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1. Introduction 

In RAN1#61bis, the resource size of UCI multiplexed on PUSCH in case of SU-MIMO transmission was discussed. The following were agreed for HARQ-ACK/RI and CQI/PMI, respectively. 

HARQ-ACK/RI resource size 

· Take Alt 1(simple extension of Rel-8) as baseline assumption

· FFS whether or not a compensation factor should be included to account for large RI/AN payload 

· FFS whether or not a rank-dependent spectrum efficiency adjustment, or spectrum efficiency cap, is needed for multi-layer case

CQI/OMI resource size

· Take Alt 1(simple extension of Rel-8) as baseline assumption

· FFS whether or not a compensation factor should be included to account for  large RI/CQI/PMI payload 

In this contribution, issues on the UCI resource size, i.e. comparison of Alt 1 and Alt 2 and the compensation factor are discussed. 

2. Resource size for HARQ-ACK/RI and CQI/PMI

In RAN1#61bis meeting, taking Alt.1 as baseline was agreed although Alt.2 is FFS. 

· Alt.1: simple extension of Rel-8  
· Alt.2: optimization for high-payload cases
Below, we compare Alt.1 and Alt.2 from the points of coding rate on data signal. 

2.1. Review of the resource size for HARQ-ACK/RI and CQI/PMI 

The number of resources per layer for HARQ-ACK/RI is given by following.

· Alt.1:Simple extension of Rel-8
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· Alt.2: Further optimization for high-payload cases
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: The number of HARQ-ACK bits or RI bits 
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: The compensation factor which is used for the control to data offset parameter (separately configurable for CQI/PMI, RI and HARQ-ACK, respectively) 
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K

 is the number of bits in r-th code block, C is the number of code blocks in the codeword) 
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: The number of CRC bits for CQI/PMI 
The number of resources per layer for CQI/PMI is given by following.

· Alt.1: Simple extension of Rel-8
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· Alt.2: Further optimization for high-payload cases
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[image: image16.wmf]CQI

k

: The codeword on which CQI is multiplexed 
2.2. Comparison of the resource size between Alt.1 and Alt.2 
For the calculation of UCI resource size, the spectrum efficiency of data is used. In Alt.2, both data bits and UCI bits are taken into account while only data bits is taken into account in Alt.1 even though UCI bits are existed on PUSCH. Hence, the calculated resource size of UCI is likely to be larger than the actual need in Alt.1. This impacts on the data coding rate since data bits are punctured/rate-matched due to the UCI resources. Therefore, we compare the data coding rates resulting from the equations for Alt.1 and Alt.2 below. 
The impact of CQI/PMI resources to the data coding rate is lager since the payload size of CQI/PMI is much larger than HARQ-ACK/RI. Hence, the comparison is made on CQI/PMI resource as the worst case. The comparison on HARQ-ACK/RI resource is also shown in appendix. In the comparison, it is assumed rank-2 data transmission with 576, 1152 and 2304 bits for QPSK, coding rate 1/2 and transmission bandwidth NRB (=4, 8, 16)RB for both CWs. Since CQI/PMI bits exist on PUSCH, the actual data coding rate becomes larger than 0.5. For CQI/PMI payload sizes, 72, 144 and 250 bits are assumed taking into account the potential increase of the payload size due to carrier aggregation. Note that 72 bits is maximum size for CQI (including CRC) in Rel.8.
Table 1-3 show the calculation results of the data coding rate for Alt1 and Alt2 with CQI payload size of 72, 144 and 250 bits, respectively. From these results, the data coding rate is largely different only in case CQI payload size/compensation factor are large and transmission bandwidth is small as shown in grey-colored box. The difference would be small impact in the system throughput since UEs with SU-MIMO would be more likely to be assigned in large number of RBs. Additionally, even if UEs with SU-MIMO is assigned in small number of RBs, CQI payload size could be set to small by eNB. 

Note that we expect different handling is applied when only UCI is transmitted on PUSCH. Such different handling is similar to Rel-8.
From above discussion, Alt.1 would be sufficient. 

Table.1 The data rate for Alt.1 and Alt.2 (CQI are 72 bits)

	Data bits
	576 (NRB=4)
	1152 (NRB=8)
	2304 (NRB=16)

	
	
	Alt.1
	Alt.2
	Alt.1
	Alt.2
	Alt.1
	Alt.2

	compensation factor (β)
	1.125
	0.58
	0.57
	0.54
	0.54
	0.52 
	0.52 

	
	2
	0.67
	0.63
	0.57
	0.56
	0.53 
	0.53 

	
	4
	1.00
	0.75
	0.67
	0.63
	0.56 
	0.56 


Table.2 The data rate for Alt.1 and Alt.2 (CQI are 144 bits)

	Data bits
	576 (NRB=4)
	1152 (NRB=8)
	2304 (NRB=16)

	
	
