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1 Introduction

The outstanding issues for the control signaling supporting non-contiguous RA per CC are:

a) How to signal the non-contiguous RA.

b) Whether to have:

a. DCI formats with different sizes for SIMO and SU-MIMO for contiguous and non-contiguous RA, or

b. DCI formats with same sizes for SIMO and SU-MIMO for contiguous and non-contiguous RA (for non-contiguous RA, re-use DCI format 0 for SIMO and the new DCI format for SU-MIMO). 

2 DCI Format for Non-Contiguous RA

The use of DCI formats with different sizes for contiguous and non-contiguous PUSCH RA should be avoided because:

a) For low category UEs without SU-MIMO capability or CA capability, it will increase the maximum number of blind decoding operations (BDOs) from 44 to 60 (a 36.4% increase). 

b) For UEs with SU-MIMO capability, dynamic switching between contiguous and non-contiguous RA is not possible without substantially increasing the number of BDOs. If dynamic switching is allowed, the number of BDOs by introducing a DCI format with different size for non-contiguous RA will increase from 44 to 92 (a 109% increase which practically makes dynamic switching not possible).
c) For UEs with CA capability, increasing the number of BDOs to support non-contiguous RA may be multiplicative in the total number of BDOs and make it more difficult to contain their number below a target value (which may depend on the UE capability in Rel-10). 

d) DCI formats with different sizes means larger sizes for SIMO/SU-MIMO DCI formats with non-contiguous RA. Additional PDCCH overhead can only be justified by non-negligible cell throughput gains.

In order to determine the appropriate DCI format for supporting multi-cluster PUSCH transmissions with SIMO/SU-MIMO, the design objectives and operating features should be first determined and they include:

a) Operation using the Rel-8 Resource Block Group (RBG) concept.
b) Support of 2 clusters for non-contiguous RA [1].

c) No need to support FH with non-contiguous RA.

DCI format 0 can be used to schedule PUSCH transmissions over 1 or 2 clusters as follows:

a) Use the 1 extra bit (padded bit in LTE) to indicate whether the transmission is over 1 or 2 clusters.
b) If the transmission is over 1 cluster, all DCI format 0 Information Elements (IEs) are as in Rel-8.
c) If the transmission is over 2 clusters, then

a. The FH bit is used to extend the RA IE

b. The RA uses the RBG concept (RBG size of 3/4/5 PRBs at 5/10/20 MHz, respectively)
c. All other fields in DCI format 0 are as in Rel-8
3 RA for Two Clusters Using DCI Format 0

The interpretation of the RA IE in DCI format 0 for PUSCH transmission over 2 clusters is given in Table 1.

Table 1: RA IE for PUSCH Transmission over 2 Clusters

	System Bandwidth
	 Number of RA Bits
	RA Interpretation

	5 MHz (RBG = 3)
	10
	First 5 bits address 7 RBGs: start from first, index in increasing order

Last 5 bits address 7 RBGs: start from last, index in decreasing order

	10 MHz (RBG = 4)
	12
	First 6 bits address 10 RBGs: start from first, index in increasing order

Last 6 bits address 10 RBGs: start from last, index in decreasing order

	20 MHz (RBG = 5)
	14
	First 7 bits address 15 RBGs: start from first, index in increasing order

Last 7 bits address 15 RBGs: start from last, index in decreasing order


Figure 1 shows the addressing of the first cluster and the addressing of the second cluster for 
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. PRBs indicated as “Set 1”/“Set 2” may not be captured by the second/first cluster, respectively. However, such an event is both rare and trivial in its impact as these PRB sets exist only when the allocation of the first/second cluster is only the first/last RBG and the second/first cluster needs to address the third RBG from the start/end. 
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Figure 1: RA Addressing 
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RBs for DCI Format 0 with 2 clusters at 10 MHz.

In addition to the RA mapping in Figure 1, other mappings such as the one in [2] or a bit-map without any restriction in the number of clusters (for an appropriate RBG size) may apply. The advantage of the mapping in Figure 1 is that it maintains the RA mapping of Rel-8 and therefore avoids introducing additional RA mappings for the PUSCH in Rel-10.

4 Conclusions

This contribution considered the DCI format to support non-contiguous RA within one CC in Rel-10. 

The benefits of using DCI formats with the same size for contiguous and non-contiguous RA include:

a) Avoid increasing the number of BDOs for UEs without SU-MIMO capability or CA capability. 

b) Avoid increasing the number of BDOs while allowing dynamic switching between contiguous and non-contiguous RA. 

c) Facilitate containment of total number of BDOs for UEs with various CA-capabilities.

d) Avoid unnecessarily increasing PDCCH overhead. 

DCI format 0 can be re-used for non-contiguous RA by:

a) Using the existing padded bit to differentiate between contiguous and non-contiguous RAs.

b) Addressing RBGs instead of individual PRBs.

c) Using the 1 bit from the FH IE to supplement the RA IE.
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