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1. Introduction

In RAN#66 plenary meeting, proposal for CA enhancement beyond 5 carriers was approved as Rel-13 work item with following two targets [1]. One is to support PUCCH on Scell for CA and the other is enhancing the CA capabilities up to 32 carriers. The objectives of this WI are summarized as below. 

	1. For Rel-12 CA configurations, specify and complete the support of PUCCH on SCell for UEs supporting uplink Carrier Aggregation.

· Develop the physical layer specifications for PUCCH on SCell based on the UCI mechanism for Dual Connectivity (i.e., PUCCH is configured simultaneously on PCell and one SCell) and based on the UCI signalling formats on PUCCH defined for Rel-12 CA configurations [RAN1 until RAN#68].

· Identify and specify required L2/L3 functions and procedures to support PUCCH on SCell for the UE [RAN2].

2. Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
· Enhancements to UL control signalling for up to 32 component carriers [RAN1]
· Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for  up to 32 DL carriers 
· Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
3. Specify the necessary (if any) eNB and UE core requirements [RAN4]

· No band specific RAN4 work is planned as part of this work item.


In this contribution, we address and discuss consideration points for supporting PUCCH on Scell (denoted as “PUCCH-Scell” hereafter) in Rel-13 CA based on the UCI mechanism for Rel-12 dual connectivity, in aspects of configuration on PUCCH-Scell, UCI piggyback on PUSCH, and UL power control. 
2. Considerations on supporting PUCCH on Scell for CA
Basically, unlike the Rel-12 dual connectivity (simply denoted as “DC”) in which scheduling, control signalling, and feedback for each CG (Cell Group) is separately performed by different eNBs, all the cells (CGs) are scheduled/controlled by a single (same) eNB in the CA, even with configuring PUCCH on Scell. In case of DC, since one eNB cannot dynamically monitor or expect scheduling/signalling on the CG belonging to the other eNB, it might be inevitable to adopt somewhat inefficient operation and processing. On the other hand, in case of CA, there seem to be some consideration points to be checked for adopting more efficient operation/processing with PUCCH on Scell since scheduling/signalling on all the cells (CGs) could be known to a single (same) eNB. 
· Configuration on PUCCH-Scell
In case of DC, since pScell is required to have Pcell functionality in SCG at least for UCI on PUCCH, PUCCH transmission on the pScell is to be done for all the UCIs including HARQ-ACK, SR, and periodic CSI corresponding to the SCG. In case of CA, on the other hand, since main purpose of configuring PUCCH-Scell would be PUCCH offloading to Scell, it may need to consider whether PUCCH offloading to the PUCCH-Scell should always be configured for all the UCIs. In other words, it can be considered in the CA to configure PUCCH transmission on the PUCCH-Scell for a part of UCIs (e.g. HARQ-ACK) according to PUCCH resource load in Pcell and/or PUCCH-Scell. 
Proposal 1: Consider configuration of PUCCH on Scell for PUCCH offloading by considering PUCCH resource load in Pcell and/or the PUCCH transmitting Scell.
· UCI on PUSCH with PUCCH-Scell
In case of DC, UCI piggyback on PUSCH is to be performed within each CG because each CG belongs to different eNB. Considering the CA with PUCCH on Scell, unlike the DC, following two alternatives can be considered: Alt 1) UCI piggyback per CG as in DC with pScell, and Alt 2) UCI piggyback over CG as in CA without PUCCH-Scell. With Alt 1, related operation would be simple, but UCI transmission power might be scaled (down) in power-limited case if UCI transmission is required in both CGs. With Alt 2, UCI transmission power can be preserved compared to Alt 1 since UCIs for both CGs are piggybacked on a single PUSCH, but related operation would relatively be a bit complicated. 
Proposal 2: Consider proper and efficient UCI piggyback on PUSCH in case of configuring PUCCH on Scell under CA structure.
· UL power control with PUCCH-Scell
In case of DC, in order to minimize UCI (and associated DL) performance impact across CGs by UL power control, simple UCI priority, i.e., HARQ-ACK = SR > CSI > SRS (MCG > SCG for the case of same UCI in both CGs), is applied for power adjustment across CGs in power-limited case. On the other hand, for the CA with PUCCH on Scell, it could be possible to apply more efficient UCI priority, e.g. aperiodic CSI > periodic CSI, between CGs for faster/finer CSI acquisition since performance of all the CGs could be expected/managed by the same eNB. 
Moreover, for the similar reason with above, guaranteed power is configured in the DC for each CG, which is applied for all the UL transmissions including UCI signalling. For the CA with PUCCH on Scell, however, it is needed to discuss whether configuring the guaranteed power is indeed required even though UL transmissions from all the CGs would be controlled by the same eNB. If inaccurate UL power tracking (in terms of, e.g. TPC or PHR) is to be handled, it can be considered to configure the guaranteed power only for some important UCI (e.g. HARQ-ACK). 
Proposal 3: Consider proper and efficient UL power control with PUCCH on Scell under CA structure, in terms of UCI priority and guaranteed power.
· Common search space on PUCCH-Scell
In case of DC, on top of UCI transmission on PUCCH, pScell is required to transmit PDCCH common search space (CSS) for the DC-configured UEs, at least for RAR scheduling, DCI format 3/3A based power control, and DCI based subframe reconfiguration for eIMTA in SCG. In case of CA, since PUCCH-Scell would be configured mainly for PUCCH offloading to Scell as mentioned above, CSS transmission might not be essential for the PUCCH-Scell. However, considering the situation that a same cell is configured as Pcell commonly for multiple UEs from network perspective (e.g. CA scenario 4) and large number (e.g. up to 32) of cells are aggregated for a UE in Rel-13, it may need to discuss whether CSS on PUCCH-Scell is required to be configured for CSS offloading to Scell in Rel-13 CA. 
Proposal 4: Consider configuration of CSS on PUCCH transmitting Scell for CSS offloading to Scell for large CA in Rel-13.
3. Conclusions

In this contribution, we discussed consideration points for supporting PUCCH on Scell in Rel-13 CA. Based on above, we propose:

Proposal 1: Consider configuration of PUCCH on Scell for PUCCH offloading by considering PUCCH resource load in Pcell and/or the PUCCH transmitting Scell.
Proposal 2: Consider proper and efficient UCI piggyback on PUSCH in case of configuring PUCCH on Scell under CA structure.
Proposal 3: Consider proper and efficient UL power control with PUCCH on Scell under CA structure, in terms of UCI priority and guaranteed power.
Proposal 4: Consider configuration of CSS on PUCCH transmitting Scell for CSS offloading to Scell for large CA in Rel-13.
4. Reference

[1] RP-142286, “New WI proposal: LTE Carrier Aggregation Enhancement Beyond 5 Carriers,” Nokia Corporation, NTT DoCoMo Inc., Nokia Networks
