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1 Introduction
In 3GPP RAN1#61 meeting, companies shared their views on UCI multiplexing in MIMO PUSCH transmissions [1]—[15]. The following was agreed after the discussion:
HARQ and RI resource size 

· Take Alt 1 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

· Number of resources per layer is  given by 

· Alt 1: In case single beta value is agreed, simple extension of Rel-8
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· Alt2: further optimization for high-payload cases
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CQI/PMI resource size:

· Take Alt 1 as baseline assumption

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

· Number of resources per layer is  given by 

· Alt 1: In case single beta value is agreed, simple extension of Rel-8
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· Alt2: further optimization for high-payload cases
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TB choice for CQI/PMI report in the case of 2TB transmission

· Baseline assumption is that TB associated with highest MCS or TBS indicated by the UL grant 

· Can be revisited if major performance loss is identified,  compared to other approaches such as lowest MCS 

· FFS whether “Ping-pong” effect is an issue? And if it’s an issue, how to address it.

· “Ping-pong” effect refers to the case when the introduction of UCI  reverses the order of MCS among two TBs, if eNB decides to adjust the MCS of the TB with UCI

· FFS the treatment of TB choice,  in case MCS or TBS is the same for both TBs

Other remaining issues to be discussed next meeting:

· Need to clarify the exact interpretation of “Replica” 
· Option A) Replicate before Channel Coding 

· Option B) Replicate after Channel Coding 

· Option C) Replicate after Scrambling

· Need to clarify which modulation is used  in case of 2 CW transmission

· Mapping schemes for RI and AN
In this contribution, we discuss about remaining further details of UCI multiplexing on PUSCH for SU-MIMO UEs. 
2 CW Selection for CQI/PMI Transmission
[image: image6.emf]Coding Chain

Coding Chain

TB1 

TB2 

RI, A/N

CQI

(1)(1)(1)(1)

01 1

,,...,

RI

HQ

hhhh









(2)(2)(2)(2)

01 1

,,...,

RI

HQ

hhhh









(1)(1)(1)(1)

01 1

,,...,

RI

HQ

hhhh









(2)(2)(2)(2)

01 1

,,...,

RI

HQ

hhhh









Scrambling,

Modulation 

Mapping

Scrambling,

Modulation 

Mapping

CW-to-

layer 

mapping

CW0

CW1

Layer 0

Layer L

Transmit 

Precoding

AP 0

AP Nt

RE Mapping,

SC-FDM sig. 

gen.

RE Mapping, 

SC-FDM sig. 

gen.

DFT 

Precoding

DFT 

Precoding


Figure 1 UL MIMO transmission chain in LTE-A

Figure 1 shows an UL MIMO transmission chain complying to the agreement in RAN1#61.  When a UE transmits two TBs in a subframe, two independent coding chains are applied for the two TBs. RI and/or HARQ-ACK to be piggybacked in the same subframe are an input of both coding chains, while CQI to be piggybacked in the same subframe is an input of only one coding chain. 
In 3GPP RAN1#61bis, an agreed baseline assumption is to select a CW with either a higher MCS or a higher TBS to carry CQI/PMI. When transmission rank is 2 or 4, both methods (i.e., a higher MCS or a higher TBS) generate an identical selected CW for the CQI/PMI multiplexing. Each of the two methods selects a different CW only when the transmission rank is 3, and a higher MCS CW happens to be a one-layer CW. In such a case, the higher MCS CW selection would puncture a smaller number of CQI REs than the higher TBS CW selection method. Hence, we prefer the higher MCS CW selection method, for ensuring smaller CQI overhead. 
Proposal: A CW with a higher MCS should be selected for CQI/PMI transmission.
3 Resources Allocation for UCI in MIMO PUSCH
3.1 CQI/PMI

