-DC-uplinkMapping: indicates towards which cell group are uplink PDCP PDUs to be mapped. This parameter itself is actually only needed not to support uplink bearer split as without any restriction, both RLC entities would be used.
-
logicalChannelBSRTrigger-Mask: controls BSR triggering upon data arrival at PDCP on a logical channel basis per MAC entity. This parameter is needed to prioritise resource request towards one CG.
Table A1 below describes how these two parameters can be used

Table A1: Uplink Transmission in DC
	PDCP 
Mapping
	BSR Trigger
Mask in MCG
	BSR Trigger
Mask in SCG
	Resulting UE behaviour in uplink

	MCG
	-
	-
	No uplink split, MCG only is used:

· PDCP Data only indicated to MCG

· PDCP PDUs reported in BSR towards MCG only
· BSR Trigger Mask not needed

	SCG
	-
	-
	No uplink split, SCG only is used:

· PDCP Data only indicated to SCG

· PDCP PDUs reported in BSR towards SCG only

· BSR Trigger Mask not needed

	-
	-
	-
	Uplink bearer split without prioritisation:
· PDCP Data arrival triggers a BSR in MCG and SCG

· PDCP PDUs reported in BSR towards both MCG and SCG

	-
	-
	yes
	Uplink bearer split with MCG prioritisation
· PDCP Data arrival only triggers a BSR in MCG

· PDCP PDUs reported in BSR towards both MCG and SCG

	-
	yes
	-
	Uplink bearer split with SCG prioritisation
· PDCP Data arrival only triggers a BSR in SCG

· PDCP PDUs reported in BSR towards both MCG and SCG


Reporting the same PDCP PDUs in BSR towards both MCG and SCG would in theory introduce the possibility of double allocation, but we do not think this is an issue for 3GPP to be concerned about in Rel-12:

-
over allocation would only happen when the UE buffers are empty i.e. at the end of the data spurt and would only require one TTI for the eNB to realise an empty BSR;

-
ratios and thresholds can be implemented in the network without involving the UEs - these would not be as accurate as UE-based solutions (since they would not allow to differentiate PDCP from RLC data) but do provide a mean for the network to minimise padding;

-
uplink split should only be configured for data intensive bearers and the scenario where a bearer with sporadic PDUs would be configured as an uplink split bearer is not realistic.
