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1. Introduction

The topic of uplink control enhancement was discussed in RAN1 #67 meeting. From the discussions it can be seen that enabling transmission of periodic CSI and HARQ-ACK in a subframe is widely supported in the working group [1]. In [2], we discussed such an enhancement and the following recommendations were made 

· In Rel-11, HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for FDD. 
· It is FFS whether HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for TDD when the number of HARQ-ACK bits is greater than 11.
In [3] and [4] we discuss further on details of such multiplexing, and present our recommendations on both general procedures and encoding details. In this paper, we will focus on another possible enhancement of UL control signalling, for the Macro-RRH deployments. In section 2 of this paper we briefly repeat the issues first pointed out by [5], and in section 3 we discuss on possible ways to alleviate the issue.  

2. UCI overhead issue in Macro-RRH Deployments
This issue was first described in [5],  where the scenario is mainly relevant for an area deployed with macro cells for wide coverage and a relatively large number of RRH cells within the coverage of every macro cell. In our understanding, this scenario is at least typical for urban areas with mature deployments of fiber backhaul and pico eNBs. Also, Rel-11 LTE features such as the new carrier type may be available in the near future for such deployments, where a typical set up will be to operate the macro cell with a backward compatible carrier and use the new carrier type for RRH cells to optimize the spectrum efficiency. Also, the system information and reference signals of the macro cell ensure robust mobility performance for all the UEs. 

While the scenario is interesting and may be practical in given areas, it results in heavy Pcell UL control overhead as pointed on in [5] when the number of UEs connected to the RRH cells is large and all the UL control signalling such as HARQ-ACK and periodic CSI are limited to the Pcell. For UEs that do not support PUCCH+PUSCH capability, the UCI will in most cases be piggybacked on Pcell PUSCH, while for UEs that support PUCCH+PUSCH, the UCI will mainly mapped to PUCCH, leading to heavy load on either PCell PUSCH or PUCHH.. In LTE Rel-10, the only case where UCI offloading to Scell PUSCH is supported is when Pcell has no PDSCH scheduled and when the UE does not have PUCCH+PUSCH capability. Clearly this is too restrictive in terms of Pcell scheduling. 
Another related issue with limiting HARQ-ACK or periodic CSI (or more specifically when these are contained by PUCCH) to Pcell only, is for inter-band CA with different TDD UL-DL configurations, also discussed in the Rel-11 CA enhancement WI. The problem arises for a given subframe in full duplex mode when according to their TDD configurations Pcell has a DL subframe and Scell has an UL subframe. One example is given in Figure 1 below where the Scell’s UL subframes are not a subset of the Pcell’s UL subframe, resulting in problematic HARQ-ACK timing for some UL subframes in the Scell, e.g., subframe #4 which has a DL association set that includes two DL subframes. As it was agreed in RAN1 that PUCCH is not supported on Scell in Rel-11 for inter-band TDD, the HARQ-timing of Scell need to be revised compared to Rel-10, otherwise the two Scell DL subframes associated with UL subframe #4 cannot be scheduled. However, if there is mechanism to offload the HARQ-ACK to Scell UL subframe #4, the Rel-10 HARQ timing can be reused. 
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Figure 1 Example of HARQ timing for Inter-band TDD

Recommendation #1
· We suggest RAN1 to consider the possible enhancement to support UCI offloading to Scell

· The solution should address heavy Pcell load in Macro-RRH deployment, and HARQ timing for full duplex mode in inter-band TDD with different CC-specific UL-DL configuration
3. Further Discussions on Possible Enhancements 

To solve the Pcell UCI load and TDD HARQ timing issues, it is desirable to enable offloading of UCI to Scell in a more flexible way than in LTE Rel-10. Such enhancements may be based on simple extension of existing Rel-10 functionalities, such as UCI piggybacking on Scell PUSCH and ARI-based PUCCH resource allocations.We propose the following baseline for such enhancements

· Considering the time line of LTE Rel-11 CA enhancement WI, it is desirable to minimize the standardization effort for such enhancements. 
· The offloading shall apply to both HARQ-ACK and periodic CSI 

· The solution should provide flexibility of locating UCI on either Pcell or Scell 
· At least semi-static switching between Pcell and Scell is supported
· The need for fast switching is FFS. 

With the above targets, one possible way is to reuse the ARI in LTE Rel-10. As discussed in Section 2, the main use case is when UE has data traffic on RRH cell(s). Therefore, the TPC bits in the PDCCH corresponding to Scell PDSCH can be interpreted as ARI, which is extended to be able to indicate resources on either Pcell or Scell. If PUCCH is not supported on Scell, the ARI bits can indicate some predefined PUSCH resources, in contrast to only indicating Pcell PUCCH resources in LTE Rel-10. 
4. Conclusions
In this paper, we discuss on another possible enhancement of UL control signalling, for the Macro-RRH deployments. Based on our analysis we have the following recommendation

Recommendation #1
· We suggest RAN1 to consider the possible enhancement to support UCI offloading to Scell

· The solution should address heavy Pcell load in Macro-RRH deployment, and HARQ timing for full duplex mode in inter-band TDD with different CC-specific UL-DL configuration
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