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1 Introduction

During the RAN1#55bis meeting, multi-cluster data transmission with a single DFT per component carrier (clustered DFT-S-OFDM) was agreed. Then, in the RAN1#61 meeting, the PUSCH resource allocation to handle multiple clusters but also SU-MIMO was discussed [1]-[12] and some agreements, including the way forward [13], could be reached. In RAN1#61bis, for single Tx antenna, the group should select one from the following two options:

· Option 1: Two clusters (with UL DCI format aligned with DCI format 0)
· Option 2: Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)

This contribution presents our views on multi-cluster resource allocation (RA) with single Tx antenna. 
2 Requirements for multi-cluster RA
In order to keep the number of blind detections unchanged compared to Rel-8, it was agreed, for single-antenna transmission, to keep the payload sizes of new UL DCI formats equal to the DL ones (i.e., size 1 of DCI format 0/1A or sizes 2 of configurable formats 1/1B/1D/2/2A) as in Table 1 and Table 2. At least for multi-cluster RA for single antenna case, it may be necessary to satisfy the conditions below: 
· Multi-cluster RA should be supported for single Tx antenna in UL regardless of the DL transmission mode. 
· The degradation of the miss detection probability and/or the increase of the PDCCH blocking probability capacity of PDCCH are undesirable when introducing multi-cluster RA. 
· If the size of the new UL DCI format is larger than that of format 0/1A, i.e., if the UL DCI format has size 2, more unnecessary zero padding bits are required in order to make the UL DCI format size match the DL DCI format size. It results in an increase of the miss detection probability compared to format 0/1A in Rel-8/9. Zero padding bits lead to an increased size of information bits. Thus, for a same CCE aggregation size, the code rate after rate matching is higher than without padding bits. It results in higher miss detection probability.
· The code rate and the miss detection probability can be reduced by choosing a higher CCE aggregation size in order to ensure PDCCH performance. However, it results in higher PDCCH overhead (a higher number of PDCCH symbols must be chosen) and/or higher blocking probability.
	Search space
	DL Tx mode
	Size 1
	Size 2

	Common
	1 to 7
	(0 and/or new0)/1A
	1C

	UE-Specific
	1, 2, 7
	(0 and/or new0)/1A
	1

	
	3
	(0 and/or new0)/1A
	2A

	
	4
	(0 and/or new0)/1A
	2

	
	5
	(0 and/or new0)/1A
	1D

	
	6
	(0 and/or new0)/1A
	1B


Table 1: Candidates for the new UL DCI format in case of two clusters (Option 1).
	Search space
	DL Tx mode
	Size 1
	Size 2

	Common
	1 to 7
	0/1A
	1C

	UE-Specific
	1, 2, 7
	0/1A
	new 1/1

	
	3
	0/1A
	new 2A/2A 

	
	4
	0/1A
	new 2/2

	
	5
	0/1A
	new 1D/1D

	
	6
	0/1A
	new 1B/1B


Table 2: Candidates for the new UL DCI format in unlimited case (Option 2).
3 New DCI format for multi-cluster RA
In this section, the candidates for the new UL DCI format with single Tx antenna are discussed based on the requirements in section 2.
3.1 Relationship between multi-cluster RA and DL transmission mode
Let us consider multi cluster RA regardless of the DL transmission mode. Although, in Option 1, the new UL DCI format aligned with format 0/1A cannot provide more than two clusters without any restriction (except the restriction of having some RBG size), its size can be maintained the same irrespective of the DL transmission mode (see Table 1). On the other hand, in Option 2, the new UL DCI format is aligned with the configurable DL DCI format, i.e., with DL DCI format 1/1B/1D/2/2A depending on the DL transmission mode, and it is necessary to define a new UL DCI format for each DL transmission mode (see Table 2). However, the standardisation effort to specify these new DCI formats is not high, since they all have the same content except for padding bits. 
3.2 Zero padding evaluation

