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1 Introduction
Several contributions discussing challenges related to simultaneous dual uplink operation were submitted to RAN2#83 in Barcelona [1-4]. In these contributions issues like exceeding maximum transmit power or underutilizing it, simultaneous PUCCH operation still needing RAN1 and RAN4 work, and not having any prioritisation between MeNB and SeNB were identified. In this contribution some of these challenges are further discussed and analysed and also band combination support is discussed.
2 Discussion
2.1 Support for multiple band combinations
When UE implementation complexity and RAN4 specification work is considered, it is very likely that there will be lots of UEs not supporting simultaneous transmission in different bands, i.e. single Tx UEs. In the context of Rel-10/11 carrier aggregation (CA), RAN4 has specified several band combinations with single uplink and dual downlink, and that is what UE implementations will be supporting in initial deployments of Rel-10/11 CA. There is still plenty of work with dual UL requirements as there are several band combinations where UL harmonics and/or intermodulation products will fall on own DL band and also on GNSS and ISM bands. It is still unclear if any restrictions are needed in uplink transmission in these cases. When the interference falls on own DL, the implications on receiver performance are still under investigation, but it seems probable that receiver sensitivity will be degraded. Naturally there are also band combinations not having these problems. In addition, the trend in RAN4 has been that for a given band combination single UL requirements are specified first and only after they are ready dual UL work is started. In this perspective it should be noted that small cell enhancements might be specifically targeted for use in new frequency spectrum [36.872], i.e. RAN4 will likely need to specify the requirements for a new set of CA combinations to support Rel-12 dual connectivity between macro cells and small cells deployed in e.g. 3.5 GHz band.
Observation 1: Given the trend observed in RAN4 during the standardization of requirements for Rel-10/11 CA combinations, it is very likely that there will be UEs not supporting simultaneous dual UL transmission, i.e. single Tx/multi Rx UEs (especially in the initial deployment phase of Rel-12 dual-connectivity).

It is also clear that not all UEs can support all band combinations as the filtering complexity becomes very large. Especially it should be noted that it is very different to support a group of individual bands than simultaneous operation in all their possible combinations. Therefore it is possible that a CA capable UE won’t support carrier aggregation on all the combinations of the bands it supports, making it effectively single Rx/Tx UE in those cases. 
Observation 2: When also taking UE cost into account, it seems clear that even with dual connectivity standardized and deployed there will still be many UEs only having single tx/rx capability.
2.2 UE Tx power budget and dual connectivity in uplink
In case of distributed and independent schedulers connected with non-ideal backhaul it is currently impossible to exchange up-to-date information about the UL grants in different eNBs. Therefore it is possible that in some cases when e.g. channel conditions are not favourable, high transmit power would be required in both cells. This would result in scaling of the transmit power according to the rules defined by RAN1, as the UE cannot exceed its maximum output power. If power scaling happens frequently it might result in corrupted uplink transmissions. Therefore uplink transmission towards multiple eNBs might not always be desirable simply because the UE has not enough power for transmission on multiple carriers.
 Other possible reasons to avoid uplink transmission on multiple carriers for a UE configured with dual connectivity could be high uplink load (in this case transmission on multiple carriers might introduce unwanted interference), or simply the fact that the UE has only little data to transmit in UL.

Observation 3: Even assuming dual connectivity in downlink there are plenty of situations when it will be more power efficient to only transmit uplink towards one cell at a time.
When e.g. UE power limitation occurs, one possible solution could be transmitting only part of the UL channels simultaneously towards MeNB and SeNB (i.e. no simultaneous PUSCH transmission), as proposed in one possible way forward in [5]. However, this kind of arrangement would still require the UE to transmit in uplink on multiple carriers, which might not be optimal from a UE power consumption perspective.
Based on the observations done so far it seems evident that there are still many challenges with simultaneous dual Tx transmission. If channel and load conditions are favourable the gains from inter-eNB resource aggregation and bearer-split might also be available in the uplink. However, there are also situations when single Tx UE could perform just as well without the added cost (in terms of UE power consumption) and complexity of having a second transmitter branch. To have more UEs benefiting from dual connectivity and more use cases (suitable operating conditions) for it, also single tx/multi Rx UEs should be supported.
Proposal 1: RAN2 should discuss the challenges of simultaneous dual Tx transmission. To maximize the gains from dual connectivity also single Tx/multi Rx UEs should be supported.
Moreover, in order have some (but maybe not all) benefits from dual connectivity available to as many UEs as possible, it would make sense to consider whether extending support of dual connectivity also to single Tx/Rx UEs could introduce some gains also for this type of UEs.
Proposal 2: RAN2 should consider the benefits of extending the support of dual connectivity also to single Tx/Rx and whether this can bring any advantage to this type of UEs.
3 Conclusions
Observation 1: Given the trend observed in RAN4 during the standardization of requirements for Rel-10/11 CA, it is very likely that there will be UEs not supporting simultaneous dual UL transmission, i.e. single Tx/multi Rx UEs (especially in the initial deployment phase of Rel-12 dual-connectivity).
Observation 2: When also taking UE cost into account, it seems clear that even with dual connectivity standardized and deployed there will be plenty of UEs only having single tx/rx capability.
Observation 3: Even assuming dual connectivity in downlink there are plenty of situations when it will be more power efficient to only transmit uplink towards one cell at a time.
Proposal 1: RAN2 should discuss the challenges of simultaneous dual Tx transmission. To maximize the gains from dual connectivity also single Tx/Multi Rx UEs should be supported.

Proposal 2: RAN2 should consider the benefits of extending the support of dual connectivity also to single Tx/Rx and whether this can bring any advantage to this type of UEs.
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