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1. Introduction
In RAN#58, the study items for small cell enhancement for both physical layer and higher layer protocol [1] [2] were agreed. Among several techniques for small cell enhancement, dual-connectivity needs both physical layer and higher layer work. In past RAN1 meetings, the relevant physical layer aspects have been generally discussed, which mainly focus on scheduling and HARQ transmission, UL power control and interactions between different UL channel [3]. In RAN1#62, the new work item for dual-connectivity led by RAN2 has been approved [4]. One of the objectives is to identify and introduce physical layer functionalities required for the operation of Dual Connectivity. Corresponding work will be started from RAN1 76. In [5], we generally analyse new physical layer functionalities to support dual connectivity. In this contribution, we share our considerations on techniques to deal with simultaneous uplink transmission in power limited scenarios. 
2. Discussion
Dual connectivity is a mode of operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) assumed to be connected with non-ideal backhaul. There could be single or multiple CCs configured per eNB. The MCG (Master Cell Group) is defined as the group of serving cells associated with the MeNB. The SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB.
To support timely scheduling and control channel offloading, it is more appropriate to transmit the scheduling related information directly from/to the corresponding eNB, to avoid the potentially high latency due to non-ideal backhaul. For a UE supporting multiple RX/TX, it is straightforward to transmit UCI information to corresponding eNBs. Consequently, new combinations of simultaneous UL channel transmission on MeNB and SeNB could appear. 
One potential issue for the simultaneous transmission of multiple UL channels to both eNBs is power control. Since it is almost impossible to exchange the scheduling information between eNBs quickly and frequently due to the non-ideal backhaul, the sum of transmission power of each CC decided by different eNBs is more likely to exceed the maximum power. Therefore, it is necessary to define how to share power between UL channels when the total transmission power exceeds the UE maximum transmission power limit PCMAX. 
Focussing on cases with UCI there could be four combinations of UL channels arising from simultaneous UCI transmission on both eNBs:
· simultaneous PUCCH transmission on PCell of MeNB and special cell (we use ‘PCell’ for simplicity in the rest of the contribution) of SeNB at least containing ACK/NACK and/or periodic CSI. This differs from Rel-11 where only one PUCCH can be transmitted in the one PCell.
· simultaneous PUSCH transmission with UCI on two CCs, one under the MeNB and the other under the SeNB, at least containing ACK/NACK and/or CSI, while in Rel-11 UCIs (at least CSI) of all CCs are combined together to transmit on PUSCH on one CC.
· simultaneous PUCCH transmission on PCell of one eNB and PUSCH transmission with UCI on one CC of another eNB respectively. Though simultaneous PUCCH and PUSCH transmission with UCI on the same or different CCs could already be supported in Rel-10, the type of UCIs carried by PUCCH and PUSCH could be different in dual-connectivity, e.g. periodic CSI on PUCCH of one eNB and aperiodic CSI on PUSCH of another eNB.
· Simultaneous single or multiple PUCCH with single or multiple PUSCH transmission with UCI on different eNBs. For example, if a UE is configured for simultaneous PUSCH and PUCCH transmission, a UE might simultaneously transmit ACK/NACK on PUCCH and CSI on PUSCH on one eNB while transmit ACK/NACK on PUCCH and CSI on PUSCH on another eNB. In Rel-10, only simultaneous single PUCCH and single PUSCH transmission with UCI is supported.
Based on the combinations listed above, we’ll discuss power scaling strategies for:
(1) PUCCH+PUCCH,
(2) PUSCH with UCI +PUSCH with UCI,
(3) PUCCH+PUSCH with UCI.
We will also discuss:
(4) PUSCH w/o UCI+PUSCH w/o UCI and
(5) PRACH+PUSCH/PUCCH,
considering potentially new features of MeNB and SeNB. For simplicity, we mainly discuss the simultaneous UL channel transmission on different eNBs with the assumption that UE behavior in the case of multiple CCs within one eNB is the same as Rel-11 [5]. 
In dual-connectivity, it is likely that the CCs of different eNBs will belong to different timing advance groups (TAGs). The power scaling strategies could thus be discussed for the case of full-overlapped region and partial overlapped region respectively. The strategies for full-overlap case could also be applicable to the case of single TAG consisting of CCs from both SeNB and MeNB which might appear rarely (if it is supported). 