Let us consider the number of zero padding bits in Option 1 and Option 2. In Tables 3 and 4, we consider FDD and assume the content of the new UL DCI format for single-antenna transmission is the same as that of DCI format 0, except for the RA field and the frequency hopping flag. In this section, CRC bits are not considered.
In Option 1, the total DCI format size is the format 0 size and the RA size is Type 2 RA size plus one (the hopping flag is reused in order to allow a 2-cluster RA [12]). A one-bit flag is added for distinguishing format 0 from new format 0, if there is no zero padding bit which can be diverted into the flag bit. The maximum number of zero padding bits corresponds to 5 bits.
In Option 2, the total format size is the same as one of the formats 1/1B/1D/2/2A, depending on the DL transmission mode and the RA size is Type 0/1 RA size. A one-bit flag is added for distinguishing the DL format from the new UL format. The maximum number of zero padding bits for the new UL format is 16, 9, 30 bits in case of formats 1, 1B/1D, 2, respectively. Particularly, formats 2 require unnecessary bits. In case of formats 1B/1D/2, we assume that the number of Tx antennas is four.
As a stated above, unnecessary zero padding bits are not desirable. Therefore, using Option 2 and having a lot of zero padding bits might lead to an unnecessary resource allocation overhead and PDCCH miss-detection probability (due to the high resulting coding rate) if a high number of clusters is not deemed beneficial for uplink.
3.3 Miss detection probability and accommodation on PDCCH
In this section, the coding rate on PDCCH when the new UL DCI format is aligned with DL DCI format in Rel-8/9 is discussed. It can be seen from Table 5 and Table 6 that the new format 0 can provide lower coding rate compared to new format 1/1B/1D/2/2A. Only the new format 0 can keep almost the same coding rate as format 0 in Rel-8/9. In addition, the new format 2/2A has a particularly high coding rate. It might lead to a degradation of miss detection probability. According to Tables 5 and 6, in order to obtain a coding rate which is lower than or equal to that of the new format 0, the new format 2/2A requires twice the number of CCEs. However, increasing the number of CCEs leads to a PDCCH capacity degradation compared to Rel-8/9. 
3.4 Proposal
Based on the above evaluation, Option 2, where the new UL DCI format has the same size as format 1/1B/1D/2/2A, leads to: 
· Degradation of blocking probability and miss detection probability through an increased number of zero padding bits
· Unnecessary resource allocation overhead if a high number of clusters is not deemed beneficial for uplink.
Therefore, in order to avoid impacting the system performance through PDCCH blocking probability and miss detection probability degradation, the new DCI format should have the same size as that of format 0/1A in Rel-10 (Option 1).
4 Dynamic switching between single-cluster Rel-8 allocation and multi-cluster allocation

Dynamic switching between Rel-8 single-cluster transmission and Rel-10 multi-cluster transmission is supported. 

In Option 1, when the new DCI format has same size as DCI format 0, one of the padding bits, if any, can be used to indicate if the resource allocation is single-cluster and multi-cluster. In case there is no padding bit, a bit can be added in both new DCI format 0 and DCI format 0/1A, as it is done in the evaluation in previous sections. This additional bit should only be added in the UE-specific search space in order to keep format 3/3A unchanged in the common search space and be able to group Rel-8 and Rel-10 UEs in the same TPC command. Thus, in cases where no padding bit is available, multi-cluster allocation would not be possible in the common search space. Since the available CCE aggregation sizes in the common search space are 4 and 8, it is likely to be used for PUSCH allocation of power-limited UEs, which will not be able to transmit on multiple clusters anyway.

In Option 2, when the new DCI format has same size as configured DCI formats, no additional bit is needed since the switch is dynamically performed by using format 0/1A instead of the new format. Since configured DCI formats are used, multi-cluster allocation is not possible in the common search space.
5 Summary

Based on the discussion above, our proposal is the following.
· Choose Option 1: To handle multi-cluster UL transmission with single-Tx antenna, the new DCI format should have same size as DCI format 0/1A and address 2 clusters, in order to avoid blocking and miss detection increase.
· For dynamic switching between single-cluster and multi-cluster allocation
· Use a padding bit when available
· Add a bit to both new DCI format 0 and DCI format 0/1A in the UE-specific search space only

· Multi-cluster allocation is precluded in the common search space
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	BW(MHz)
	DCI format 0/1A size
	No. of zero padding bits for
	DCI format 1 size
	No. of zero padding bits for

	UL 
	 DL
	New
format 0 (UL)
	format 1A (DL)
	Total no. 
of bits (*) in aligned UL/DL formats
	New
format 0
	format 1A
	New
format 1 (UL)
	format 1 (DL)
	Total no. 
of bits (*)in aligned UL/DL formats
	New
format 1
	format 1