The two alternatives for a UE’s calculating the number of REs per layer carrying CQI/PMI agreed to be further considered in RAN1#61bis are as in the following:
· Alt 1(Baseline): A simple extension of Rel-8
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· Alt 2: further optimization for high-payload cases
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To compare the relative performance difference between Alt 1 and Alt 2, a set of simulations are performed, whose simulation parameters are summarized in the Appendix. Both for Alt 1 and Alt 2, target BLER is set to be 0.1, which is achieved via an outer-loop. For Alt 1, to mitigate the impact of CQI puncturing, it is assumed that eNodeB sets TB size for a CW carrying CQI intentionally higher than the TB size determined by the link adaptation, by the number of CQI bits. 
Figure 1 and Figure 2 show performance comparison between Alt 1 and Alt 2, in terms of throughput, CQI BLER and average number of CQI REs when 40 bits and 80 bits of CQI are piggybacked on a higher-MCS CW in a 2x2 MIMO PUSCH transmitted on 6 RBs in TU6 channel with 3 km/h speed. When CQI payload is moderate, e.g., 40 bits in 6 RBs, the throughput is not noticeably different between Alt 1 and Alt 2, while CQI BLER is slightly better in Alt 1 than Alt 2. On the other hand, when CQI payload is high, e.g., 80 bits in 6 RBs, in low SNR regime, we could see small throughput improvement of Alt 2 over Alt 1 at an expense of a higher CQI BLER, when they are compared with a same 
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 is a parameter that can be set by eNodeB, eNodeB can choose 
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 so that the eNodeB can achieve a desired tradeoff between throughput and CQI BLER. Hence, we do not see additional benefit of Alt 2, as compared to the baseline solution, Alt 1. 
Proposal: The number of CQI/PMI REs is determined by Alt 1.
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Figure 1 Performance comparison between Alt 1 and Alt 2, TU6 3km/h, 2x2 MIMO, 6 RBs, CQI = 40 bits
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Figure 2 Performance comparison between Alt 1 and Alt 2, TU6 3km/h, 2x2 MIMO, 6 RBs, CQI = 80 bits
3.2 HARQ-ACK and RI
The two alternatives for a UE’s calculating the number of REs per layer carrying HARQ-ACK and RI agreed to be further considered in RAN1#61bis are as in the following:
· Alt 1: In case single beta value is agreed, simple extension of Rel-8


[image: image14.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

å

-

=

-

=

-

-

PUSCH

sc

C

r

r

C

r

r

PUSCH

offset

initial

PUSCH

symb

initial

PUSCH

sc

M

K

K

N

M

O

Q

4

,

min

1

0

)

1

(

1

0

)

0

(

'

)

1

(

)

0

(

b


In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· Alt2: further optimization for high-payload cases
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To compare the relative performance difference between Alt 1 and Alt 2, a set of simulations are performed, whose simulation parameters are summarized in the Appendix. Both for Alt 1 and Alt 2, target BLER is set to be 0.1, which is achieved via an outer-loop. 

Figure 3 shows performance comparison between Alt 1 and Alt 2, in terms of throughput, HARQ-ACK BER and average number of HARQ-ACK REs when 10 bits of HARQ-ACK are piggybacked on both CWs transmitted in a 2x2 MIMO PUSCH transmitted on 6 RBs in TU6 channel with 3 km/h speed. The throughput is not noticeably different between Alt 1 and Alt 2, while CQI BLER is slightly better in Alt 1 than Alt 2. Hence, we do not see additional benefit of Alt 2, when compared to the baseline solution, Alt 1. 

Proposal: The number of HARQ-ACK or RI REs is determined by Alt 1.
[image: image17.emf]5 10 15 20

10

4

10

5

10

6

Geometry (dB)

Throughput (bps)

5 10 15 20

10

-4

10

-3

10

-2

10

-1

10

0

Geometry (dB)

HARQ-ACK BER

AN on PUSCH: 2x2, TU6, 3kmph, # ANs =10 bits, 



=2, 2.5, 3.125, 4

5 10 15 20

10

0

10

1

10

2

Geometry (dB)

Avg. # AN REs

 

 

