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1
Introduction
The Work Item ”LTE Carrier Aggregation Enhancement Beyond 5 Carriers” [1] targets at as the first objective to enhance uplink carrier aggregation framework to support PUCCH on SCell. This is captured in the approved WID tasks as:
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].
In this contribution, we review earlier Rel-12 Dual Connectivity WI discussions on SCell PUCCH and identify the areas in which enhancements will be needed for supporting PUCCH on SCell. 
2
Discussion
During Rel-12 Dual Connectivity WI, PUCCH on Scell was discussed, and following agreements were reached [2]:
If PUCCH on Scell for CA is supported,
· PUCCH transmission on two serving cells in CA is realized by following methods:

· On the PCell for SCells in PUCCH cell group 1

· On one SCell configured to carry PUCCH for SCells in PUCCH cell group 2

· One SCell can only belong to one PUCCH cell group

· One of the two serving cells is PCell 

· PUCCH on Scell only for CA is not supported in Rel-12

· PUCCH on two serving cells in CA is not supported within MeNB or SeNB 

· PUCCH on SCell with CA is realized by following methods:

· No cross-carrier scheduling between cells in different PUCCH groups

· FFS: How PUCCH power control will be supported

· PUCCH on SCell can carry HARQ-ACK feedback and CSI

· Ask RAN2 whether SR is necessary on SCell 

· Whether new terminologies PUCCH cell group 1 and 2 are introduced or not is up to RAN2

· FFS: Meaning of simultaneous PUCCH/PUSCH transmission capability bit introduced in Rel-10 will be not changed

· Consider introduction of one UE capability bit to indicate support for PUCCH on PCell and SCell in CA, separately from the indication of the support of dual connectivity
The conditional Rel-12 agreements for PUCCH on SCell for CA that were made under Dual Connectivity WI form a sensible base for introduction of PUCCH on SCell. One of key benefits is commonality between DuCo and CA Scell PUCCH from both specification and UE implementation point of view. Hence, we propose that the conditional agreements in [2] are adopted for Rel-13 PUCCH on SCell. 

Of course, we see that the Rel-12 conditional agreements should be changed if significant benefits with reasonable complexity are identified for other approaches. However, we have not identified such approaches. As an example, if SCell could belong to multiple PUCCH cell groups, instead of one PUCCH cell group, more flexible use of large PUCCH format(s) could be achieved resulting in more efficient use of PUCCH resources. On other hand, reasonable flexibility on the use of PUCCH formats can be achieved – if so desired – already within single PUCCH cell group. Hence, the achievable further increase on PUCCH format flexibility would need to justify the expected specification efforts and complexity from supporting SCell possibility to belong to multiple PUCCH cell groups. 
Transmission of UCI on PUSCH is an item that should be discussed and decided. If all the UCI were transmitted on PUSCH, whenever PUSCH is scheduled in any cell, single carrier properties of the signal could be maintained at least in some cases. However, our understanding of dual PUCCH operation is such that UE should always be capable to transmit PUCCH (or PUSCH) on both PCell and SCell simultaneously, when dual PUCCH is configured. We think that supporting also simultaneous PUSCH and PUCCH transmission at least between PUCCH groups should not be an issue. Because of this we propose that dual connectivity principles are used for transmission of UCI on PUSCH: 
· Simultaneous PUSCH and PUCCH transmission between PUCCH groups is always supported

· UCI of PUCCH is moved to PUSCH of the same group only

· Simultaneous PUCCH and PUSCH transmission is configured per PUCCH group
Proposal #1: Rel-12 conditional agreements for PUCCH on SCell for CA [2] are adopted for Rel-13 PUCCH on SCell
Proposal #2: Dual connectivity principle is used for UCI transmission on PUSCH: UCI of PUCCH is moved to PUSCH of the same PUCCH group only.

2.1 PUCCH power control
As stated above one of the issues that was found to require further study is PUCCH power control. The question that needs to be considered is, which aspects of the UL power control are based on dual connectivity operation and which are based on carrier aggregation and what kind of new things are needed. Because all the scheduling decisions are done by a single eNB, dual connectivity related operations to split the power resources like “guaranteed power” and “remaining power” are not needed. Also there may be UEs that support PUCCH on SCell but not dual connectivity, so power control defined for carrier aggregation is in our view better starting point.

Prioritization of different UL transmissions needs to be defined for the case that UE is power limited. Also power scaling and channel dropping rules of the lower priority channels needs to be defined. Regarding prioritization, CA principle is to only consider channel type. In dual connectivity also UCI type is taken into account when determining priority of the transmission. Because eNB can control powers of all the simultaneous transmission, there is no need to specify very detailed prioritization mechanisms. We think that priority order defined for carrier aggregation can be used in case of PUCCH on Scell. The new thing that needs to be considered is if PUCCH on PCell has a higher or equal priority compared to PUCCH on SCell.
Regarding power headroom reporting, in Rel-10 it was decided that when simultaneous PUSCH and PUCCH transmission is configured, two types Pcell headroom reports are sent to eNB, so that eNB knows, how much power is needed for PUSCH and PUCCH transmissions. We think that the same reporting should be used also in the SCell, where PUCCH is transmitted.
The mechanism to send closed loop commands to PUCCH on SCell can be mostly the same as in PCell PUCCH. TPC bits in DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D, which schedule transmissions for the cell group that use SCell PUCCH for Ack/Nack, are used to control the power of SCell PUCCH. SPS is still probably supported only in PCell so there is no need to consider DCI formats with CRC scrambled by SPS-RNTI. TPC-PUSCH-RNTI and TPC-PUCCH-RNTI that are used to decode DCI format 3/3A are defined for common search space only. In the SCell where PUCCH is transmitted, there is probably no need to define common search space. The main usage for 3/3A is SPS, where each transmission is not separately scheduled with (E)PDCCH. We think that support of TPC commands with DCI format 3/3A is not needed in the PUCCH SCell.
Proposal #3: UL power control principles defined for carrier aggregation are used as starting point to define power control for PUCCH on Scell. In case of UE power limitation the priority order of transmissions is: PRACH > PUCCH > PUSCH with UCI > PUSCH > SRS. FFS if PCell PUCCH has higher priority than SCell PUCCH

Proposal #4: Both type 1 and type 2 PHR is reported for the SCell carrying PUCCH.

Proposal #5: TPC command transmission via DCI format 3/3A is not supported for PUCCH on SCell
3
Conclusion
In this contribution, we discuss uplink carrier aggregation enhancements necessary to support PUCCH on SCell. Based on the discussions, we have the following proposals:

Proposal #1: Rel-12 conditional agreements for PUCCH on SCell for CA [2] are adopted for Rel-13  PUCCH on SCell
Proposal #2: Dual connectivity principle is used for UCI transmission on PUSCH: UCI of PUCCH is moved to PUSCH of the same PUCCH group only.

Proposal #3: UL power control principles defined for carrier aggregation are used as starting point to define power control for PUCCH on Scell. In case of UE power limitation the priority order of transmissions is: PRACH > PUCCH > PUSCH with UCI > PUSCH > SRS. FFS if PCell PUCCH has higher priority than SCell PUCCH

Proposal #4: Both type 1 and type 2 PHR is reported for the SCell carrying PUCCH.

Proposal #5: TPC command transmission via DCI format 3/3A is not supported for PUCCH on SCell 
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