	5
	5
	23
	24
	25
	2
	1
	25
	27
	28
	3
	1

	10
	5
	25
	24
	27
	2
	3
	29
	27
	30
	1
	3

	15
	5
	26
	24
	27
	1
	3
	31
	27
	33
	2
	6

	20
	5
	27
	24
	28
	1
	4
	37
	27
	38
	1
	11

	5
	10
	23
	26
	27
	4
	1
	25
	31
	33
	8
	2

	10
	10
	25
	26
	27
	2
	1
	29
	31
	33
	4
	2

	15
	10
	26
	26
	27
	1
	1
	31
	31
	33
	2
	2

	20
	10
	27
	26
	28
	1
	2
	37
	31
	38
	1
	7

	5
	15
	23
	27
	27
	4
	0
	25
	33
	34
	9
	1

	10
	15
	25
	27
	27
	2
	0
	29
	33
	34
	5
	1

	15
	15
	26
	27
	27
	1
	0
	31
	33
	34
	3
	1

	20
	15
	27
	27
	28
	1
	1
	37
	33
	38
	1
	5

	5
	20
	23
	28
	28
	5
	0
	25
	39
	41
	16
	2

	10
	20
	25
	28
	28
	3
	0
	29
	39
	41
	12
	2

	15
	20
	26
	28
	28
	2
	0
	31
	39
	41
	10
	2

	20
	20
	27
	28
	28
	1
	0
	37
	39
	41
	4
	2


Table 3: Number of bits required with new DCI format 0 or 1. 

(*)Disambiguation bits are included.
	BW(MHz)
	DCI format 2
	No. of zero padding bits for
	DCI format 1B/1D
	No. of zero padding bits for

	UL
	DL
	New 
format 2 (UL)
	format 2 (DL)
	Total no. 
of bits (*) in aligned UL/DL formats
	New 
format 2
	format 2
	New 
format 1B/1D
 (UL)
	format 1B/1D
 (DL)
	Total no. 
of bits (*) in aligned UL/DL formats
	New 
format 1B/1D
	format 1B/1D

	5
	5
	25
	42
	43
	18
	1
	25
	28
	29
	4
	1

	10
	5
	29
	42
	43
	14
	1
	29
	28
	30
	1
	2

	15
	5
	31
	42
	43
	12
	1
	31
	28
	33
	2
	5

	20
	5
	37
	42
	43
	6
	1
	37
	28
	38
	1
	10

	5
	10
	25
	46
	47
	22
	1
	25
	30
	31
	6
	1

	10
	10
	29
	46
	47
	18
	1
	29
	30
	31
	2
	1

	15
	10
	31
	46
	47
	16
	1
	31
	30
	33
	2
	3

	20
	10
	37
	46
	47
	10
	1
	37
	30
	38
	1
	8

	5
	15
	25
	48
	49
	24
	1
	25
	31
	33
	8
	2

	10
	15
	29
	48
	49
	20
	1
	29
	31
	33
	4
	2

	15
	15
	31
	48
	49
	18
	1
	31
	31
	33
	2
	2

	20
	15
	37
	48
	49
	12
	1
	37
	31
	38
	1
	7

	5
	20
	25
	54
	55
	30
	1
	25
	32
	34
	9
	2

	10
	20
	29
	54
	55
	26
	1
	29
	32
	34
	5
	2

	15
	20
	31
	54
	55
	24
	1
	31
	32
	34
	3
	2

	20
	20
	37
	54
	55
	18
	1
	37
	32
	38
	1
	6


Table 4: Number of bits required with new DCI format 2 or 1B/1D.

(*)Disambiguation bits are included.

	BW(MHz)
	Total no. of bits  including zero padding /disambiguation bits and CRC
	Coding_rate (No. of CCE=1)

	UL
	DL
	New 
format0
	New 
format1
	New 
format2
	New 
format2A
	New 
format 1B/1D
	format 0 Rel-8/9
	New 
format0
	New 
format1
	New 
format2
	New 
format2A
	New 
format 1B/1D
	format 0 Rel-8/9

