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1 Background
RAN1 has agreed that for multi-cluster allocations are supported by DCI format 0 and DCI format 4. In the latest specifications 36.212 and 36.213, we have discovered that there are contradictions that need to be resolved in order to arrive at bandwidth-agnostic and non-contradictory specifications.
This contribution shows the problems with the current specifications and includes draft CRs for 36.212 and 36.213 to solve the issue in a simple way that will not have a major impact for implementation on the UE side.

2 Problem description
In 36.212, section 5.3.3.1.1 describes the DCI format 0 structure. The relevant parts for multi-cluster allocation are quoted here:

- Frequency hopping flag – 1 bit as defined in section 8.4 of [3]. This field is used for multi-cluster allocations as the MSB of the corresponding resource allocation if needed.

- Resource block assignment and hopping resource allocation – 
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- [Single cluster details omitted here for brevity]

- For non-hopping PUSCH with multi-cluster allocation: the resource allocation is obtained from the concatenation of the frequency hopping flag field and the resource block assignment and hopping resource allocation field  
- 
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 bits provide the resource allocation in the UL subframe as defined in section  8.1.2 of [3] and where the value of P depends on the number of DL resource blocks as indicated in section 7.1.6 of [3]

A similar statement about the value of P can be found in 36.212, section 5.3.3.1.8 (DCI format 4).

In 36.213, section 8.1.2 describes the details of interpreting the multi-cluster allocation, quoted here:

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of resource blocks with each set including one or more consecutive resource block groups of size P as given in table 7.1.6.1-1 for uplink system bandwidth
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.  A resource allocation field in the scheduling grant consists of a combinatorial index r corresponding to a starting and ending RBG index of resource block set 1, 
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 respectively, where r is given by equation 
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 defined in section 7.2.1 with M=4 and 
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.  Section 7.2.1 also defines ordering properties and range of values that 
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 (RBG indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the corresponding ending RBG index equals the starting RBG index.   

2.1 Contradicting RBG size definition (P) in 36.212 and 36.213

As can be seen from the quoted passages above, the definition of the RBG size P is different and contradicting.

TS 36.212 defines P as depending "on the number of DL resource blocks as indicated in section 7.1.6" of 36.213.
TS 36.213 defines P as "given in table 7.1.6.1-1 for uplink system bandwidth 
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", i.e. as depending on the number of UL resource blocks.

Our understanding of previous discussion and the desired behaviour is according to the current description in 36.213 (i.e. using the table below). Consequently, TS 36.212 needs to be corrected.

	System Bandwidth
	RBG Size
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	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


2.2 Contradicting size of the resource allocation field in 36.212

According from the current text, the "Resource block assignment and hopping resource allocation" contains 
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 bits provide the resource allocation, where the "frequency hopping flag field" is used as an additional bit. Consequently, it would be required that
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, i.e. the number of required bits must be smaller or equal to the number of available bits in DCI format 0.

Assuming that P is determined according to 36.213, i.e. as a function of the number of UL resource blocks, it is easy to show that the above inequality condition is not fulfilled for the following values:
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(number of available bits)

	7
	7
	6

	9
	8
	7

	10
	9
	7

	55-63
	13
	12

	85-90
	14
	13

	101-110
	15
	14


While these problematic 
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 values are not the most important ones for the initial deployment of Release 10, the specification should nevertheless support all bandwidths within the defined range.
We see two simple solutions to fix this error:

1. Change of RBG size definition so that the number of required bits for the problematic UL bandwidths is reduced; or

2. Setting non-available bits for the problematic UL bandwidths to a defined value.

Solution 1 would introduce a new table like the following in 36.213:

	System Bandwidth
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	RBG Size

(P)

	≤6

8
	1

	7

9 – 26
	2

	27 – 54
	3

	55 – 84

91 – 100
	4

	90 – 85

101 – 110
	5


However, this seems not preferable for three reasons:

· The RBG definition "borders" for UL are no more aligned with those for DL

· The RBG size is not monotonically increasing

· A new RBG size of 5 needs to be introduced
Solution 2 needs to specify that in case of insufficient bits in DCI format 0, any non-available bits are set to a defined value, and therefore implies a certain restriction on the multi-cluster allocation flexibility. The simplest and least restrictive way is to use the available bits as the LSBs of r, and to set the MSBs that are not available in DCI format 0 (if any)  to the value 0. A similar LSB-based strategy is already specified for DCI format 4 and single-cluster allocation. In contrast to solution 1, the definition of the RBG size does not need to be modified (though it needs to be corrected as shown in section 2.1 of this document).
3 Conclusion

