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1
Introduction
In RAN1#55bis, it was agreed that uplink non-contiguous resource assignment within a component carrier would be supported in LTE-Advanced. In RAN1#61, it was agreed that one of the following design options should be decided for the single Tx antenna case:

· 2 clusters (with UL DCI format aligned with DCI format 0)

· Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)

In addition, for SU-MIMO, the details are FFS. In this contribution, we provide our views on the remaining design details in supporting multi-cluster PUSCH transmission for the single Tx antenna case, as well as the SU-MIMO case.
2
Discussion

In RAN1#61, the following was agreed [1]:

· For single Tx antenna 

· Select one from the following two options at RAN1#61bis 

· 2 clusters (with UL DCI format aligned with DCI format 0)

· Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)

· Size of each cluster is one of the following: 
· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer) 
· Above number of values may be further reduced

· All clusters within one PUSCH transmission have the same resource granularity

· For SU-MIMO

· FFS

In addition, the following were agreed:

· Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission

· DL/UL transmission mode can be configured independently

· No additional blind decodings to support non-contiguous UL RA in single antenna transmission case 

· i.e. the size of the DCI format used to support non-contiguous UL RA is matched to the size of Format 0 or the semi-statically configured DCI Format size for the same UE

· Format size matching is done by padding one of the messages if necessary

· “No additional blind decodings to support non-contiguous UL RA” also applies to SU-MIMO case if SU-MIMO is supported with non-contiguous UL RA

Herein, we present our views on the remaining design details, a continuation from our earlier contribution in [2].
2.1
DCI Design Option for Single Tx Antenna
The key difference between the two DCI design options listed above results from whether to support 3 or more clusters or not. 
Under the full-buffer traffic model, several companies have presented simulation results, e.g., see references [2-8]. While some simulation results indicated little gain from 3 or more clusters, quite a few companies showed sizable performance improvement due to the support of 3 or more clusters, even when realistic SRS modelling, power control error modelling, and/or MPR were taken into account. It is worth noting that all the simulations so far assumed full-buffer traffic. In reality, when mixed traffic model is present, the need for 3 or more clusters may become more evident.
One concern over the support of 3 or more clusters is DCI overhead. Under 20MHz system bandwidth, DCI format 0 has a size of 44 bits, while DCI format 1 has a size of 55 bits, which respresents a 25% difference or roughly 1dB difference. However, it is expected that clustered PUSCH resource allocation typically targets UEs under favorable channel conditions. From system perspective, the difference between using DCI format 0 and using DCI format 1 for clustered PUSCH transmissions is thus much less than 1dB. The scheduling flexbility offered by existing DL resource allocation type 0 and type 1 is well justified.
Another concern is regarding the complexity of supporting 3 or more clusters. From RAN1 perspective, reusing existing DL resource allocation types is the most straightforward approach and requires miminal standard effort. Supporting 2-cluster PUSCH resource allocation via reusing DCI format 0 involves additional complexity (e.g., CQI RB indexing based resource allocation), resource allocation compromise/scheduling restrictions (granularity, addressable region, etc.), or a combination thereof.  Aligning the UL DCI format with the configured DL DCI format is simpler and thus preferable.
Based on the above, we propose:

· Proposal 1: For single Tx anntenna,  support option 2 (i.e., number of clusters not limited by the signalling – with UL DCI format aligned with configured DL DCI formats)
2.2
Support Clustered PUSCH RA for SU-MIMO
Another issue is regarding whether to support clustered PUSCH transmission under UL SU-MIMO. From performance perspective, the same performance gain and scheduling flexibility for the SIMO case are equally applicable to UEs under UL SU-MIMO operation. From DCI design perspective, the same design philosophy discussed earlier can also be applied – i.e., the UL DCI can support both SU-MIMO and clustered PUSCH resource allocation simultaneously, the same way as in the DL case (DCI formats 2/2A/2B). Again, the size difference between DCI format 0 and, e.g., DCI format 2 is not a serious concern, as UEs under SU-MIMO and clustered PUSCH operation are typically with good channel conditions. 
Therefore, we propose:

· Proposal 2: Support clustered PUSCH resource allocation for UL SU-MIMO.
3
Conclusions
In this contribution, we further provided our views on UL resource allocation for clustered DFT-S-OFDM operation in LTE-A. In particular, we propose that:

· For single Tx anntenna,  support option 2 (i.e., number of clusters not limited by the signalling – with UL DCI format aligned with configured DL DCI formats)

· Support clustered PUSCH resource allocation for UL SU-MIMO.
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