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1
Introduction
In RAN #58, the SID of small cell enhancement-higher layer aspects has been agreed [1]. In the SID, it is proposed to study:

·    Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial
The challenges discussed for small cell scenario are mainly about the mobility robustness and resource aggregation between different nodes. Letting UE connect to macro and small cell eNB at the same time could be one good potential solution to solve these challenges and in RAN2#81, whether simultaneous DL reception and UL transmission could be supported was touched a bit. In this paper, we discuss the UL transmission in dual connectivity from the feasibility point of view, and also try to give several potential options for supporting simultaneous UL transmission for dual connectivity.
2
Simultaneous UL transmission for dual connectivity
From the UL transmission viewpoint, dual connectivity is similar to inter-band UL CA. Therefore, it is obvious that dual UL transmission could be possible in principle for similar cases as are possible for inter-band UL CA. However, for CA, PUCCH is still always transmitted on PCell, which could be different for dual connectivity UL transmission.

One of the potential advantages of supporting simultaneous UL transmission would also be the increase of UL peak data rate since the overall UL throughput will be the aggregation of the macro cell link data rate and the small cell link data rate. At the first glance, such increased UL throughput might be attractive when a very high UL data rate is required, but since the UE would most likely have a better UL channel quality for the small cell than for the macro cell, the throughput gain from keeping the macro link active might not be significant. At the same time, the power efficiency of macro link could be lower than that of small cell link due to potentially larger pathloss to the macro cell than the small cell. Therefore, achieving a better peak UL data rate may not be a strong enough motivation for simultaneous UL transmission. Furthermore, as discussed in Chapter 3, the maximum UL Tx power may present some additional challenges for the dual connectivity compared to the inter-band UL CA.
On the other hand, even if we assume that most of the UL traffic would be sent on only the small cell layer, there might be still some other cases which need simultaneous UL transmission. One of the basic assumptions for dual connectivity is that there is a non-ideal backhaul link between macro and small cell eNB (which e.g. means that CA or CoMP based on ideal backhaul cannot be used). Therefore, two independent schedulers are needed for the two links and the HARQ-related feedback should be transmitted on each link respectively. For DL direction, simultaneous reception is expected to be similar to the inter-band DL CA reception from the capability point of view and may also ease the scheduling complexity at the eNB side. Therefore, if PUCCH is to be transmitted to each eNB respectively, supporting simultaneous DL reception will require simultaneous UL transmission as well.We would note that having PUCCH+PUCCH UL transmission would be something that is not possible currently and hence could require some further RAN1/4 studies as well at the WI phase.
Observation #1a: Scheduling complexity and simultaneous DL transmission are the strongest motivations to support simultaneous UL transmission 
Observation #1b: Throughput gains for 2UL transmission are not obvious and the protocol stack design may affect the usage of 2UL transmissions in dual connectivity.
Observation #1c: Simultaneous transmission of PUCCH on two carriers might need additional RAN1/RAN4 studies.
3
Challenges of simultaneous UL transmission

Based on the analysis in section 2, all the requirements will be met if a dual connectivity UE is capable of transmitting all UL channels simultaneously. However, such assumption may not always hold in practice and there are many challenges to be addressed.
Even though RAN2 has specified multiple timing advances in Rel-11, RAN4 is specifying support 2UL inter-band CA only in Rel-12. Therefore from the UE capability / practical point of view, we could foresee that there will be two types of UEs: Those supporting simultaneous UL transmission for inter-band CA and those not supporting inter-band CA. Since the UL dual connectivity and inter-band UL CA are rather similar from the transmission viewpoint, not all dual connectivity UEs might support simultaneous 2UL transmission.

