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1 Introduction

PUCCH transmission on a SCell from a UE configured with CA operation [1] was discussed in RAN1#68. In particular, two fundamental approaches were identified; a first relying on direct re-use of dual connectivity (DC) operation and a second relying on enhancing Rel-12 CA operation without introducing all features of dual connectivity operation. In addition, the following was agreed regarding UL power control for Rel-13 CA with PUCCH on one Scell
· On the UL power control for Rel-13 CA with PUCCH on one Scell, the followings are adopted

· In the power-limited case, power scaling is applied based on UCI type priority as in Rel-12 Dual connectivity, i.e., PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS, with following exception and FFS

· Exception: minimum guaranteed power for each CG is not supported
· FFS: whether the CG with Pcell is prioritized over the CG with Scell only, in case when same UCI type is collided between CGs

· FFS: whether aperiodic CSI and periodic CSI have same priority

This contribution considers the trade-offs between re-using the same functionalities as for DC versus enhancing the functionalities of Rel-12 CA operation in order to provide functional support for PUCCH transmissions from a UE in a SCell for Rel-13 CA. For clarity, and without confusion with the PSCell terminology used for DC operation, the SCell will be referred to as PScell (for Rel-13 CA operation).  

2 Re-Using DC versus Enhancing CA for PUCCH on SCell
2.1 Approach 1: DC Re-Use 

In RAN1#80 it was discussed whether the above decision, and in particular the aspect that “minimum guaranteed power for each CG is not supported” already preclude the re-use of DC specifications to support PUCCH on PSCell for Rel-13 CA. As the values of 
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 can be specified to be equal to zero, this is equivalent to not supporting a minimum guaranteed power for each CG and therefore re-using DC specifications can be consistent with existing agreements. 
At the physical layer, re-using DC specifications will require the following three functionalities that are not supported or are not mandated in Rel-12 CA
a) CSS on PSCell, where the UE is configured to transmit PUCCH, to provide TPC commands for PUCCH Format 2.
b) Multiplexing, in a same subframe, first UCI in a first PUSCH transmitted in a cell of the CG associated with the PCell and second UCI in a second PUSCH transmitted in a cell of the CG associated with the PSCell.
c) Supporting PUSCH and PUCCH transmissions in a same subframe.
It is noted that the second functionality is currently not supported by an eNB either for Rel-12 CA or for Rel-12 DC. Also, SR transmission on the PSCell is supported but this falls under supporting UCI transmissions on PUCCH in the PSCell. Moreover, as in DC operation, the path-loss estimate for power control for PUCCH on the PSCell is based on the RSRP on the PSCell, type 2 PHR includes the PSCell, and cross-CG cross-carrier scheduling is not supported. It is also noted that all functionalities, with the exception of supporting CSS on the PSCell, are also considered in the approach relaying on enhancing Rel-12 CA operation.   
Observation 1: Full re-use of DC functionalities can be considered for supporting PUCCH on a PSCell for Rel-13 CA if introduction of CSS on the PSCell, transmissions in same subframe of PUSCH with UCI in the first CG and PUSCH with UCI in the second CG, and transmissions in same subframe of PUSCH and PUCCH are acceptable. 
2.2 Approach 2: Enhancing Rel-12 CA 

The following are considered if an approach relying on enhancing Rel-12 CA operation is considered for supporting PUCCH on a PSCell for Rel-13 CA 
a) No cross-carrier scheduling among CGs (already an agreement from RAN1#77 but FFS in RAN#80). Some flexibility is lost but this is unlikely to have a material impact on the overall system operation while substantial specification changes are avoided.

b) The path-loss estimate for power control for PUCCH on the PSCell is based on the RSRP on the PSCell.
c) Type 2 PHR includes PUCCH transmission on the PSCell.
d) CSS on the PSCell is not supported – TPC commands for PUCCH Format 2 on the PSCell are provided by DCI Format 3/3A on the PCell. For a UE or an eNB that support CA but do not support DC, this does not require increasing the number of UE blind decoding operations and requires minimal changes to the eNB operation.
e) UCI multiplexing in a same subframe in a PUSCH transmitted in the first CG and in a PUSCH transmitted in the second CG is not supported. This is unrelated to the motivations for supporting PUCCH on the PSCell, avoids potential power scaling of UCI transmissions, avoids introducing new functionality in an eNB operation (Rel-12 CA or Rel-12 DC operation is maintained at an eNB), and indirectly avoids mandating simultaneous PUCCH and PUSCH transmissions (PUSCH+PUCCH can remain an optional UE capability). 

Observation 2: For enhanced CA operation, the main differences from re-using DC operation to support PUCCH on the PCell need to include absence of CSS on the PSCell with support of TPC commands from the PCell for PUCCH Format 2 on the PSCell and always multiplexing UCI in a single PUSCH.  

Based on the above analysis, it is somewhat preferable to enhance CA operation rather than re-use DC operation in order to support PUCCH on a PSCell for Rel-13 CA. However, the differences between the two approaches are not significant. If it is preferable to minimize/avoid new physical layer specifications, re-using DC functionalities can be selected. If it is preferable to minimize new functionalities for CA-capable, but not DC-capable, UE or eNB, enhancing Rel-12 functionalities can be selected (although some of the enhancements are same as ones supported in Rel-12 DC operation).  
3 Conclusions

This contribution considered the support of PUCCH transmissions on a PSCell for Rel-13 CA. In particular, the following observations are made.
Observation 1: Full re-use of DC functionalities can be considered for supporting PUCCH on a PSCell for Rel-13 CA if introduction of CSS on the PSCell and simultaneous transmission of PUSCH with UCI in the first CG and PUSCH with UCI in the second CG are acceptable. 
Observation 2: For enhanced CA operation, the main differences from re-using DC operation to support PUCCH on the PCell need to include absence of CSS on the PSCell with support of TPC commands from the PCell for PUCCH Format 2 on the PSCell and always multiplexing UCI in a single PUSCH.  

Based on the above observations, an important consideration is whether a Rel-13 CA-capable UE that supports PUCCH on a PSCell can be assumed to also support DC. If so, re-using Rel-12 DC functionalities can be selected; otherwise, enhancing Rel-12 CA functionalities can be selected. 
Proposal: Discuss whether a Rel-13 UE supporting PUCCH on PSCell can be assumed to support Rel-12 DC. If so, re-using DC functionalities can be considered; otherwise, enhancing Rel-12 CA functionalities can be selected. 
References:

[1] RP-142286, “New WI proposal: LTE Carrier Aggregation Enhancement Beyond 5 Carriers” 
PAGE  
2

_1467738297.unknown

_1467779585.unknown

