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1. Introduction

In RAN1#55bis, it was agreed to support DFT-precoded OFDM as the UL transmission scheme both for the MIMO and the non-MIMO cases.

RAN1 Agreement:

· 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

LTE-A UL Control signaling related topics still remain as FFS. We believe that LTE-A UL control signaling has the potential of having a negative impact on the LTE-A coverage area, and can also impose a heavier burden on the UEs for blind decoding of PDCCH, unless steps are taken to design around these issues.

Hence, in this contribution, we show the following 

· There is a need of monitoring DCI format 0, i.e. allocation type 2, by LTE-A UEs

· There is a need of a new allocation type for LTE-A non-MIMO

2. The necessity of monitoring DCI format 0 for LTE-A cell-edge UEs

Although both non-contiguous and contiguous RB allocations can be supported by allocation type 0/1 and/or a new allocation type, we also see the need of supporting DCI format 0, i.e. allocation type 2, for the contiguous RB cases. 
Support of allocation type 2 and DCI format 0 is necessary to maintain the coverage for LTE-A control signals, especially for cell-edge UE in large cell.

DCI format 0 provides a lower code rate compared to the other DCI formats, since DCI format 0 is supposed to have the smallest RB allocation information.  This provides stronger coding protection for DCI format 0 because of its low coding rate, making it especially suitable for cell-edge coverage in large cells.

Support of this additional format 0 will not increase the monitoring load on LTE-A UEs. In the LTE DL, a UE may monitor several DCI formats including format 1A in all transmission modes [3].  If the LTE-A UE also monitors multiple DCI formats including format 1A in all transmission modes, there is no increased burden for LTE-A UEs to also monitor DCI format 0.

3. The necessity of a new LTE-A allocation type/DCI format
One of the benefits of (Clustered-) SC-FDMA compared to OFDM, which is applicable to the LTE-A UL, is the low CM property. To keep this low CM property, the number of chunks in RB allocation should be kept as small as possible.

On the other hand, allocation types 0 and 1 in LTE Rel.8 DL are based on a bit map scheme as shown in the Annex, which leads to a high number of chunks.

Therefore, the restriction to use only allocation types 0 and 1 becomes one of the limiting factors for LTE-A UL, because it is not efficient just to reuse the LTE allocation types 0 or 1 for resource block allocation in LTE-A UL. Hence, a new DCI format, i.e. a new resource allocation type, is necessary to be specified for LTE-A.

This new allocation type should be optimized for Clustered-SC-FDMA in terms of the most efficient way for resource block allocation.

Of course, multiple DCI formats will have an impact on the UE blind decoding of PDCCH, and this blind decoding load will increase the UE complexity. Therefore the number of supported DCI formats should be kept as small as possible. 
Thus, a new allocation type for non-MIMO is necessary, but only one new allocation type/DCI format should be specified.

4. Conclusions

We believe that the coverage of LTE-A control signaling to the cell-edge of large cells, and the burden of blind decoding of PDCCH for LTE-A UEs are important issues for control signaling design on the LTE-A uplink.

Hence, we propose that:

· DCI format 0, i.e. allocation type 2, should be supported in LTE-Advanced UL for non-MIMO and contiguous RB allocation

· Allocation types 0, 1 and a new allocation type should be supported in the LTE-Advanced UL.

· The number of supported format types should be kept as small as possible, i.e. at most one new allocation type/ DCI format for non-MIMO.  

References

[1] R1-090021 “Remaining issues on the Uplink transmission scheme”, Sharp

[2]R1-090257
“System performance of uplink non-contiguous resource allocation”, Panasonic

[3]3GPP TS 36.213 

[4]3GPP TS 36.212 

Annex

Allocation types in LTE Rel.8 [3]
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Figure A1: Allocation type 0/1 in LTE Rel.8(Resource block allocation  in DCI format 1, etc of LTE Rel.8)
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Figure A2: Allocation type 2 in LTE Rel.8(Resource block allocation  in DCI format 0 and 1A of LTE Rel.8)

One example of new allocation type for LTE-A
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Figure A3: One example of new allocation type (2 chunks case)

Comparison of the number of bits

Table A1: the required number of bits in each resource allocation type
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	Allocation Type
	25(P=2)
	50(P=3)
	100(P=4)

	Type0/1
	13 bits
	17 bits
	25 bits

	Type2
	9 bits
	11 bits
	13 bits

	New allocation type (Up to 2 chunks)
	11 bits
	12 bits
	14 bits

	New allocation type (Up to 3 chunks)
	12 bits
	15 bits
	18 bits
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