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Figure 1 Full overlap and partial overlap case for multiple TAG
2.1 Full overlap between UL channels on MeNB and SeNB
2.1.1 Power scaling strategy for multiple PUCCH
UCI transmitted by PUCCH include DL ACK/NACK, periodic CSI and SR. When the transmission power of PUCCHs of MeNB and SeNB set by the power control formula exceeds the maximum UE power capabilities, the UE should either allocate the power of PUCCHs according to priority, maintain PUCCHs of both eNBs with equally reduced power or reduce the content of PUCCH(s) with lower priority. 

It seems that the simplest method is to transmit multiple PUCCHs simultaneously with equally reduced power. However, it would be unfortunate if none of PUCCHs were correctly received which would lead to the performance loss of both eNBs.
Allocating the power of PUCCHs according to priority would require some additional standardization work, but at least some existing priority rules could be reused with minor modification. The priority could be determined by the type of UCIs, the importance of eNBs and the channel quality of eNBs. 
· Type of UCIs:
ACK/NACK and SR always has higher priority than periodic CSI which follows existing rules, considering that CSI could be obtained at the next periodic CSI report instant or by requesting an aperiodic CSI report as soon as possible, if necessary. As for simultaneous periodic CSI reports on different eNBs, the priority could be based on CQI/PMI and RI reporting types.
Simultaneous transmission of ACK/NACK and SR is supported by one PUCCH for both CA and non-CA case in Rel-11, i.e. PUCCH format 1a/1b, format 1b with channel selection and format 3. In dual-connectivity, it is possible ACK/NACK carried by one PUCCH and SR carried by the other PUCCH. Prioritizing SR over ACK/NACK will result in unnecessary PDSCH retransmission while prioritizing ACK/NACK over SR will delay new UL traffic transmission or UL RRC signaling if SR is intended for MeNB. Since SR periodicity configured by eNB varies from 1ms to 80ms depending on the sensitivity of latency, we slightly prefer to prioritize ACK/NACK over SR considering the UE could transmit SR in the next SR instance, e.g. in the next subframe if the UE is sensitive to the latency. 

It is also noted that different PUCCH formats could be used, though the UCI type(s) could be the same. For example, it is possible that format 1a/1b carrying ACK/NACK is transmitted to one eNB while format 3 carrying ACK/NACK is transmitted to another eNB. The desired transmission power for format 1a/1b and format 3 could be different, especially when the payload is different.  Whether any prioritization is necessary needs further study with the consideration of the different performance of different PUCCH formats as well as the standardization effort.  
· The importance of eNBs:
In dual-connectivity, the coverage and mobility is provided by MeNB. All RRC message should only be transmitted over Uu interface of the MeNB [6]. Therefore, it would be reasonable to guarantee the performance of communication with the MeNB first.
· The channel quality of eNBs:
In heterogeneous network deployment, it is likely that a UE would have a better UL channel quality for the small cell than for the macro cell due to potentially larger pathloss to the macro cell (typically under MeNB) than the small cell (typically under SeNB). Consequently, larger UL transmission power is required by macro link to achieve the same performance as small cell link. It would be beneficial to prioritize the PUCCH transmission on SeNB from the point of view of power efficiency. However, the power required by PUCCH for macro and small cell may not be dramatically different because it only occupies one PRB pair.
For simplicity, one of the priority rules analyzed above could be selected. For example, PUCCH on MeNB has the highest priority irrespective the type of UCIs. On the other hand, the combination of some of priority rules could improve the system efficiency. For example, to prioritize between eNBs based on UCI type, and then prioritize between eNBs with same UCI type. This is similar to the periodic CSI report prioritization defined in Rel-10 CA.
Reduction of the content of PUCCH with lower priority could also be considered to further improve the performance of PUCCH with reduced power when multiple CCs are configured for the eNB with lower priority. Considering the importance of MeNB, it could be beneficial to guarantee all ACK/NACKs of MeNB to be transmitted with sufficient transmission power. For the SeNB, some kind of ACK/NACK bundling could be considered to reduce the payload of PUCCH to improve the decoding performance with reduced power.
· Spatial multiplexing within a subframe or TTI bundling within CC or CC-domain bundling could be used.
· Only ACK/NACK bits of PCell are retained while ACK/NACK bits of SCells could be dropped.
· Only ACK/NACK bits are retained while periodic CSI which is transmitted simultaneously by the same PUCCH could be dropped.
· Format 1a/1b could be used to transmit reduced ACK/NACK bits instead of PUCCH format 2 or format 3.
Proposal 1: Allocating transmission power of PUCCH on multiple eNBs according to priority rules based on UCI type and the importance of eNBs could be considered when the total transmission power exceeds UE maximum transmission power limitation.
Proposal 2: Reduction of the content of PUCCH with lower priority could be considered to further improve the performance of PUCCH with reduced power.
