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1. Introduction

At RAN1 #61 meeting the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions agreed [1]:
· 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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· 
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 (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for 
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· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection
In this contribution, we further discuss some multiplexing issues for UCI transmission in the multi-codeword scenario based on analysis on the above and some other aspects
2. Number of REs Calculation
In LTE Rel-8[2], only single layer PUSCH is supported. When UCI is due in the same subframe as the scheduled PUSCH, the number of coded symbols for UCI is determined as follows:
· for HARQ-ACK or RI: 
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· for CQI: 
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In LTE Rel-10, SU-MIMO is supported in UCI multiplexing on PUSCH. When multiple spatial layers are multiplexed for PUSCH, our recommendation of the number of REs calculation for UCI is as follows
A. HARQ-ACK and RI

Since HARQ-ACK or RI is repeated over all layers, the number of REs should be the same over all layers. There could be two method of the number of REs calculation for HARQ-ACK and RI.

· Based on specific CW 
This could be the simplest way to calculate the number of REs for HARQ-ACK and RI. But if we decide the number of symbols corresponding to a specific CW, there could be performance degradation of data throughput or UCI robustness on the other CW.

· Average of calculated value of each CW

To reduce the performance loss, the number of allocated REs on the layers should be decided between the calculated numbers of REs corresponding to each CW. Furthermore, the CW with more layers affects the performance more than the other CW, the decision of allocated REs should be consider the number of layers on each CW. On the view of specification effort, it is highly recommended to reuse the Rel-8 mechanism without change or just a little addition. Considering about these points, the average of calculated REs according to Rel-8 mechanism weighted by the number of layers could be the good solution. By the property of arithmetic average, the CW with large calculated REs value via Rel-8 effects more than the CW with small calculated REs value in our proposal. This means the following equation (1) is the mechanism considering the robustness of UCI on the CW with bad channel condition compared to the mechanism in [5].
  Considering the above points, we suggest the number of REs calculation method for HARQ-ACK or RI as follows
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where 
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 is the calculated number of REs for HARQ-ACK or RI according to Rel-8 scheme on each CW, 
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 is the number of layers in 
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Let assume that the system with the following parameters. To compare the calculation result to Rel-8 mechanism, we assume that each CW has 1 layer.
Table 1. Parameters of the sample system

	
	CW1
	CW2

	ITBS
	10
	0

	NPRB
	10
	10

	TBS
	1736
	256
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	8
	5


From the above parameters, the number of REs 
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calculated by each mechanism is given as
Table 2. Calculated value of REs for given parameters in Table 1

	
	CW1 via Rel-8
	CW2 via Rel-8
	By Qualcomm in[5]
	Proposed
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	14
	57
	12
	36


As you can see in the above table, the calculated result via the mechanism in [5] is even less than the result via Rel-8 on the CW with better channel condition, whereas the calculated result via the proposed mechanism in this proposal has the value between CW1 and CW2.
B. CQI 
Since CQI is transmitted on single CW, it would be better to reuse Rel-8 mechanism on calculation of the number of REs for CQI. In the case of CW with multi-layer, there could be two clear solutions to decide the number of REs for CQI as follows

· Apply Rel-8 value to each layer

· Divide the Rel-8 value by the number of layers

If we apply the value from Rel-8 mechanism to each layer, it would be better to repeat CQI over all layers in CW than to spreading it. Therefore, the number of REs for CQI on each layer should be divided by the number of layers on the allocated CW. Considering about this, we recommend the calculation method of number of REs for CQI on each layer as follows
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where 
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 is the calculated number of CQI on 
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 is the number of layers in 
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By applying the above methods, we can determine the number of REs for UCI on SU-MIMO just adding a little specification effort to Rel-8.

3. TB Selection for CQI
There are two option of the target which CQI is mapped on. 

· Mapping CQI on TB

· Mapping CQI on CW
In the case of mapping CQI on CW, it is hard to cope with dynamic channel environment changes. On the other hands, mapping CQI to TB has another chance to select the transmit antennas at mapping between TB and CW. Therefore, mapping CQI on TB can be network configurable method adapted to dynamic channel.

UCI is firstly mapped on TB and TB is mapped to CW after UCI is mapped to TB. Currently, mapping of TB and CW can be changed by swap, that means, TB and CW is not the same means. The mapping of TB to CW can be variable as in Table 1 and 2 by the swap flag.

Table 1: Two transport blocks enabled
	transport block
to codeword
swap flag value
	codeword 0
(enabled)
	codeword 1
(enabled)

	0
	transport block 1 (data and UCI)
	transport block 2 (data only)

	1
	transport block 2 (data only)
	transport block 1 (data and UCI)


Table 2: One transport block enabled
	transport
block 1
	transport
block 2
	codeword 0
(enabled)
	codeword 1
(disabled)

	enabled
	disabled
	transport block 1 (data and UCI)
	-

	disabled
	enabled
	transport block 2 (data only)
	-


Since CQI is transmitted on single TB, the decision criteria of TB selection for CQI are needed. To transmit CQI more robust, the TB which transmits CQI is determined as follows

· CQI is transmitted on the TB with high MCS level

· Mapping between TB and CW can be changed by swap flag, 0th TB can be mapped to 0th CW or 1st CW according to the environment
By selection of TB in the above method, we can act flexibly corresponding to the dynamic channel change.
4. Data-Control Multiplexing and Channel Interleaver
 In #61 meeting, it was agreed that multiplexing and channel interleaver for UCI multiplexing on SU-MIMO reuses Rel-8 multiplexing and channel interleaving mechanisms [1]. The only change is that the input to data-control multiplexing 
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, where 
[image: image22.wmf]L

 (1 or 2) is the number of layers the CW is mapped onto. From this agreement, we suggest slight changes due to column vector size change as follows
· The number of output symbol of data-control multiplexing 
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is changed as follows
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· The ACK/NACK and RI input 
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 to channel interleaver is redefined as follows
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where, 
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are ACK/NACK and RI symbol for each layer with the size 
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· The number of rows of channel interleaver is changed as follows 
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· The number of rows of channel interleaver for column vector is changed as follows 
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· The other schemes reuse Rel-8 multiplexing and channel interleaving schemes.
By the above changes, the data-control multiplexing and channel interleaving scheme in Rel-8 can be applied to UCI multiplexing on SU-MIMO.
5. Conclusions 
In this contribution, we have suggested the some schemes for UCI multiplexing on SU-MIMO based on the agreement at the previous meeting [1]. The summary of our recommendations is as follows
· Number of REs calculation: 
· Layer weighted average after applying Rel-8 method to each layer
· Little specification efforts
· Considered mechanism to CW with bad channel condition
· TB selection for CQI: 
· TB with the highest MCS level. 
· Mapping between TB and CW can be swapped.
· Flexible and adaptable to dynamic channel changes
· Data-Control multiplexing and Channel interleaver: 
· Basically reuses Rel-8 mechanism. 
· Some changes are suggested caused by change of grouping size from 
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