	Alt.1
	Alt.2
	Alt.1
	Alt.2
	Alt.1
	Alt.2

	compensation factor (β)
	1.125
	0.70
	0.64
	0.58
	0.57
	0.54 
	0.54 

	
	2
	1.00
	0.75
	0.67
	0.63
	0.57 
	0.57 

	
	4
	> 1
	1.00
	1.00
	0.75
	0.67 
	0.67 


Table.3 The data rate for Alt.1 and Alt.2 (CQI are 250 bits)

	Data bits
	576 (NRB=4)
	1152 (NRB=8)
	2304 (NRB=16)


	
	
	Alt.1
	Alt.2
	Alt.1
	Alt.2
	Alt.1
	Alt.2

	compensation factor (β)
	1.125
	0.98
	0.74
	0.66
	0.62
	0.57 
	0.56 

	
	2
	> 1
	0.93
	0.88
	0.72
	0.64 
	0.61 

	
	4
	> 1
	> 1
	> 1
	0.93
	0.88 
	0.72 


2.3. Rank-dependent compensation factor (β) for HARQ-ACK and RI

In case of rank 1 data transmission, HARQ-ACK/RI has no spatial diversity gain. While, in case of more than rank 1 data transmission, HARQ-ACK/RI has a spatial diversity gain because HARQ-ACK/ RI are mapped to all layers. So, the appropriate value of the beta factor would be different between rank 1 and more than rank 1. 

Hence, it would be preferable to support different beta factor for rank 1 and more than rank 1 per UE. Furthermore, it may be preferable to change the beta factor depending on the number of rank for data. 

3. Conclusion 
We discussed issues on the UCI resource size, i.e. comparison of Alt 1 and Alt 2 and the compensation factor are discussed. Our preference is following. 
· To take Alt 1(simple extension of Rel-8) for HARQ-ARQ/RI resource size. Compensation for a large HARQ-ARQ/RI payload is not needed. 
· 
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· To take Alt 1(simple extension of Rel-8) for CQI/PMI resource size. Compensation for a large RI/CQI/PMI payload is not needed.
· 
[image: image18.wmf]ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

-

×

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

+

=

å

-

=

-

-

'

1

0

)

(

'

,

)

(

min

)

(

RI

PUSCH

symb

PUSCH

sc

C

r

k

r

CQI

offset

initial

PUSCH

symb

initial

PUSCH

sc

Q

N

M

K

N

M

L

O

Q

CQI

k

CQI

b


· For HARQ-ACK/RI, to support different beta factor for rank 1 and more than rank 1 per UE. 
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Appendix A: Resource size for HARQ-ACK/RI multiplexed on PUSCH with SU-MIMO
The data coding rate for Alt1 and Alt2 with CQI payload was compared in this section 2.2. In the appendix A, the data cording rate for Alt.1 and Alt.2 with HARQ-ACK payload (2bits and 10bits) is compared. In the comparison, it is assumed rank-2 data transmission with 576, 1152 and 2304 bits for QPSK, coding rate 1/2 and transmission bandwidth N(=4, 8, 16)RB for both CWs. HARQ-ACK/RI bits is 2 bits and 10 bits. Since HARQ-ACK/RI bits exist on PUSCH, the actual coding rate of data becomes larger than 0.5. 

Table 4-5 show the calculation results of the data coding rate for Alt1 and Alt2 with HARQ-ACK/RI payload size of 2 bits and 10 bits, respectively. From these results, there is almost no impact even in case the resource size is calculated by Alt.1 and Alt.2. 
Hence, Alt.1 would be sufficient for the resource size of HARQ-ACK/RI.

Table.4 The data rate for Alt.1 and Alt.2 (HARQ-ACK are 2 bits)

	Data bits
	576 (NRB=4)
	1152 (NRB=8)
	2304 (NRB=16)

	
	
	Alt.1
	Alt.2
	Alt.1
	Alt.2
	Alt.1
	Alt.2

	compensation factor (β)
	4
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 
	0.50 

	
	8
	0.51 
	0.51 
	0.50 
	0.50 
	0.50 
	0.50 

	
	20
	0.52 
	0.52 
	0.51 
	0.51 
	0.50 
	0.50 


Table.5 The data rate for Alt.1 and Alt.2 (HARQ-ACK are 10 bits)

	Data bits
	576 (NRB=4)
	1152 (NRB=8)
	2304 (NRB=16)

	
	
	Alt.1
	Alt.2
	Alt.1
	Alt.2
	Alt.1
	Alt.2

	compensation factor (β)
	4
	0.52 
	0.52 
	0.51 
	0.51 
	0.50 
	0.50 

	
	8
	0.54 
	0.53 
	0.52 
	0.52 
	0.51 
	0.51 

	
	20
	0.61 
	0.59 
	0.55 
	0.54 
	0.52 
	0.52 
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