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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. In RAN1#61bis, for single Tx antenna, the group had to select one from the following two options based on the way forward [1] in RAN1#61: 

· 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)
Although the PUSCH resource allocation to handle multiple clusters was discussed in the RAN1#61bis meeting [2]-[10], any agreements could not be reached. Therefore, further discussion to select one from these two options is needed in RAN1#62. Taking the extensive discussion in the past meetings and the remaining time for the Rel-10 standardization into account, the decision should be made in this meeting in order to specify the multi-cluster PUSCH transmission within the Rel-10 time frame. Since the arguments have been already narrowed down, the remaining main tasks would be only the selection between Options 1 and 2 and the decision on a resource allocation (RA) scheme. This contribution presents our views on multi-cluster RA with single Tx antenna. 
2 Requirements for multi-cluster RA
In order to keep the number of blind detections unchanged compared to Rel-8/9, it was agreed, for single-antenna transmission, to keep the payload sizes of new UL DCI formats equal to either the UL DCI format (i.e., DCI format 0) or the DL ones (i.e., configurable formats 1/1B/1D/2/2A). Tables 1 and 2 show DCI formats structures for Option 1 and Option 2, respectively. In addition to this agreement on the number of blind detections, 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. 
· Degradation of the miss detection probability and/or the increase of the PDCCH blocking probability/capacity loss of PDCCH should not be caused by introducing multi-cluster RA. 
· If the size of the new UL DCI format is larger than that of DCI format 0/1A, for a given CCE aggregation level, the coding rate after rate matching of the new UL DCI format is higher than that of the DCI format 0. It results in higher miss detection probability.
· The coding rate and the miss detection probability can be reduced by choosing a higher CCE aggregation level in order to ensure PDCCH performance. However, it results in higher PDCCH overhead, i.e., PDCCH capacity loss (a higher number of PDCCH symbols must be chosen) and/or higher blocking probability.
· A multi-cluster RA scheme should have enough scheduling flexibility with reasonable complexity.
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 
	Search space
	DL Tx mode
	Size 1
	Size 2

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

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

	
	3
	(0 and new0)/1A
	2A

	
	4
	(0 and new0)/1A
	2

	
	5
	(0 and new0)/1A
	1D

	
	6
	(0 and new0)/1A
	1B


Table 1: DCI formats structure in 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: DCI formats structure in Option 2.
 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 required in Option 1 and Option 2. In this contribution, we consider the FDD case, only. 

Table 3 shows the number of information bits and zero padding bits for Option 1. In this evaluation, we 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 (FH) flag. As already agreed, FH is not supported in multi-cluster PUSCH transmission. In Table 3, we consider the FH flag bit as a part of RA field, i.e., the size of RA field in the new UL DCI format is equal to that in the DCI format 0 in Rel-8/9 plus 1 bit. This RA field allows a flexible two-cluster RA [10]. A one-bit flag is added for distinguishing DCI format 0 from new DCI format 0, if there is no zero padding bit which can be diverted into the flag bit, as it may be the case when the UL bandwidth is larger than the DL bandwidth.
As shown in Table 3, although additional zero padding bit and/or additional bit to distinguish between DCI format 0 and new DCI format 0 is needed for new DCI format 0, the total number of bits for new DCI format 0 is almost same as that for DCI format 0 in Rel-8/9. Additional zero padding for new DCI format 0 and DCI format 1A due to size alignment of DCI format0/1A and/or ambiguous sizes are at most 1 bit and 2 bits, respectively.
Table 4 shows the number of information bits and that of zero padding bits for Option 2 (The cases for DCI formats 1 and 2 are listed as examples). In this evaluation, the number of Tx antennas is four in the case of DCI format 2. 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. We assume Type 0/1 RA for new UL DCI formats. A one-bit flag is added for distinguishing the DL format from the new UL format. We can observe that the maximum number of zero padding bits for the new UL format is 15 bits for DCI format 1 and 29 bits for DCI format 2 in the case of UL=5MHz and DL=20MHz. Particularly, aligning with DCI format 2 requires a lot of unnecessary bits.
Based on the observations, in most configurations, Option 2 requires a lot of zero padding bits compared with Option 1. Therefore, Option 2 may lead to an unnecessary resource allocation overhead and increase of PDCCH miss-detection probability /PDCCH capacity loss (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. Table 5 shows the coding rates for the new UL DCI formats in Option 1 and 2. In Table 5, DCI format 2 and 2A are considered for Option 2. It can be seen from Table 5 that the new format 0 in Option 1 can provide lower coding rate compared to new formats 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 formats 2/2A have a particularly high coding rate. It may lead to a degradation of miss detection probability. As shown in Table 5, 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 Proposals
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).
Regarding the multi-cluster RA scheme for Option 1, the scheduling flexibility should be prioritized to take advantage of the multi-cluster PUSCH transmission. RA schemes based on the CQI indexing scheme have been proposed for the maximum two clusters case [8]-[10]. These schemes can realize full scheduling flexibility within the RA field size in Option 1, keeping the same RBG concept and RBG size as in Rel-8/9 DL. These schemes should be considered as baseline for further discussion on details of the RA scheme.
4 Dynamic switching between single-cluster Rel-8 allocation and multi-cluster allocation

