Page 1

3GPP TSG RAN WG1 Meeting #81
R1-153023
Fukuoka, Japan, 25th - 29th May 2015

Agenda item:      6.2.2.2.1
Source:                HTC
Title:                     On extention of PUCCH on Scell to support 32 DL CCs
Document for:     Discussion and Decision
1. Introduction

Enhanced carrier aggregation (CA) to support up to 32 carriers is one of the main features introduced in Release 13, partly inspired by the technique LAA (Licensed-Assisted Access) in the 5GHz band. Such extension beyond 5 carriers would allow the operators to utilize the available spectrum, especially the unlicensed bands, in a more efficient way. Progress has been made in the past few meetings, including the standardization of PUCCH on Scell for up to 5 CCs, and PUCCH format enhancement [1]. Most progress and agreements are found in PUCCH on Scell, which is a continuation of previous discussion on the support of PUCCH on SCell for CA following the framework of dual connectivity (DC). 
	Agreements:
· SR on PUCCH SCell can be supported
· UE reports Type 2 PHR for PUCCH on SCell
· UE does not monitor common search space on the SCell carrying PUCCH
· Cross-carrier scheduling between PUCCH CGs is not supported
· For the power limited case, PUCCH CG with PCell is prioritized for the same UCI type between different PUCCH CGs
· For the PUCCH carried by the SCell, either the primary cell or the PUCCH SCell is configured as pathloss reference by higher layer signalling in the following cases:

When the UE is configured with a single TAG, or

When the UE is configured with multiple TAGs and the PUCCH SCell belongs to a TAG containing the primary cell

Otherwise (i.e., the PUCCH SCell belongs to a secondary TAG), the PUCCH SCell is the pathloss reference for the PUCCH carried by the SCell.
· UCI multiplexing on PUSCH is per CG basis


For enhancement to DL control signaling, it has been agreed to keep a 3-bit CIF, with no enhancement regarding PHICH resource collision and eIMTA signaling. 

Agreements
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF
The number of blind decoding necessary to support 32 CCs raises a few problems like spurious transmission of PUCCH due to false detection. In this contribution, we propose to extend the PUCCH on Scell to more than 1 group to support 32 DL CCs..

2. Discussions
Progress has been made in the standardization of enhanced CA to support 32 DL CCs. Especially the feature of PUCCH on Scell. However, due to the large number of blind decoding that comes with supporting a large number of DL CCs, difficulties such as power consumption, UE complexity, and false detection arise. 
The length of the CIF has received a lot of attention in the past meeting, and it has been agreed to keep a 3-bit field and no cross carrier scheduling between different carrier groups is supported. A total of 8 carriers can be indicated by the CIF now. This is a reasonable compromise considering the prohibitive complexity if all 32 carriers can be cross carrier scheduled within a single carrier. As a result, such an agreement puts an upper limit on the number of carriers that could be indicated using the CIF. The problem of false detection of DL grant giving rise to spurious transmission of PUCCHs is also a major issue in the last meeting. This problem can be alleviated if the number of scheduled DL CCs is limited to a reasonable amount. 

In our view, current issues and discussions all point to the solution of forming multiple carrier groups, i.e., by extending the concept of PUCCH on Scell to multiple groups. By limiting the maximum number of carriers within a group to 8 carriers, cross carrier scheduling can be fully functional within a cell group. Also the problem of false detection can be largely dismissed. Since the current standardization is focused on PUCCH on Scell to support only 5 CCs, we have the following proposal:

Proposal 1: Consider extending PUCCH on Scell to support more than 5 CCs.
Such a possibility should be kept in mind during the course of standardizing PUCCH on Scell to allow for a smooth future upgrade. To support a total of 32 carriers, the next step is to consider multiple PUCCH groups. Having multiple carrier group while limiting the maximum number of CCs within each group can avoid a large number of blind decoding, hence the problem of UE complexity, and false detection [2]. As an example, consider the case that 32 carriers are to be supported using the original PUCCH formats only. The concept of carrier group can be similarly defined as a group of n DL CCs, n ≤ 5. As before, each DL CC is associated with an UL CC in the case of an FDD cell, and one of the UL CC is designated as primary and is the only UL CC that carries PUCCH within the CG. Depending on the total number of DL CCs to be supported, a different number of CGs can be formed. The number of carriers which carry PUCCH is equal to the number of CGs under such an arrangement. Such a framework is backward compatible yet highly flexible. Enhancement to the PUCCH format can proceed in a parallel manner under the proposed framework. Accordingly, we have the following proposal:
Proposal 2: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
3. Conclusions
In this contribution, we have discussed the design to support CA systems with 32 carriers. The concept of carrier grouping has been proposed. The proposed framework is able to achieve backward compatibility while supporting a flexible CA enhancement. We have the following proposals:
Proposal 1: Consider extending PUCCH on Scell to support more than 5 CCs.
Proposal 2: Adopt the framework of carrier grouping for the design of CA with 32 carriers.
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