2.1.2 Power scaling strategy for multiple PUSCH with UCI
UCI transmitted by PUSCH depends on whether the UE is configured for simultaneous PUSCH and PUCCH transmission. If a UE is not configured for simultaneous PUSCH and PUCCH transmission, both DL ACK/NACK and periodic/aperiodic CSI could be piggybacked on PUSCH. If a UE is configured for simultaneous PUSCH and PUCCH transmission, DL ACK/NACK is always carried by PUCCH, and aperiodic CSI is always carried by PUSCH, while periodic CSI could be carried by PUCCH if the UCI consists only of periodic CSI, or could be piggybacked on PUSCH if the UCI consists of both ACK/NACK and periodic CSI.
Similar to the power scaling strategy for multiple PUCCH transmission, there could also be some priority rules based on UCI type, the importance of eNBs and channel quality of eNBs. Besides the prioritization of ACK/NACK and periodic CSI discussed in section 2.1, the order of periodic CSI and aperiodic CSI should be considered for PUSCHs with UCI. It is not necessary to drop periodic CSI when periodic CSI and aperiodic CSI for different eNBs collide in the same subframe, but aperiodic CSI could be prioritized because aperiodic CSI would be more urgent if the eNB triggers it.
Proposal 3: Allocating transmission power of PUSCH with UCI on multiple eNBs according to the priority rules based on UCI type and the importance of eNBs could be considered when the total transmission power exceeds UE maximum transmission power limitation.
2.1.3 Power scaling strategy for PUCCH and PUSCH with UCI

In Rel-11, there’re two possible combinations of simultaneous PUCCH and PUSCH with UCI. One is ACK/NACK transmitted by PUCCH while periodic CSI is piggybacked on PUSCH, the other is ACK/NACK is transmitted by PUCCH while aperiodic CSI is piggybacked on PUSCH. Obviously, UCI carried by PUCCH is more important than UCI carried by PUSCH. But it is not the case in dual-connectivity. There could be new combinations,
· SR is transmitted by PUCCH while periodic/aperiodic CSI is transmitted by PUSCH.
· Periodic CSIs for different eNBs are transmitted by PUCCH and PUSCH on different eNBs.
· Aperiodic CSIs for different eNBs are transmitted by PUCCH and PUSCH on different eNBs.
· Periodic CSI is transmitted by PUCCH while aperiodic CSI is transmitted by PUSCH.
It could be observed that, only the first case we could easily assume that UCI carried by PUCCH is more important than PUSCH. Thus, some similar rules such as prioritization based on UCI type and the importance of eNBs could be introduced. Besides the priority among DL ACK/NACK, SR, periodic CSI, aperiodic CSI and different reporting type of periodic CSI discussed in the previous sections, the priority of aperiodic CSIs would also be defined, e.g. it could be based on reporting modes. On the other hand, from the power efficiency perspective, the desired transmission power of PUCCH could be much smaller than PUSCH with UCI particularly when the number of PRBs of PUSCH is comparatively larger than one PRB of PUCCH. Therefore, whether to introduce new rules other than to prioritize PUCCH over PUSCH with UCI need further study.
Proposal 4: Whether to introduce new rules other than to prioritize PUCCH over PUSCH with UCI when the total transmission power exceeds UE maximum transmission power limitation need further study.
2.1.4 Power scaling strategy for PUSCHs without UCI
The above sections analyze possible new combinations of UCI transmission and potential power scaling strategies for dual-connectivity. For simultaneous PUSCH transmission without UCI, it seems no difference than that supported by intra-eNB CA in which the transmission power of PUSCHs is scaled with the same scaling factor for all CCs. However, in dual connectivity, the importance of data carried by PUSCH on MeNB and SeNB could be different because some radio bearers may be only served by a certain eNB. RAN2 agreed that RRC message can only be transmitted to/from MeNB [6]. Moreover, some latency sensitive traffic such as VoIP may only be served by the MeNB with bearer split architecture. Therefore, it would be worthwhile to consider prioritization of PUSCHs without UCI between eNBs, e.g. allocating transmission power to the MeNB over that of SeNB.
Proposal 5: Prioritization between MeNB and SeNB could be considered for the case of simultaneous PUSCHs transmission without UCI when the total transmission power exceeds UE maximum transmission power limitation.