Dynamic switching between Rel-8/9 single-cluster transmission and Rel-10 multi-cluster transmission is supported. 

In Option 1, 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, one bit can be added in both new DCI format 0 and DCI format 0/1A as a flag bit, as it is done in the evaluation in the previous section. 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-8/9 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. Furthermore, padding bits are not available only when the UL bandwidth is larger than the DL bandwidth, which is an unlikely configuration. Another option is to use the frequency-hopping (FH) flag instead of a padding bit [11]. However, it requires RRC configuration of the UE in order to set the FH flag interpretation.
In Option 2, no additional bit is needed since the switching 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

Considering that there would not be so many remaining items to be discussed in this topic, we prefer to specify the multi-cluster PUSCH transmission in Rel-10. 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.
· CQI indexing based scheme is desirable for simplicity and flexibility.
· For dynamic switching between single-cluster and multi-cluster allocation
· Use a padding bit when available
· Otherwise, 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)
	Rel.8/9
	Rel.10

	UL 
	DL
	format 0
(no. of zero padding bits)
	format 1A
(no. of zero padding bits)
	Total no. of bits (*)
	New format 0
	format 1A
	Total no. of bits (*) 

	
	
	
	
	
	Additional bit for dynamic switching
	No. of additional zero padding bits 
	No. of additional zero padding bits
	

	5
	5
	23 (2)
	24 (1)
	25
	0
	0
	0
	25

	10
	5
	25 (0)
	24 (1)
	25
	1
	1
	2
	27

	15
	5
	26 (1)
	24 (3)
	27
	0
	0
	0
	27

	20
	5
	27 (0)
	24 (3)
	27
	1
	0
	1
	28

	5
	10
	23 (4)
	26 (1)
	27
	0
	0
	0
	27

	10
	10
	25 (2)
	26 (1)
	27
	0
	0
	0
	27

	15
	10
	26 (1)
	26 (1)
	27
	0
	0
	0
	27

	20
	10
	27 (0)
	26 (1)
	27
	1
	0
	1
	28

	5
	15
	23 (4)
	27 (0)
	27
	0
	0
	0
	27

	10
	15
	25 (2)
	27 (0)
	27
	0
	0
	0
	27

	15
	15
	26 (1)
	27 (0)
	27
	0
	0
	0
	27

	20
	15
	27 (0)
	27 (0)
	27
	1
	0
	1
	28

	5
	20
	23 (5)
	28 (0)
	28
	0
	0
	0
	28

	10
	20
	25 (3)
	28 (0)
	28
	0
	0
	0
	28

	15
	20
	26 (2)
	28 (0)
	28
	0
	0
	0
	28

	20
	20
	27 (1)
	28 (0)
	28
	0
	0
	0
	28


Table 3: Number of bits required with new DCI format 0, (*)Disambiguation bits are included.
	BW(MHz)
	Rel.10
	Rel.8/9
	Rel.10
	Rel.8/9
	Rel.10

	UL 
	DL
	New format 1 or 2 without zero padding bits 
	format 1
	Additional bits for dynamic DL/UL switch 
	No. of additional zero padding bits 
	Total no. of bits (*)
	format 2
	Additional bits for dynamic DL/UL switch
	No. of additional zero padding bits
	Total no. of bits (*) 