We have shown problems for the specification of multi-cluster resource allocation and the related signalling in DCI format 0. We propose to correct TS 36.212 and TS 36.213 to the following effects:
1. The uplink RBG size definition is depending on the number of UL resource blocks.
2. The multi-cluster resource allocation field in DCI format 0 represents the LSBs of the combinatorial index r, and the MSBs (if any) are set to 0.
Corresponding draft CRs for TS 36.212 and TS 36.213 are included hereafter.
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5.3.3.1.1
Format 0


DCI format 0 is used for the scheduling of PUSCH in one UL cell. 


The following information is transmitted by means of the DCI format 0:


- Carrier indicator – 0 or 3 bits. This field is present according to the definitions in [3].


- Flag for format0/format1A differentiation – 1 bit, where value 0 indicates format 0 and value 1 indicates format 1A


- Frequency hopping flag – 1 bit as defined in section 8.4 of [3] . This field is used for multi-cluster allocations as the MSB of the corresponding resource allocation if needed.

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping (single cluster allocation only):




- NUL_hop MSB bits are used to obtain the value of 
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 as indicated in section 8.4 of [3] 
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 bits provide the resource allocation of the first slot in the UL subframe


- For non-hopping PUSCH with single-cluster allocation:


- 
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 bits provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]


- For non-hopping PUSCH with multi-cluster allocation: the resource allocation is obtained from the concatenation of the frequency hopping flag field and the resource block assignment and hopping resource allocation field  

- 

The concatenation of the frequency hopping flag field and the resource block assignment and hopping resource allocation field provides the resource allocation field in the UL subframe as defined in section  8.1.2 of [3]

- Modulation and coding scheme and redundancy version – 5 bits as defined in section 8.6 of [3]


- New data indicator – 1 bit


- TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]


- Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]


- UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)

-  Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for TDD operation with uplink-downlink configurations 1-6)

- CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field only applies to UEs that are configured with more than one DL cell and when the corresponding DCI is mapped onto the UE specific by C-RNTI search space as defined in [3]


- SRS request – 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH which are mapped onto the UE specific by C-RNTI search space as defined in [3]. The interpretation of this field is provided in section 8.2 of [3]


- Multi-cluster flag – 1 bit as defined in section 8.1 of [3]


If the number of information bits in format 0 is less than the payload size of for format 1A (including any padding bits appended to format 1A), zeros shall be appended to format 0 until the payload size equals that of format 1A.


5.3.3.1.8
Format 4


DCI format 4 is used for the scheduling of PUSCH in one UL cell with multi-antenna port transmission mode, 


The following information is transmitted by means of the DCI format 4:


- Carrier indicator – 0 or 3 bits. The field is present according to the definitions in [3].


- Resource block assignment and hopping resource allocation - 
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bits, where P is the UL RBG size as defined in section 8.1.2 of [3]



- For single-cluster allocation:


- The 
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LSBs provide the resource allocation in the UL subframe as defined in section 8.1.1 of [3]


- For multi-cluster allocation: all the bits in the field provide the resource allocation in the UL subframe as defined in section 8.1.2 of [3] 


- TPC command for scheduled PUSCH 


- Cyclic shift for DM RS and OCC index – 3 bits as defined in section 5.5.2.1.1 of [2]


- UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)

-  Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (this field is present only for TDD operation with uplink-downlink configurations 1-6)

- CSI request – 1 or 2 bits as defined in section 7.2.1 of [3]. The 2-bit field only applies to UEs that are configured with more than one DL cell.


- SRS request – 2 bits as defined in section 8.2 of [3]


- Multi-cluster flag – 1 bit as defined in section 8.1 of [3]


In addition, for transport block 1: 


- Modulation and coding scheme – 5 bits as defined in section 7.1.7 of [3]


- New data indicator – 1 bit


In addition, for transport block 2:


- Modulation and coding scheme – 5 bits as defined in section 8.6 of [3]

- New data indicator – 1 bit
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8.1.2
Uplink Resource allocation type 1


The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of resource blocks with each set including one or more consecutive resource block groups of size P as given in table 7.1.6.1-1 for uplink system bandwidth 
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 bits, where the bits from the resource allocation field in the scheduling grant occupy the LSBs of r and where the remaining bits of r, if any, are set to 0. The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, 
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 defined in section 7.2.1 with M=4 and 
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