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1. Introduction

It was agreed that simultaneous transmission of UCI on PUCCH and data on PUSCH is allowed in a same subframe. However, in some cases, UCI piggybacking on PUSCH like Rel-8 might be necessary for UL MIMO in power limited scenario. In RAN1 #60bis meeting, it was discussed and evolution is shown as follows:

· Focus the discussion on

· Consider the aspects of simplicity, decoding latency, throughput loss, robustness of UCI

· Different UCI may have different robustness requirements

· It is possible that different UCIs could have different mapping rules

In this contribution, we further discuss some multiplexing issues for UCI transmission in multi-codeword scenario based on analysis on the above and some other aspects
2. UCI Multiplexing Schemes
Considering that UCI is required to be more robust than data, UCI should be transmitted with robust signal construction. In Rel-8, there is a UCI piggybacking on PUSCH when PUCCH and PUSCH are transmitted in a same subframe. Since UL MIMO with multiple layers is used in LTE-A, a study may be necessary for UCI piggybacking on PUSCH in power limited scenarios. In the previous meeting, the following three multiplexing scheme of UCI and data were proposed.
Option A. UCI on single layer

Select single layer for control-data multiplexing. Alternatively the layer can be selected implicitly by using (a) the layer with the higher MCS level, or (b) the layer with higher SINR, or (c) the layer that induces smaller impact to the PUSCH performance, or (d) a combination of some of them. 
Option B. UCI on single codeword(or TB)

Select layers associated with one of the codewords for control-data multiplexing. A criteria/rule is needed to select the appropriate CW. The codeword can be selected via higher layer signalling or dynamic PDCCH signalling. Alternatively the CW can be selected implicitly by using (a) the codeword with the higher MCS level as provided in the PDCCH that assigns the PUSCH, or (b) the codeword with higher SINR, or (c) the CW occupying the larger number of layers, or (d) the codeword that induces smaller impact to the PUSCH performance, or (e) a combination of some of them.
Option C. Replicate UCI over all layers

Replicate UCI data to all the layers means the same UCI data over all layers. The UCI will have the same rank as data on PUSCH, and the same encoded UCI will be repeated on every layer. Since the effective coding rate has been increased by repetition, the UCI performance may be enhanced.
3. Decision Aspects on UCI Multiplexing Schemes
These multiplexing schemes show possible UCI multiplexing when MIMO transmission mode is configured for UL PUSCH transmission. Though they may have their own merits, we would like to point out several aspects for deciding proper UCI multiplexing scheme. 

· Specification efforts (simplicity)
Adopting UCI piggybacking on PUSCH implies that there should be a new definition on the UCI multiplexing into the PUSCH resource and symbol mapping on each MIMO layer for all the UCI piggybacking schemes for MIMO transmission mode. For example, the number of REs for UCIs and codeword to layer mapping method should be modified or re-defined for optimal performance on MIMO condition since the previous methods in Rel-8[1] are derived under the condition of single codeword with single layer. Therefore, specification efforts can not be a critical criterion to decide multiplexing scheme for UCI and data.

· Robustness for UCI

In MIMO transmission, the maximum transmission power is proportion to the number of antennas. Based on this fact, multiplexing UCI over all layers is the scheme that has maximum transmission power for UCI transmission. Therefore, multiplexing UCI over all layers is the way to transmit UCI to transmit UCI more robustly than the other schemes.
· Throughput loss
Since the number of REs for UCI on each layer is decided by QoS level of UCI, more robust transmission means less REs are needed for the same QoS level [2]. In this point of view, on multiplexing UCI over all layers, the number of REs for UCI per each layer is smaller than the other schemes. Therefore, throughput loss for multiplexing UCI over all layers can be negligible to the other schemes.
· Decoding latency
In the case of replicate UCI data over all layers, the interference cancelation scheme can be simpler than the others with the same performance. Simple interference cancelation means short decoding latency. Therefore, replicate UCI data over all layers can be preferred to the others in the aspect of decoding latency
· Utilization of power amplifiers

Based on RAN4 decision on PA configuration in case of multiple uplink transmission antennas, there exist multiple power amplifiers which can be implemented to support multiple transmissions. Considering that the requirement of control information multiplexed in PUSCH is much strict than that of data traffic, it would be better to utilize all the power amplifier to be achieved the target QoS regardless of transmission modes. In addition, by utilizing all the PAs, the same coverage as in Rel-8 can be achieved, which is a critical consideration point for LTE-A UEs to coexist with legacy UEs. To satisfy the above considerations, replicate UCI over all layers is the best and simplest way. Therefore, transmitting the same UCI data over all layers is preferred in this aspect.