	
	
	
	
	
	New format 1 (UL)
	format 1 (DL)
	
	
	
	New format 2 (UL)
	format 2 (DL)
	

	5
	5
	25
	27
	1
	2
	0
	28
	42
	1
	17
	0
	43

	10
	5
	29
	27
	1
	0
	2
	30
	42
	1
	13
	0
	43

	15
	5
	31
	27
	1
	1
	5
	33
	42
	1
	11
	0
	43

	20
	5
	37
	27
	1
	1
	10
	38
	42
	1
	5
	0
	43

	5
	10
	25
	31
	1
	7
	1
	33
	46
	1
	11
	0
	47

	10
	10
	29
	31
	1
	3
	1
	33
	46
	1
	17
	0
	47

	15
	10
	31
	31
	1
	1
	1
	33
	46
	1
	15
	0
	47

	20
	10
	37
	31
	1
	0
	6
	38
	46
	1
	9
	0
	47

	5
	15
	25
	33
	1
	8
	0
	34
	48
	1
	23
	0
	49

	10
	15
	29
	33
	1
	4
	0
	34
	48
	1
	19
	0
	49

	15
	15
	31
	33
	1
	2
	0
	34
	48
	1
	17
	0
	49

	20
	15
	37
	33
	1
	0
	4
	38
	48
	1
	11
	0
	49

	5
	20
	25
	39
	1
	15
	1
	41
	54
	1
	29
	0
	55

	10
	20
	29
	39
	1
	11
	1
	41
	54
	1
	25
	0
	55

	15
	20
	31
	39
	1
	9
	1
	41
	54
	1
	23
	0
	55

	20
	20
	37
	39
	1
	3
	1
	41
	54
	1
	17
	0
	55


Table 4: Number of bits required with new DCI format 1 or 2, (*)Disambiguation bits are included.
	BW(MHz)
	Coding_rate (No. of CCE=1)
	Coding_rate (No. of CCE=2)

	UL
	DL
	Option 1
	Option 2
	
	Option 1
	Option 2
	

	
	
	New format0
	New format2
	New format2A
	format 0 
Rel-8/9
	New format0
	New format2
	New format2A
	format 0 Rel-8/9

	5
	5
	0.57
	0.82
	0.76
	0.57
	0.28
	0.41
	0.38
	0.28

	10
	5
	0.60
	0.82
	0.76
	0.57
	0.30
	0.41
	0.38
	0.28

	15
	5
	0.60
	0.82
	0.76
	0.60
	0.30
	0.41
	0.38
	0.30

	20
	5
	0.61
	0.82
	0.76
	0.60
	0.31
	0.41
	0.38
	0.30

	5
	10
	0.60
	0.88
	0.82
	0.60
	0.30
	0.44
	0.41
	0.30

	10
	10
	0.60
	0.88
	0.82
	0.60
	0.30
	0.44
	0.41
	0.30

	15
	10
	0.60
	0.88
	0.82
	0.60
	0.30
	0.44
	0.41
	0.30

	20
	10
	0.61
	0.88
	0.82
	0.60
	0.31
	0.44
	0.41
	0.30

	5
	15
	0.60
	0.90
	0.86
	0.60
	0.30
	0.45
	0.43
	0.30

	10
	15
	0.60
	0.90
	0.86
	0.60
	0.30
	0.45
	0.43
	0.30

	15
	15
	0.60
	0.90
	0.86
	0.60
	0.30
	0.45
	0.43
	0.30

	20
	15
	0.61
	0.90
	0.86
	0.60
	0.31
	0.45
	0.43
	0.30

	5
	20
	0.61
	0.99
	0.93
	0.61
	0.31
	0.49
	0.47
	0.31

	10
	20
	0.61
	0.99
	0.93
	0.61
	0.31
	0.49
	0.47
	0.31

	15
	20
	0.61
	0.99
	0.93
	0.61
	0.31
	0.49
	0.47
	0.31

	20
	20
	0.61
	0.99
	0.93
	0.61
	0.31
	0.49
	0.47
	0.31


Table 5: Coding rate evaluation in case of 1/2 CCE.
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