
3GPP TSG RAN WG1 Meeting #76bis





R1-141575
Shenzhen, China, 31th March– 4th April, 2014
Agenda Item:
  7.2.5
Source:


  ASUSTeK
Title:                  UL Power Control for Simultaneous UCI Transmission
Document for:   Discussion
1. Introduction

The work item of Dual Connectivity operation is to specify a multiple Rx/Tx UE in RRC_CONNECTED  configured to utilize radio resources provided by two distinct schedulers, located in Master and Secondary eNBs [1]. With regard to UCI feedback mechanisms, RAN1 #76 agreed that 
· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
In RAN1 #76, many contributions discussed the UL power issues in dual connectivity [2-7]. In this contribution, we discuss the handling of power exceeding issues with regard to UCI feedback and analyze some potential power handlings. 

2. Simultaneous UCI transmission in case of power-limited
As the agreement conducted, the UCI (at least HARQ-ACK and CSI) related to SCG cells is transmitted to the SeNB only, and the UCI (at least HARQ-ACK and CSI) related to MCG cells is transmitted to the MeNB only. The radio resources of MCG cells and SCG cells are independently operated and scheduled by MeNB and SeNB. Due to the limitation of non-ideal backhaul, it is proper to directly transmit the timely information, like SR, HARQ-ACK and CSI, to the corresponding eNB. Within each cell group, the handling of UCI transmission can just follow Rel-11 [8], especially a pSCell is specified to enable PUCCH transmission. Accordingly, it induces some new issues on UE transmit power. In legacy release, the UCI transmission in a subframe is transmitted on one UL channel (PUSCH or PUCCH), except the case that HARQ-ACK on PUCCH and CSI on PUSCH simultaneously. The power priority follows the order of PUCCH > PUSCH with UCI > PUSCH without UCI. Regarding the operation on dual connectivity, since the UCI related to MCG and SCG cells could be possibly transmitted in the same subframe, the power handling on these UL channels cross different cell groups would become more complex when the total UE transmit power exceeds maximum power, i.e. power-limited case. 
Following are three simplified scenarios about the simultaneous UCI transmissions between MCG and SCG: 
2.1 
PUCCH and PUCCH on different cell groups
PUCCH transmission is designed to deliver UCI including SR, HARQ-ACK, and periodic CSI. In legacy release, the priority based on UCI type follows the order of SR> HARQ-ACK> periodic CSI. The higher priority of SR and HARQ-ACK is to avoid the delay of UL data delivery and unnecessary DL retransmission. The importance of periodic CSI is comparatively lower, and network could trigger aperiodic CSI if need. Considering the power limited case of PUCCH of Pcell and PUCCH of pSCell, the reason could still retain to give SR and HARQ-ACK higher priority than periodic CSI. As to SR and HARQ-ACK, the priority could also keep as legacy rule if there is no special concern. Thus, power priority between PUCCH and PUCCH in case of power limited could be based on the UCI type. Furthermore, if the UCI types related to MCG and SCG are the same, the power priority based on cell group could be further considered. Since the RRC connection and mobility are controlled by MCG, it seems reasonable to prioritize the UCI transmission of MCG. 
In general, the power limited case is not expected to occur when only two PUCCH transmissions. Since the PUCCH transmission occupies a few physical resources, the required power is generally lower than PUSCH transmission. If only the PUCCH of Pcell and PUCCH of pSCell would induce power limited problem, the power problem on PUSCH transmission of SCG could become more severe. Thus, the power exceeding case of only two PUCCH transmissions may be quite rare.

Observation 1: In case of power limited between MCG and SCG, the UCI type can be utilized to determine the power priority between two PUCCH transmissions on different cell groups.

2.2 
PUCCH and PUSCH with UCI on different cell groups
There are two cased for the UCI multiplexed on PUSCH. 
When simultaneously PUCCH and PUSCH transmission is configured, the UCI multiplexed on PUSCH is periodic CSI or aperiodic CSI. If the PUCCH transmission in the other cell group is SR or HARQ-ACK, the PUSCH with UCI would have lower power priority with the concern on the non-delivered impact of different UCI types as discussed in section 2.1. If the PUCCH transmission in the other cell group is periodic CSI, the aperiodic CSI on PUSCH could have higher power priority than periodic CSI since aperiodic CSI is triggered by network. Besides the consideration of PUCCH and PUSCH related to different cell group, if there is also PUCCH transmission on the same cell group of the PUSCH, the power handling of both PUCCH could follow the discussion in section 2.1.
When simultaneously PUCCH and PUSCH transmission is not configured, the UCI multiplexed on PUSCH may include HARQ-ACK, periodic CSI or aperiodic CSI. The additional case is HARQ-ACK multiplexed on PUSCH. Without inducing unnecessary DL retransmission, HARQ-ACK transmission could be ensured first if the PUCCH in the other cell group is periodic CSI reporting. Thus, it is possible that a PUSCH with HARQ-ACK is prioritized over a PUCCH with periodic CSI in the operation of dual connectivity. According, the UCI type could be utilized to determine the power priority of these UL channels instead of based on UL channel type, since the importance of UCI type should be the reason why PUCCH has higher priority than PUSCH with UCI in legacy release. Furthermore, if the UCI types related to MCG and SCG are the same, the power priority based on cell group or channel type could be possibly considered. 
Observation 2: In case of power limited between MCG and SCG, the UCI type can be utilized to determine the power priority between PUCCH and PUSCH with UCI on different cell groups.
2.3 
PUSCH with UCI and PUSCH with UCI on different cell groups
The UCI multiplexed on PUSCH includes periodic CSI or aperiodic CSI, and HARQ-ACK if simultaneously PUCCH and PUSCH transmission is not configured. The UCI multiplexed on PUSCH and PUSCH is quite similar with the case of UCI on PUCCH and PUCCH, with the addition of data. Thus, the power priority rule could also base on UCI types: HARQ-ACK> aperiodic CSI> periodic CSI. If the UCI types related to MCG and SCG are the same, the power priority based on cell group could be further considered. 

Observation 3: In case of power limited between MCG and SCG, the UCI type can be utilized to determine the power priority between two PUSCH with UCIs on different cell groups.
3. Conclusion

In this contribution, we discuss the handling of power exceeding issues with regard to UCI transmissions. Considering simultaneous UCI transmission on different UL channels between different cell groups, the power priority based on UCI type could be applied for each case, to have a simple and consistent rule for the UL transmit power handling. Thus, based on the observation 1-3, we propose:
Proposal 1: In case of power limited between MCG and SCG, the power priority of UL channels depends on the delivered UCI type, i.e. SR> HARQ-ACK> aperiodic CSI> periodic CSI.
Proposal 2: In case of power limited between MCG and SCG, if the UCI type of two channels is the same, the power priority based on cell group can be further considered.
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