· Agnostic demodulation structure for UCI

It is preferred to have an agnostic demodulation structure for UCI detection regardless of the PUSCH transmission mode. For example, if the legacy demodulation structure can be reused even with MIMO transmission mode, there is no change on the detection/decoding latency with piggybacked UCI reception compared to that of Rel-8 UEs. Moreover, to maintain the structure as simple as possible, the demodulation structure of UCI should not be drastically changed depending on the PUSCH transmission modes such as SIMO/MIMO modes with/without data traffic. Transmitting the UCI data over all layers is the simplest way to achieve this property. Therefore, replicate UCI over all layers is highly preferred in this aspect.

Based on the above considerations, we summarize the property of each scheme is in the following Table 1.
Table 1. Comparison of different schemes
	
	Specification efforts (simplicity)
	Robustness for UCI
	Throughput loss
	Decoding latency
	Utilization of PAs
	Agnostic demodulation structure

	Option A (Single layer)
	Needed
	Worse than option B and C
	Smaller than option B and C
	Larger than option C
	No
	No

	Option B

(Single CW)
	Needed
	Between option A and C
	Between option A and C
	Larger than option C
	No
	No

	Option C

(All layer)
	Needed
	Better than option A and B
	Larger than option A and B
	Smaller than option A and B
	Yes
	Yes


From the above consideration, our preference is Option C based on that the QoS of LTE-A UCI should be guaranteed regardless of transmission mode and antenna configuration even though the data throughput may not be optimized with Option C.
4. Further Considerations on UCI Multiplexing Specification
Since UCI multiplexing on MIMO PUSCH and LTE-A UCI may be newly defined, UCI multiplexing above may require additional works related to the UCI piggybacking operation such as UCI-to-layer mapping, UCI region allocation, details on UCI-to-RE mapping, supportable bit range of each UCI type(e.g. LTE-A CQI, PMI, RI, ACK/NACK, etc). Note that RAN1 does not have any concrete value/procedure on the LTE-A CQI/PMI/RI when UCI piggybacking is considered. 
· UCI-to-layer mapping

The UCI-to-layer mapping in Rel-8 [1] is decided under single codeword with single layer environment. However, considering MIMO environment in Rel-10, new UCI-to-layer mapping is required adopt to multi-layer environment regardless the multiplexing schemes.
· UCI region allocation
The allocated region of REs for UCI in Rel-8 [1] is derived under single codeword with single layer assumption. However, considering multiple layers and multiple codewords, UCI region size can be a function of the assigned transmission mode depending on the UCI multiplexing schemes. Therefore, some modification or re-definition may be necessary for allocating UCI resource and corresponding signalling of configuration parameters in case of MIMO PUSCH transmission.

· Details on UCI-to-RE mapping

Since the UCI to RE mapping scheme in Rel-8 is decided under single codeword with single layer condition, some additional discussion on the UCI to RE mapping for each control signal may be feasible for control channel QoS optimization.
· Exact bit size range of each UCI type
To support LTE-A features (e.g. antenna extension, larger bandwidth support, etc), the size of LTE-A feedback information may be increased compared to that of Rel8 feedback information. In addition to the information size extension of measurement feedback, the size of ACK/NACK information can be also extended to support larger bandwidth. Considering LTE-A information extension, the UCI piggybacking should be defined so that the uplink PUSCH resource can be efficiently utilized. Therefore, some discussion is required to define the exact bit size range of each UCI type and solution for over-sized UCI than the Rel8 range.
We recommend that RAN1 should consider these issues during deciding the overall UCI multiplexing scheme and designing details of LTE-A UCI multiplexing scheme. 
5. Conclusions 
 In this contribution, we compare UCI multiplexing schemes in some aspects. Based on the above comparison, Option C (repetition UCI over all layers) is preferred. In addition, we also recommend RAN1 to consider specification efforts required for introducing UCI piggybacking on UL SU-MIMO transmission. 
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