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1. Introduction
DCI format 1C are being designed as the optimized DL control signalling for the scheduling information of D-BCH containing system informations, RACH response, and paging. Since this kind of control signalling needs to be reliably received by cell edge users, RAN1 has tried to make DCI format 1C be compacter than DCI format 1A. During RAN1#53bis meeting, RAN1 reached the following agreements on the restriction introduced to DCI format 1C [1].
· RB allocation

· DVRB allocation with restriction of start VRB and length

· Start and length are constraint to a multiple of 2 for 
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· Start and length are constraint to a multiple of 4 for 
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· MCS indication with 3 bits

· Use 2-RB column in TBS table in 36.213

· Maximum ITBS (8th value) is smallest ITBS >= SI-x (x>1) max payload in that column

· Maximum ITBS of SI-1 is fixed in the RAN2 spec.

· Other 7 TBS values correspond to ITBS < maximum ITBS in 2 RB column
In this document, we will investigate on the possibility of introducing further restriction of RB allocation in DCI format 1C.
2. Analysis on the agreed restriction of RB allocations
Before RAN1 reached the agreement on the constraint DVRB-based RB allocation, the common view on the RB allocation field in DCI format 1C was that 5 bits are sufficient for the particular field regardless of the system bandwidth. According to the currently agreed restriction of RB allocation, however, the number of bits for RB allocation indication depends on the system bandwidth as listed in Table 1.
Table 1. The number of bits for RB allocation indication (
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	6~7
	8~11
	12~15
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	32~45
	46~49
	50~63
	64~91
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The total number of bits in DCI format 1C was derived by counting the additional fields such as 2-bit RV indication, 3-bit MCS indication, and 16-bit CRC scrambled with UEID. From this analysis, we can approximate e.g. a PDCCH in 100-RB BW requires around 1dB more SNR than a PDCCH in 6-RB BW. Compared with the first assumption of having 5 bits for RB allocation indication, a PDCCH in 100-RB BW requires around 0.6 dB more SNR.
There are two restrictions we have introduced to DVRB allocation with DCI format 1C. One is the restriction to the start VRB and the other is the restriction to the RB-length. The restriction to the start VRB was introduced to avoid the holes which may prevent other PDSCHs from allocating contiguous LVRBs. The restriction to the RB-length was discussed in [2], where it was clamed that a large RB allocation should be supportable for a large payload size up to 1200 bits in D-BCH.
It should be reminded that the maximum supportable payload size for SI-x (x>1) was derived assuming the worst case situation (four TX antennas, 6 RB bandwidth, and three OFDM symbols assigned for PDCCH) and 4 repetitions [3,4,5]. The payload size of system information is not usually dependent on the system bandwidth. This is why we had to assume 6-RB resection in deriving the maximum supportable payload size for SI-x (x>1).
To meet the required SNR for reliable D-BCH reception, eNB can either assign the PDSCH delivering D-BCH more RBs to reduce the channel coding rates or allocate more power to the PDSCH. If the second option of power allocation to D-BCH is applicable, we don’t need to rely on a low code rate for reliable transmissions of D-BCH. Accordingly, we don’t need to introduce high degree of freedom in the RB-length of DVRB allocation. This confirms there will be a room of further optimization in DCI format 1C.
3. Further restriction to the RB-length
Since we considered up to 6-RB allocation for SI-x (x>1) scheduling, the maximum RB-length can be 6. However, if we don’t want to give up the possibility of taking advantage of low channel coding rates, we can allow up to (6×a)-RB allocation, where a(1 is not limited to an integer value. With this restriction, the code rate can be reduced to less than R/a, where R is the minimum code rate suppotable by 6-RB allocation. Table 2 lists 
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Table 2. 
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	required number of bits for RB allocation indication, 
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	w/o further restriction
	w/ further restriction to the RB-length

	
	
	
	up to 6RBs (a=1)
	Up to 12 RBs (a=2)
	Up to 18 RBs (a=3)

	1.4
	6
	3
	3
	3
	3

	3
	15
	5
	5
	5
	5

	5
	25
	7
	6
	6
	7

	10
	50
	7
	4
	6
	6

	15
	75
	8
	5
	6
	7

	20
	100
	9
	5
	7
	7


As shown in Table 2, when we restrict to 6 RBs for DVRB allocation with DCI format 1C, up to 4 bits can be saved in the indication. If we increase degree of freedoms in channel coding rates of D-BCH by allowing 12 RBs or 18 RBs for DVRB allocations, then we can save up to 2 bits in the indication. 
Compared with the first assumption of having 5 bits for RB allocation indication, a PDCCH in 100-RB BW with the resction of the RB-length to 18 requires around 0.3 dB more SNR.
4. Conclusion

In this contribution, we have studied a further restiction on RB allocations in DCI format 1C. Since RAN1 derived the maximum supportable payload size of system informations assuming 6-RB restriction in RB allocation, it is not quite necessary to allow a large number of RBs for D-BCH scheduling. As discussed in section 3, we can save up to 4 bits in RB allocation indication when not allowing more than 6-RB allocation for D-BCH scheduling. If we increase degree of freedoms in channel coding rates of D-BCH by allowing 12 RBs or 18 RBs for DVRB allocations, then we can save up to 2 bits in the indication.
Hence, we propose to restrict the RB-length allowed in DCI format 1C to 18 for further optimization in addition to the currently agreed constraint of start VRBs.
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