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1. Introduction
In RAN1#55bis, the following agreement was made regarding non-contiguous resource assignment per component carrier: 

· 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
To accommodate non-contiguous data transmission, a number of contributions have addressed the above issues [1-8]. Several inter-related issues have been identified:
· The maximum number of PDCCH blind decodes: This is related to possible reuse of the existing DCI formats
· The maximum of non-contiguous clusters
· Relation with UL SU-MIMO

In this contribution, we discuss the above issues and state our view on the non-contiguous PUSCH resource allocation.  
2. Design Aspects
It has been mentioned by several companies that the maximum number of PDCCH blind decodes should be kept the same as Rel-8. This seems to be a common view across companies. While the maximum number of blind decodes may not be a dominant factor in terms of UE complexity, increasing the number of blind decodes may result in some significant increase in false detection probability which is detrimental to the UL system capacity. Therefore, it is best to keep the maximum number of blind decodes the same as Rel-8. Keeping in mind this goal, the following design aspects are further discussed.
2.1. Switching between UL SIMO and SU-MIMO
The system can be designed such that the switching between UL SIMO and SU-MIMO is either semi-static or dynamic. Here, semi-static implies that the switching is performed via an RRC reconfiguration. Hence, switching cannot occur in sub-frame basis. To enable dynamic switching in sub-frame basis, the associated DCI format needs to be designed to accommodate both UL SIMO and SU-MIMO. While this is possible, it results in an increase of overhead in both cases (especially for UL SIMO). Furthermore, the need for such dynamic switching is unclear since a typical DCI format design for UL SU-MIMO should be able to accommodate a single-layer fallback mode. In the event of antenna gain imbalance, it was already agreed that the UL codebook contains some elements which enable antenna turn-off. 
In light of the above discussion, semi-static switching between UL SIMO and SU-MIMO seems justified. In this case, the DCI format for UL SU-MIMO can be designed separately from UL SIMO. That is, having different DCI formats for UL SIMO and SU-MIMO does not increase the number of blind decodes. 
2.2. Switching between contiguous and non-contiguous RA
In relation to the switching between contiguous and non-contiguous RA, the switching between contiguous and non-contiguous RA can be either semi-static or dynamic. This is true regardless whether the support of non-contiguous UL transmission is a UE capability or not. The following observations can be made:

· DCI format 0 is used in Rel-8 for contiguous RA in case of UL SIMO. Hence, the same DCI format 0 must be used for non-contiguous RA with SIMO if dynamic switching is to be supported. Several companies have expressed such view, e.g. [2]. In this case, the maximum number of non-contiguous clusters needs to be limited to 2. Such limitation may be reasonable since several simulation results suggest that most of the gain of non-contiguous RA can be attained with 2 non-contiguous clusters [1, 2]. In addition, frequency hopping is not supported for non-contiguous RA. Such DCI format can also be extended for UL SU-MIMO (termed DCI format 0’) by adding the precoding field and the MCS/HARQ field for the second codeword depending on the decision of HARQ bundling. 
· Note that it may still be reasonable to use DCI format 0 for non-contiguous RA regardless how the switching is. One reason is to minimize the overhead associated with the DCI format (assuming that the throughput gain from >2 clusters is not significant). However, if a non-contiguous RBG-based RA scheme analogous to that for DL is desired, DCI formats analogous to formats 1 (termed format 1-ul for UL SIMO) and 2 (termed format 2-ul for UL SU-MIMO) can be used. 
· The above discussion assumes UE-specific PDCCH search space. While DCI format 0 cannot be used for UL RA in all the above scenarios, it is still very well applicable for RA in common PDCCH search space. 

2.3. DCI format design
Table 1 summarizes different possibilities for DCI formats mentioned above. The maximum number of blind decodes can be kept to 2 per CCE aggregation size: 1 for UL and 1 for DL. In this case, whenever DCI format 0 is not used for UL, the compact DL RA based on DCI format 1A is not applicable. While this could be viewed as a loss in flexibility in DL RA, the effect on system performance (in particular PDCCH coverage) may not be significant. This is because such scenarios use at least UL SU-MIMO and UL non-contiguous RA which inherently require higher geometry compared – which may not be associated with coverage-limited scenarios.  
Table 1. Applicable DCI formats for UL non-contiguous RA
	PDCCH search space
	Configuration
	UL non-contiguous RA allocation

	
	
	Max 2 clusters
	RBG-based

	UE-specific search space
	UL SIMO
	0
	1-ul (similar to format 1, possibly more compact )

	
	UL SU-MIMO
	0’ (format 0 with SU-MIMO fields)
	2-ul

	Common search space
	UL SIMO
	0
	n/a

	
	UL SU-MIMO
	n/a
	n/a


3. Conclusion

This contribution addressed several aspects regarding the uplink non-contiguous resource allocation. Our view is summarized in Table 1. The final selection is pending the decision on the maximum number of non-contiguous clusters. From overhead perspective, supporting only a maximum of 2 clusters seems somewhat more attractive if most of the gain of non-contiguous RA can be achieved with 2 clusters. This, of course, may require further study.  
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