Alt 1,



=2

Alt 2,



=2

Alt 1,



=2.5

Alt 2,



=2.5

Alt 1,



=3.125

Alt 2,



=3.125

Alt 1,



=4

Alt 2,



=4


Figure 3 Performance comparison between Alt 1 and Alt 2, TU6 3km/h, 2x2 MIMO, 6 RBs, HARQ-ACK = 10 bits
In practice, a different BLER target is used for each CW in order to best utilize the SIC receiver and maximize the system throughput. Then, the [image: image18.wmf]PUSCH

offset

b

 value used for SIMO transmission is no longer applicable for SU-MIMO transmission with rank>1. Instead, [image: image19.wmf]0
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. These values are needed both for the correct determination of HARQ-ACK or RI resources in case of SU-MIMO transmission and for the correct determination of the HARQ-ACK or RI resources in case a single-CW (either [image: image23.wmf]0
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, and the HARQ-ACK resources per layer are determined as
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In case the initial PUSCH transmission for a HARQ process conveys 2 CWs and the HARQ-ACK or RI is included in a PUSCH transmission conveying a single CW for a TB retransmission for the same HARQ process (the TB for the other CW was already correctly received in the previous transmission for the same HARQ process), the HARQ-ACK or RI resources are determined based on the transmission of the single CW. Therefore, if only one CW, [image: image29.wmf]j
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Proposal: When the initial PUSCH transmission is with 2 CWs and HARQ-ACK or RI is multiplexed in a PUSCH retransmission, for the same HARQ process, only for [image: image32.wmf]j
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Modulation format for A/N and RI

The primary reason for mapping HARQ-ACK and RI symbols to all layers for all CWs and time aligning them across layers (TDM with data before DFT precoding) is to avoid mutual interference across layers. To achieve this objective, the same modulation should be used for the HARQ-ACK or RI transmission in both CWs (instead of using the respective data modulation in each CW). This is particularly important in case of coding (e.g. using the (32, [image: image36.wmf]O

) RM code to transmit [image: image37.wmf]2

>
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 HARQ-ACK or RI bits in support of TDD HARQ-ACK multiplexing and DL CA). Therefore, at least in this case (but, for Tx/Rx simplicity, preferably always), the same modulation order should be used for the HARQ-ACK or RI transmission in both CWs. This modulation order may be the smaller of the two used for the data transmission in the two CWs. 
Proposal: For A/N and RI, the modulation format of the CW with the smaller MCS is used across all layers. 

4 CQI-Only Request in MIMO PUSCH

In Rel-8/9 36.213, a set of conditions are defined for UCI-only (QPSK) transmission without a data TB:
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Extending the Rel-8/9 approach, we also see the need of supporting UCI-only transmission in a two-TB MIMO transmission, where CQI/PMI alone occupies the layers associated with 1 CW and ACK/RI continue to spread across all layers. In addition, considering DL CA and enhanced feedback being discussed in Rel-10, a Rel-10 aperiodic report is likely to have a larger maximum CQI payload than Rel-8/9.  To more efficiently transmit this larger-payload aperiodic CQI report in CQI-only transmissions especially for DL CA UEs who are likely in a good geometry, we could also consider allowing 16QAM modulation as well as currently-available QPSK modulation in CQI-only transmissions. 
Proposal: Support UCI-only transmission in a two-TB MIMO transmission, where CQI/PMI alone occupies the layers associated with 1 CW. Consider support of both QPSK and 16QAM. 

5 Conclusion
The proposals in this contribution are summarized as in the following:
· CQI/PMI should be transmitted in a CW with a higher MCS.
· The baseline methods of determining CQI/PMI, HARQ-ACK and RI should be confirmed.
· For A/N and RI, the modulation format of the CW with the smaller MCS is used across all layers. 
· Support UCI-only transmission in a two-TB MIMO transmission, where CQI/PMI alone occupies the layers associated with 1 CW. Consider support of both QPSK and 16QAM. 
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Appendix: Simulation assumptions

Table 1 Link-Level Simulation Parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	TU6

	Mobility
	3km/h

	Number of Tx/Rx antennas
	2Tx, 2Rx

	CP
	Normal CP

	Bandwidth
	10MHz

	Modulation
	QPSK/16QAM/64QAM

	Channel estimation
	DFT-based channel estimator

	# of PRBs
	6

	# of Codewords
	2

	Transmission rank
	2

	MIMO receiver
	MMSE

	MIMO Precoders
	2x2 identity precoding

	Target BLER
	0.1

	Max number of HARQ rounds
	1

	# of CQI bits
	40, 80

	CQI Channel Coding
	TBCC

	
[image: image40.wmf]CQI

offset

b


	1.125, 1.250, 1.375, 1.625, 1.750

	# of HARQ-ACK bits
	10

	HARQ-ACK Channel Coding
	(32,O) RM code
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	2, 2.5, 3.125, 4
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