2.1.5 Power scaling strategy for PRACH

In Rel-11, the random access procedure could be performed on SCell if the SCell belongs to the different TAG (sTAG) other than pTAG that containing PCell to establish time alignment for the corresponding sTAG. Consequently, PRACH on SCell could be transmitted simultaneously with PUSCH/PUCCH on other CCs. In the case of power limitation, PRACH is prioritized over PUCCH/PUSCH. The main concern is to keep constant power of PRACH preamble for the duration of the preamble which may last for multiple subframes. Besides, because only non-contention based PRACH is supported on SCell which is ordered by eNB via PDCCH, it would be easy for eNB to control the occasion to order PRACH to avoid simultaneous transmission if a UE is likely to be power limited.

However, the contention based random access procedure could be performed on SeNB in dual-connectivity. Due to independent scheduler per eNB, it is difficult for either MeNB or SeNB to efficiently avoid the simultaneous transmission of PRACH and PUCCH/PUSCH on different eNBs. Therefore, such simultaneous transmission could not be considered as a corner case anymore.
It is unlikely that a large preamble duration would be used by UEs served by SeNB due to relatively limited coverage and dense deployment of small cells. With preamble format 0 with 1ms duration, it seems no problem to keep the constant power within the preamble duration when scaling the power if the timing difference between multiple TAGs is within certain range, because PRACH is transmitted without TA and it only lasts 903us. Moreover, considering important messages such as RRC messages are only transmitted by the MeNB, dropping or scaling the power of PUCCH of MeNB would have more serious impact. Therefore, it would be sensible to re-evaluate the priority of PRACH over PUCCH/PUSCH in dual-connectivity. It is also noted that the random access procedure could be performed by SeNB even if SeNB and MeNB are in the same TAG. But it would probably be unusual to configure SeNB and MeNB in the same TAG (if this is supported).
Proposal 6: Prioritization of PRACH over other UL channels would need reconsideration when the total transmission power exceeds UE maximum transmission power limitation.
2.2 Partial overlap between UL channels on MeNB and SeNB
In dual-connectivity, inter-eNB cross-carrier scheduling would not be supported and DL ACK/NACKs of different eNBs could be generated separately, UE may not need to buffer data for one of two CCs from different eNBs during the time difference between MeNB and SeNB. Therefore, it would not necessarily restrict the timing difference between multiple TAGs within 32.47us as specified in Rel-11 CA.
With the relaxed timing difference, the overlapped region would not be negligible compared with the 20us transition time specified by RAN4. Whether it is sufficient to still leave UE behaviour unspecified needs careful investigation. It would be impossible for either SeNB or MeNB get the knowledge of accurate overlapped region if TA command is transmitted by different eNBs independently. Furthermore, it would also be infeasible for either eNB to know the exact amount of power scaling timely. As a result, the power compensation at the eNB side could be quite difficult which leads to severe impact on the demodulation performance particularly for QAM. In addition, whether or not the priority of different UL channels could still be left as an implementation issue also needs further study. Power scaling of a fraction of an OFDM symbol of more than 32.47us, or even several OFDM symbols could seriously destroy the orthogonality of PUCCH. Undesirable DL retransmission due to ACK/NACK reception errors may occur for not only the power limited UE but also other UEs served by the same cell.
Proposal 7: New power scaling strategies would be needed for partially overlapped region.
3. Conclusions

In the contribution, we discussed how to allocate the power to different UL channels when the total transmission power exceeds UE maximum transmission power limitation PCMAX. Possible new combinations of PUCCH and PUSCH with UCIs are analyzed and potential priority rules are discussed to efficiently allocate the UL transmission power. The prioritization of PUSCHs without UCIs are also discussed. Our initial proposals are:
Proposal 1: Allocating transmission power of PUCCH on multiple eNBs according to priority rules based on UCI type and the importance of eNBs could be considered when the total transmission power exceeds UE maximum transmission power limitation.
Proposal 2: Reduction of the content of PUCCH with lower priority could be considered to further improve the performance of PUCCH with reduced power.
Proposal 3: Allocating transmission power of PUSCH with UCI on multiple eNBs according to the priority rules based on UCI type and the importance of eNBs could be considered when the total transmission power exceeds UE maximum transmission power limitation.
Proposal 4: Whether to introduce new rules other than to prioritize PUCCH over PUSCH with UCI when the total transmission power exceeds UE maximum transmission power limitation need further study.
Proposal 5: Prioritization between MeNB and SeNB could be considered for the case of simultaneous PUSCHs transmission without UCI when the total transmission power exceeds UE maximum transmission power limitation.
Proposal 6: Prioritization of PRACH over other UL channels would need reconsideration when the total transmission power exceeds UE maximum transmission power limitation.
Proposal 7: New power scaling strategies would be needed for partially overlapped region.
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