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1 Introduction
In 3GPP RAN1#61 meeting, companies shared their views on UCI multiplexing in MIMO PUSCH transmissions [1]—[13]. The following was agreed after some discussion:
· HARQ-ACK and RI:

· Replicated across all layers of both CWs 

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· CQI/PMI: transmitted only on 1 codeword

· Reuse Rel-8 multiplexing and channel interleaving mechanisms

· Extension: The input to data-control multiplexing { 
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 of length Q_m*L 

· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2

· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection

In this contribution, we discuss about further details of UCI multiplexing in PUSCH for SU-MIMO UEs, including the selection of CW for CQI/PMI transmission, the RE size determination for both CQI/PMI and A/N, RI, CQI –only transmission, etc.
2 CW Selection for CQI/PMI Transmission

[image: image4.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. 
Several alternatives have been discussed on how to select a CW to carry CQI/PMI, including semi-static configuration by higher layers, dynamically signaling via PDCCH, implicit indication by MCS, and fixing the selected CW. As explicit semi-static or dynamic indication incurs unnecessary overhead, we prefer the simple implicit indication of the selecting a higher-MCS CW. If a lower-MCS CW is used CQI multiplexing, the number of REs available for data transmission may not be sufficient for a reliable transmission of a TB. As shown in the simulation result, when link-adaptation does not account for CQI insertion in CQI-multiplexed subframes, the data BLER is much higher when the method of choosing a fixed CW is used than when the method of choosing a higher-MCS CW is used. 
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Figure 2 Numbre of REs used for multiplexing CQI in PUSCH.
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Figure 3 Block error rate of data in PUSCH.
Proposal: CQI/PMI should be transmitted in a CW with a higher MCS.
3 Resources Allocation for UCI in MIMO PUSCH
3.1 CQI/PMI

The number of REs to carry CQI/PMI can be determined according to an equation similar to the one used in Rel-8. Accounting for the fact that with UL MIMO SM the number of REs available for a CW carrying CQI/PMI is 
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 is the number of layers in the CW, we obtain the total number of REs per layer carrying CQI/PMI, or 
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Where similar to the treatment in Rel-8 we have, 
· 
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 is the number of CQI/PMI bits,
· 
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 is the number of CRC bits given by 
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· 
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 shall be determined according to 36.213,
· 
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 is the total number of REs allocated for RI counted over all the layers carrying the CQI/PMI,
· 
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 are obtained from the initial PDCCH for the same transport block, 
· 
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is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the same transport block.
However, in order to make sure that total number of REs is divisible by number of layers according to the agreement in RAN1#61, we further apply the following operation 
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Where  
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is the number of REs used for RI in each layer. Alternatively, we can write the equation the number of CQI REs for each layer (denoted as
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3.2 HARQ-ACK and RI

Alt 1: Similar to equations presented in section 3.1, one simple alternative of determining the total number of ACK/RI REs is given by 
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and equivalently the required RE for each layer is given by
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. 
Alt 2: The RE number calculation for HARQ-ACK and RI shown above assumed the same offset 
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 for both CWs. This implicitly imposes the constraint to operate each CW with the same BLER target. However, 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 
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 value used for SIMO transmission is no longer applicable for SU-MIMO transmission with rank>1. Instead, 
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 should be associated with respective values 
[image: image32.wmf]PUSCH

CW

offset

0

,

b

 and 
[image: image33.wmf]PUSCH

CW

offset

1

,

b

. 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 
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) is transmitted in a HARQ re-transmission. Therefore, the eNodeB should signal to the UE two 
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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, 
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, is included in a PUSCH transmission corresponding to a TB retransmission for the same HARQ process, the HARQ-ACK or RI resources per layer are determined as 
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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 
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, the HARQ-ACK or RI resources are determined assuming initial transmission of only 
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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, 
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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 number of CQI/PMI/RI or A/N REs per layer is also proposed in this contribution.
· 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

	Code Rate
	1/2

	Channel coding
	Turbo

	Rate matching
	Circular buffer based

	Modulation
	QPSK/16QAM/64QAM

	Channel estimation
	DFT-based channel estimator

	# of PRBs
	2

	# of Codewords
	2

	Transmission rank
	2

	MIMO receiver
	MMSE

	MIMO transmission scheme
	Closed-loop precoding with MCS adaptation

	# of CQI bits
	40
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