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1. Introduction

In RAN1#55bis meeting, non-contiguous data transmission per component carrier was agreed as CL-DFT-S-OFDM as follows.
· PUSCH transmission (MIMO and non-MIMO) uses DFT-precoding

· On top of Rel-8 operation:

· Control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM type multiplexing

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO

In this contribution, we discuss issues brought up to support CL-DFT-S-OFDM.

2. Issues on CL-DFT-S-OFDM
2.1. Resource Allocation
Several resource allocation schemes [1][2][3] regarding resource allocation based on Rel-8 DL schemes have been proposed. RBG bitmap type [1] allows fully flexible mapping over the bandwidth with RBG granularity, and the others are RBG start-length [2] (or RBG start-end [3]) type which are constrained with restricted number of clusters based on the simulation result that the performance enhancement is saturated in case 2 or 3 clusters [4]. 

In deciding resource allocation scheme for CL-DFT-S-OFDM, payload size of DCI format and restriction to the maximum number of clusters should be considered at the same time. To support contiguous allocation and non-contiguous allocation, a common DCI format or different two formats for each allocation can be considered. In case of a common DCI format, because there already exists optimized format for DL/UL contiguous allocation, additional bits due to non-contiguous allocation should be kept small. Then, scheduling flexibility of the non-contiguous allocation may be restricted. On the other hand, in case of different formats, the format for non-contiguous allocation can have a more margin for additional bits for flexible mapping. However, the blind decoding trials are increased due to the different format size.
We should decide whether the maximum number of clusters should be limited or not in consideration of trade-off point among flexibility of mapping, overhead of DCI format for uplink scheduling and impact on blind decoding.
2.2. DM RS
DM RS for PUSCH should be designed to support the non-contiguous mapping of PUSCH. In order to demodulate scattered PUSCH due to CL-DFT-S-OFDMA, the DM RS should be also scattered accordingly. The careful studies for DM RS in conjunction with cubic metric, multi-user MIMO, inter-cell interference, and so on should be also necessary.
2.3. UCI piggyback
UCI piggyback in Rel-8 LTE system is designed considering only time domain distribution or RS position, because REs in the virtual domain subcarriers are spread over the real domain subcarriers within the scheduled RBs by the DFT spreading operation so that RE position in virtual subcarrier domain is not important. When it comes to CL-DFT-S-OFDM, it is same except that DFT output is mapped to non-contiguous RBs. Therefore, current UCI piggyback may not need to be modified by adopting the CL-DFT-S-OFDM.

By the way, UCI piggyback design with multiple layer transmission is another issue not arise from adopting the CL-DFT-S-OFDM. Further optimization may be considered in MIMO mode.
2.4. Frequency hopping
CL-DFT-S-OFDM transmission is most likely to be used for the frequency selective scheduling [4] and the frequency diversity gain achievable by frequency hopping with more than 1 cluster may not be considerable according to the analysis in [2]. In addition, resource allocation with RBG granularity would be beneficial to reduce resource allocation overhead [1][2][3] but it is hard to align the boundary of hopping RBs and the boundary of RBG. Therefore, it is preferable to disable frequency hopping with CL-DFT-S-OFDM transmission.
2.5. Precoding for MIMO
Rel-8 LTE DL MIMO supports both wideband and subband precoding. Each cluster might have different channel state so that cluster may be considered as a basic unit of subband precoding [5] in case of introducing subband precoding [6]. However, whether to support wideband or subband precoding or both in UL MIMO should be discussed under the MIMO subject. 
3. Summary
In this paper, issues to support the non-contiguous allocation of PUSCH are discussed. The considerable points are as follows:

· Resource Allocation: Flexibility of mapping, overhead in DCI format and impact on blind decoding should be considered.
· DM RS: It should be discussed whether to use Rel-8 UL RS sequence per cluster or other approaches for reduced UL RS CM. 
· UCI piggyback: Rel-8 design can be used without modification in UL SIMO
· Frequency hopping: It may not be necessary
· Precoding for UL MIMO: FFS
References
[1] R1-093424, “DCI Formats for uplink non-contiguous RB allocations,” Motorola
[2] R1-093391, “Control Signaling for Non-Contiguous UL Resource Allocations,” Samsung
[3] R1-093205, “Uplink Non-contiguous Resource allocation for LTE-Advanced,” ZTE
[4] R1-090206, “System-Level Evaluation of the Uplink Non-Contiguous Allocation,” LGE

[5] R1-090872, “SU-MIMO operation for UL of LTE-A Qualcomm Europe”, Qualcomm Europe
[6] R1-093260, “Comparison between uplink frequency selective and non-selective precoding,” LGE
















































































































































