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1. Introduction

At the RAN WG 1 53 meeting the formula in ‎[1] was decided. However the offset parameter in the formula was not decided. The offset parameter should be valid for the RI, CQI/PMI and ACK/NAK. The offset parameter should be semi-statically configured according to the decision at RAN WG 1 52bis meeting.
In this contribution, we propose offset values for RI, CQI/PMI and ACK/NAK, based on extensive performance simulations on the different control types and he performance of PUSCH data.

2. Discussion

During the RAN WG 1 53 the formula for the linkage between PUSCH MCS was agreed‎[1]:
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where

· 
[image: image2.wmf]O

 is the number information bits for the control type, i.e. RI, CQI/PMI or ACK/NAK

· 
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 is the number of bits per symbol

· 
[image: image4.wmf]R

 the initial code rate of the PUSCH data, without control

· 
[image: image5.wmf]PUSCH

offset

D

 the offset-value which is described in this contribution
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 the number of coded symbol for the control types, i.e. RI, CQI/PMI or ACK/NAK

The offset-values for the linkage is determined by simulating the PUSCH and for a given BLER target and MCS. The resulting SNR is then used for finding the corresponding offsets for each of the control types. The simulation assumptions are given in Table 1. A set of simulation figures are available in the appendix section ‎5. 

Table 1: Simulation assumptions

	Category
	Item

	Channel
	EPA5, ETU300

	Channel estimation
	Realistic

	Frequency hopping
	No

	System bandwidth
	100 RB

	Number of allocation RBs
	1 and 25 RBs

	Rx antenna
	2

	MCS
	7 (code rate ~0.3611)

	Modulation
	QPSK


For RI a general error probability of 0.1% and 1% is proposed. An error probability of 0.1%, for RI is motivated since the CQI/PMI field varies in size depending on RI = 1 or RI > 1 and therefore an erroneous decoding of CQI/PMI could affect the PUSCH decoding. An erroneous decoding of the RI will also affect the possibility to interpret the CQI/PMI report correctly; hence downlink throughput could be affected. A RI could be configured so that it is valid for several CQI/PMI reports hence, all CQI/PMI linked to the erroneous RI will be incorrectly interpreted.
For ACK/NAK, two different set of values is proposed, since the ACK/NAK detection on PUSCH is being discussed in RAN WG 1.
Method 1 of ACK/NAK assumes an implementation of ACK/NAK with the requirements ACK misdetection 1%, DTX->ACK 1% and NAK->ACK 0.01%.

Method 2 of ACK/NAK detection assumes either a bit in the UL grant to indicate DTX to the UE ‎[3], with the same requirement as for method 1. Alternatively the PDCCH approach in ‎[2] with the same requirement as the method 1 with the exception that DTX->ACK 10%.

For CQI/PMI decoding the error probability of 1%, 5% and 10% is proposed. 

It is important that the standard does not limit the BLER target. Therefore BLER targets between 10%-50% are proposed.
A set of the simulation result is available in section ‎5. The summary of the simulation results is collected in Table 2 and Table 3. Based on the simulation results we propose
· ACK/NAK method 1, propose the 8 values (5.5, 6.125, 6.75, 7.375,8.0, 8.625, 9.25 and 9.825)
· ACK/NAK method 2, propose the 8 values (3.5, 4.0, 4.5, 5.5, 6.0, 6.5, 7.0 and 7.5)

· RI propose the 8 values (0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5 and 7.5)

· CQI/PMI propose 16 values (0.5, 0.875, 1.25, 1.625, 2.0, 2.375, 2.75, 3,125, 3.5, 3,875, 4.25, 4.625, 5.0, 5.375, 5.75 and 6.0)
Table 2: Offsets ACK/NAK and Rank indicator
	PUSCH BLER
	A/N method 1
	A/N method 2
	RI 0.1%
	RI 1%

	50 %
	9.3
	6.8
	7.1
	3.3

	40 %
	8.5
	6.3
	6.2
	2.4

	30 %
	7.6
	5.7
	5.3
	1.5

	20 %
	7.1
	4.5
	4.2
	0.5

	10 %
	6.4
	4.4
	2.6
	0.0


Table 3: Offsets for CQI/PMI

	PUSCH
	CQI/PMI
	Number of CQI bits

	BLER
	BLER
	4
	11
	20
	60
	80

	50 %
	10 %
	2.4
	2.5
	2.4
	3.5
	3.5

	40 %
	10 %
	2.0
	1.8
	1.8
	2.9
	2.8

	40 %
	5 %
	3.2
	3.3
	3.1
	4.0
	3.9

	30 %
	10 %
	1.5
	1.2
	1.1
	1.8
	2.2

	30 %
	5%
	2.7
	2.7
	2.4
	3.4
	3.3

	20%
	5%
	2.0
	1.6
	1.5
	2.2
	2.3

	20 %
	1 %
	4.2
	4.0
	4.0
	4.8
	5.4

	10 %
	1%
	3.3
	2.4
	2.5
	2.7
	3.7


3. Conclusion

In this contribution we propose the offset values for control on PUSCH. We propose 

· 8 offset values for ACK/NAK on PUSCH
· Method 1: 5.5, 6.125, 6.75, 7.375,8.0, 8.625, 9.25 and 9.825
· Method 2: 3.5, 4.0, 4.5, 5.5, 6.0, 6.5, 7.0 and 7.5

· 8 offset values for RI on PUSCH
· 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, 6.5 and 7.5
· 16 offset values for CQI/PMI on PUSCH
· 0.5, 0.875, 1.25, 1.625, 2.0, 2.375, 2.75, 3,125, 3.5, 3,875, 4.25, 4.625, 5.0, 5.375, 5.75 and 6.0
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Figure 1: MCS for 25 RB EPA5
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Figure 2: CQI/PMI 60 bits 25 RB EPA5
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Figure 3: CQI 4 bits 25 RB EPA 5
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Figure 4: A/N method 1 25 RB EPA 5
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Figure 5: A/N method 2 25 RB EPA5
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Figure 6: RI 1-bit 25 RB EPA 5
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