However, it is still desired that a UE which can’t support simultaneous UL transmission could also somehow benefit from the small cell enhancement study. This would reduce the small cell technology time to market as market demand would determine which kinds of UEs and eNBs are implemented first. Thus supporting of dual connectivity by UE which can’t support simultanesou UL transmission could be also seen as beneficial if the complexity can be justified by good enough gains. 
For those UEs who are capable to support simultaneous UL transmission, there might be still concerns from the power management point of view. In legacy carrier aggregation, there is only one scheduler which controls all the configured cells. Thus, the UL power allocation can be fully controlled by the scheduler and it is easy to check that larger-than-maximum UL power is not assigned. But in dual connectivity, the schedulers of the two cells are assumed to be independent with only loose coordination possible due to the non-ideal backhaul. Thus, it is likely the overall transmission power required by two schedulers will easily exceed the maximum UE power limit. In summary, the independent scheduler complicates the power management in dual connectivity for those UEs which support simultaneous UL transmission.
Finally, from the scenario point of view, the co-channel deployment of macros and small cells is currently not excluded from the dual connectivity in 3GPP. In such case, the simultaneous UL transmission would introduce both interference and UL RF design issues. When a simultaneous UL transmission is scheduled, if the same signal would not be sent to both cells, the end result could be high interference to the UL reception at the small cell eNB. Instead of benefiting from dual connectivity, UE may suffer performance loss in the co-channel case due to the simultaneous UL transmission. Therefore, we think that for co-channel cases, dual UL transmission should be excluded.
In addition, this simultaneous UL transmission of different UL channels will bring different impact and determines how we could deal with above challenges. The power management will be much complicated if PUSCH is to be transmitted simultaneously because dynamically changed MCS, allocated resource will affect the total power required for each transmission. For PUCCH, the primary concern is about the transmission timing because the HARQ feedback and the CQI report are all defined with rigid timing. It will be of great challenge to ask non-ideal backhaul linked eNBs to avoid simultaneous PUCCH transmission when simultaneous DL reception is needed. However on the other hand, the power requirement for PUCCH is less fluctuated due to the relative static MCS and resource allocation. The PRACH transmission in both macro and small cell are also expected to be needed, and there could be both eNB triggered and UE triggered RACH procedure which need to be carefully studied as there could be potentially simultaneous transmission of preamble or Msg3. At last, SRS in dual connectivity should be studied as well but it is expected easier to solve as SRS is semi-statcially configured. 
Observation #2: From practical point of view, there could be UEs that support and UEs that do not support simultaneous UL transmission for dual connectivity.
Observation #3: It should be guaranteed that the UE’s maximum power should not be exceeded even for UE which supports simultaneous UL transmission
4
Open options for UL transmission
Based on the challenges discussed in section 3, there could be several potential options regarding the UL transmission in dual connectivity to cope with the various UE implementations or deployment scenarios. Following options allow UEs of different capability to maintain the dual connectivity by supporting simultaneous UL transmission in different levels. 
Option 1: Time switched UL transmission
This option is for those UEs without simultaneous UL transmission capability or scenarios where simultaneous UL transmission is needed. With this option, UE will only perform UL transmission to one eNB at one time. That is, the UL transmission of two links is multiplexed in the time domain. Consequeantially, although the two schedulers are still running independently, UE configured with this mode has no worries about being required to transmit UL signal to different eNBs simultaneously while the benefit of dual connectivity, such as more robuts mobility or enhanced power efficiency over single connecitivity is still maintained. However, quite big specification effort is foreseen with this option as we will need to discuss at least how to swich the UL transmission pattern and how different TA values could be handled during the switch. Hence, the gains of such approach vs. the complexity would have to first shown to justify such a solution.
In addition to time switched UL transmission for dual connectivity, we should also consider the UE which is capable to support simultaneous UL transmission. For those UE, there could be still different options. 
Option 2: Full simultaneous UL transmission

The most straightforward option would be simply to support simultaneous UL transmission for all the UL channels. However, as analysed above that there might be power management issues as two schedulers could hardly know the scheduling decision from each other. Therefore, RAN4 and RAN1 will need to be involved in the discussion on the solutions of such issues. 
Option 3: Simultaneous transmission for part of the UL channels
As we analysed in above section, power management might be the most critical problem if simultaneous UL transmission can be supported by UE. On the other hand, reducing the scheduling complexity, making the simultaneous DL transmission feasible and reducing the specification effort are also quite important. Therefore, another possibility would be that to let UE only support simultaneous UL transmission for part of the UL channels for both macro and small cell link. For example, the transmission power of PUCCH will be typically smaller than PUSCH and also have a related fixed range.Thus simultaneous PUCCH will cause less trouble than simultaneous PUSCH transmission and the transmission power is easy to predict by the other scheduler. The motivation is to reduce the scheduling complexity and co-ordination efforts between two schedulers, while also get rid of the power management problem as much as possible. 
Below we summarized these three potential wayforward to support the UL transmission for dual connectivity
Table 1 comparison of potential options for UL transmission of dual connectivity

	
	Option 1
	Option 2
	Option 3

	Specification effort
	Big
	Medium
	Medium

	Supporting of UE which has no simultaneous UL capability
	Yes
	No
	No

	RAN1/4 involvement needed
	Yes
	Yes
	Yes



	Power management
	Easy

No need to co-ordinate for power management
	Difficult

Co-ordination between eNBs is needed
	Medium
Co-ordination between eNBs is needed

	Impact to the performance
	Big
	Unclear
	Unclear
Not expected to be much

	Scheduling complexity
	Big
	Unclear
	Unclear

Potentially smaller than option 2


As analysed above, we didn’t fine a perfect solution to solve the UL transmission for dual connectivity so each wayforward has its pros and cons. However, UL transmission is considered also importatnt and practical for this study item, so we propose we also consider this as one challenges and capture the three potential wayforward into the TR. 
Observation #4: There is no perfect solution to solve the UL transmission for dual connectivity

Proposal: RAN2 to consider discussing the dual UL transmission for dual connectivity and also capture challenge of dual UL transmission and the potential wayforwards into the TR
5
Conclusion
Observation #1a: Scheduling complexity and simultaneous DL transmission are the strongest motivations to support simultaneous UL transmission 

Observation #1b: Throughput gains for 2UL transmission are not obvious and the protocol stack design may affect the usage of 2UL transmissions in dual connectivity.
Observation #2: From practical point of view, there could be UEs that supportand UEs that do not support simultaneous UL transmission for dual connectivity.

Observation #3: For UE which supports simultaneous UL transmission, some provisions should be made to guarantee that the UE’s maximum power is not exceeded.

Observation #4: There is no perfect solution to solve the UL transmission for dual connectivity

Proposal: RAN2 to consider discussing the dual UL transmission for dual connectivity and also capture challenge of dual UL transmission and the potential wayforwards into the TR
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