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1. Introduction
Some progress has been made on search space and blind decoding in RAN1 #61, including the number of blind decodings for UEs without UL-MIMO or non-contiguous RA[1]. The remaining issues include how to define the individual search spaces, and possible solutions for further reducing the number of blind decodes. In this paper, we give some consideration to these open issues. 
2. To support search space sharing with different BWs
It was agreed in RAN1 #61 that a UE’s search spaces on a PDCCH CC are shared in case of the DCI payload size being the same. The SS sharing among DCIs with the same payload size can reduce the PDCCH blocking probability. Under Carrier Aggregation, two DCIs with the same size usually mean that the CC bandwidths and DCI formats are the same (or format 0/1a). Different CC BWs result in different payload sizes for the same DCI format, which prevents SS sharing and hence increases the blocking rate. Moreover, some cases of DCI messages for CCs of different bandwidths with different DCI formats can also result in the same DCI size, as analyzed in [2]

 REF _Ref263673672 \n \h 
 \* MERGEFORMAT [3].
In order to maximize the search space sharing gain and avoid potential BD conflicts, two solutions may be considered:

· Design different payload sizes for all possible conflicts by addition of padding bit(s)
Considering the unpredictable combinations of the various BWs, this solution may be too complex. SS sharing can still be employed for different BWs.
· The same DCI formats of different BWs have the same length, which could be implemented by adding reserved bits on the message of the smaller BW. The reserved bits could be neglected by the UE and left for further extension. Equalising the same payload sizes could provide the possibility to reduce the number of BDs when multiple scheduled CCs have different BWs.

Table 1 summarizes the RA bits vs. BW according to the R8 specifications, which could be further updated after R10 DCI design is fixed including non-contiguous RA/UL-MIMO/aperiodic SRS/ DL MIMO, etc.
Table 1 Number of RA bits vs. Band Width
	                  BW (RB)
DCI format
	6
	15
	25
	50
	75
	100

	0/1A/3/3A & 1B/1D
	5
	7
	9
	11
	12
	13

	1C
	3
	5
	7
	7
	8
	9

	1/2/2A/2B
	6
	8
	13
	17
	19
	25


It can be seen that quite large numbers of reserved bits would be required for this approach: For format 0/1A/3/3A and 1B/1D, up to 8 reserved bits would be required remove the length differences from 1.25 MHz to 20 MHz. For format 1C, 6 reserved bits are required. For format 1/2/2A/2B, up to 19 are required.
Although not finally agreed, the additional R10 DCI formats (say, format 0A) to support UL RA & MIMO could have the same bits number as format 0 (with padding bits being added to format 0/1A as necessary). The RA type 0 or 1 could be employed to support an unlimited number of clusters. Then DCI 0A should be classified as the “1/2/2A/2B” row, as shown in table 2.

Table 2 Number of RA bits vs. Band Width
	                  BW (RB)

DCI format
	6
	15
	25
	50
	75
	100

	0/1A/3/3A & 1B/1D
	5
	7
	9
	11
	12
	13

	1C
	3
	5
	7
	7
	8
	9

	1/2/2A/2B/0A
	6
	8
	13
	17
	19
	25


Fig. 1 shows an example of search space sharing based on the use of reserved bits.
It should also be noted that bit reserving may degrade the detection performance of the smaller BW CC. However, the performance degradation will not go beyond the detection performance of the maximum BW of the scheduled CCs with the same CCE aggregation level.

Proposal:

To maximise the benefit of search space sharing, reserved bits may be considered to give the same DCI format regardless of the scheduled BW. This should be configurable, so that reserved bits are only used when the number of such bits is low, to avoid excessive overhead.
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Fig. 1: Reserving-bit based search space sharing
3. Search Space design and Blind Decoding 

3.1. USS

The USS can be configured with CIF, and can fully utilize SS sharing regardless of the BWs. Assuming 2 CCs with different BWs and 44*2 BDs, Fig. 2 shows an example of the USS for two CCs with different BWs.
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Fig. 2: USS under bit reserving with N*44 BDs
With the bit-reserving based SS sharing, the number of BDs could be reduced with the same blocking rate as R8. Fig. 3 shows one example of the reduced number of BDs (the exact size of the extended USS needs further study).
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Fig. 3: USS under bit reserving with reduced BDs
3.2. CSS
There are two possible design methods for CSS, i.e., independent/non-overlapped search spaces for every scheduled CC or mixed search spaces. For non-overlapped CSS, reserved bits are unnecessary since there is no SS sharing, as shown in Fig. 4.
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 Fig. 4: Non-overlapped CSS
When the number of the cross-scheduled CCs is too large to allocate non-overlapped CSS, the mixed CSS is a possibility, i.e., the CSS can be (or partially) overlapped, as shown in Fig. 5. For mixed CSS, reserved bits are unnecessary if no additional (in R10 and following releases) DCI BD is supported in the CSS  since the payload size of format 1C can never be equal to the size of format 0/1A/3/3A. 
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 Fig. 5: Mixed CSS
However, there should be one mechanism for the UE to distinguish the corresponding CC of the detected DCI for mixed CSS without CIF. Here we propose to use a CC-specific CCE offset within one aggregation level to identify the CC index. Assuming aggregation level 8, Fig. 6 shows an example of how the CC-specific offset works.
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Fig. 6: CC-specific CCE offset for mixed CSS
4. Conclusions
Targeting the open issues in BD and search space, we have following proposals:

1. To maximise the benefit of search space sharing, reserved bits may be considered to give the same DCI format regardless of the scheduled BW. This should be configurable, so that reserved bits are only used when the number of such bits is low, to avoid excessive overhead2. CSS overlap can be supported via a CC-specific CCE offset
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