	5
	5
	41
	44
	59
	55
	45
	41
	0.57
	0.61
	0.82
	0.76
	0.63
	0.57

	10
	5
	43
	46
	59
	55
	46
	41
	0.60
	0.64
	0.82
	0.76
	0.64
	0.57

	15
	5
	43
	49
	59
	55
	49
	43
	0.60
	0.68
	0.82
	0.76
	0.68
	0.60

	20
	5
	44
	54
	59
	55
	54
	43
	0.61
	0.75
	0.82
	0.76
	0.75
	0.60

	5
	10
	43
	49
	63
	59
	47
	43
	0.60
	0.68
	0.88
	0.82
	0.65
	0.60

	10
	10
	43
	49
	63
	59
	47
	43
	0.60
	0.68
	0.88
	0.82
	0.65
	0.60

	15
	10
	43
	49
	63
	59
	49
	43
	0.60
	0.68
	0.88
	0.82
	0.68
	0.60

	20
	10
	44
	54
	63
	59
	54
	43
	0.61
	0.75
	0.88
	0.82
	0.75
	0.60

	5
	15
	43
	50
	65
	62
	49
	43
	0.60
	0.69
	0.90
	0.86
	0.68
	0.60

	10
	15
	43
	50
	65
	62
	49
	43
	0.60
	0.69
	0.90
	0.86
	0.68
	0.60

	15
	15
	43
	50
	65
	62
	49
	43
	0.60
	0.69
	0.90
	0.86
	0.68
	0.60

	20
	15
	44
	54
	65
	62
	54
	43
	0.61
	0.75
	0.90
	0.86
	0.75
	0.60

	5
	20
	44
	57
	71
	67
	50
	44
	0.61
	0.79
	0.99
	0.93
	0.69
	0.61

	10
	20
	44
	57
	71
	67
	50
	44
	0.61
	0.79
	0.99
	0.93
	0.69
	0.61

	15
	20
	44
	57
	71
	67
	50
	44
	0.61
	0.79
	0.99
	0.93
	0.69
	0.61

	20
	20
	44
	57
	71
	67
	54
	44
	0.61
	0.79
	0.99
	0.93
	0.75
	0.61


Table 5: Coding rate evaluation in case of 1CCE.
	BW(MHz)
	Total no. of bits  including zero padding/disambiguation bits and CRC
	Coding_rate (No. of CCE=2)

	UL
	DL
	New 
format0
	New 
format1
	New 
format2
	New 
format2A
	New 
format 1B/1D
	format 0 Rel-8/9
	New 
format0
	New 
format1
	New 
format2
	New 
format2A
	New 
format 1B/1D
	format 0 Rel-8/9

	5
	5
	41
	44
	59
	55
	45
	41
	0.28
	0.31
	0.41
	0.38
	0.31
	0.28

	10
	5
	43
	46
	59
	55
	46
	41
	0.30
	0.32
	0.41
	0.38
	0.32
	0.28

	15
	5
	43
	49
	59
	55
	49
	43
	0.30
	0.34
	0.41
	0.38
	0.34
	0.30

	20
	5
	44
	54
	59
	55
	54
	43
	0.31
	0.38
	0.41
	0.38
	0.38
	0.30

	5
	10
	43
	49
	63
	59
	47
	43
	0.30
	0.34
	0.44
	0.41
	0.33
	0.30

	10
	10
	43
	49
	63
	59
	47
	43
	0.30
	0.34
	0.44
	0.41
	0.33
	0.30

	15
	10
	43
	49
	63
	59
	49
	43
	0.30
	0.34
	0.44
	0.41
	0.34
	0.30

	20
	10
	44
	54
	63
	59
	54
	43
	0.31
	0.38
	0.44
	0.41
	0.38
	0.30

	5
	15
	43
	50
	65
	62
	49
	43
	0.30
	0.35
	0.45
	0.43
	0.34
	0.30

	10
	15
	43
	50
	65
	62
	49
	43
	0.30
	0.35
	0.45
	0.43
	0.34
	0.30

	15
	15
	43
	50
	65
	62
	49
	43
	0.30
	0.35
	0.45
	0.43
	0.34
	0.30

	20
	15
	44
	54
	65
	62
	54
	43
	0.31
	0.38
	0.45
	0.43
	0.38
	0.30

	5
	20
	44
	57
	71
	67
	50
	44
	0.31
	0.40
	0.49
	0.47
	0.35
	0.31

	10
	20
	44
	57
	71
	67
	50
	44
	0.31
	0.40
	0.49
	0.47
	0.35
	0.31

	15
	20
	44
	57
	71
	67
	50
	44
	0.31
	0.40
	0.49
	0.47
	0.35
	0.31

	20
	20
	44
	57
	71
	67
	54
	44
	0.31
	0.40
	0.49
	0.47
	0.38
	0.31


Table 6: Coding rate evaluation in case of 2CCEs.
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