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1. Introduction
Multiplexing of UCI and data in PUSCH had been supported in LTE with only single layer transmission in uplink. Uplink spatial multiplexing with two codewords and up to four layers transmission is introduced in LTE-A for higher spectral efficiency. In this case, the mapping rule of UCI in LTE should be reconsidered for multi-layer transmission. 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 listed features.
2. Discussion
Issue1: One CW or two CWs?

In the last meeing, multplexing of UCI and data were discussed in some contributions[1-4]. It was claimed in [1] that UCI should be transmitted in only one of the codewords in case of muti-codeword transmission. In[2], all the CW/layers were proposed to be used for UCI transmission. It is known that transmission of UCI in PUSCH will increase the efficient coderate and then lead to throughput loss due to higher BLER, especially for the CW with lower CQI. Therefore, from the view of simplicity and throughput loss, transmission of UCI in only one CW seems more reasonable. Furthermore, we haven’t seen the necessity to introduce much more resources(e.g.    treble or fourfold resources) than LTE for UCI transmission in LTE-A.
· Considering the overhead, only one codeword is used for UCI transmission.
Issue2: Which CW to transmit UCI?
In case that the same UCI bits are transmitted in two CWs with different MCSs, greater effect will be taken to the CW with lower MCS and smaller transport block. In other words, the decoding error of UCI as well as the throughput loss of data will be relatively more significant in that CW. Hence, it is strightward to choose the CW with higher MCS to transmit UCI. The first CW can be chosen in case of CWs with the same MCS. Nevertheless, since the CW for UCI transmision may change frequently along with PMI and channel condition, the choice of a fixed CW(e.g. the first CW) can also be considered for simplicity.
· Either the CW with higher MCS or a fixed CW can be considered for UCI transmission without additional DL signaling.
Issue3: How to map UCI to multi-layer?
Considering different types of UCI may have similar or differnt multiplexing schemes, the mapping rule of UCI to multi-layer should be carefully studied. In general, three schemes can be considered for UCI transmission in multi-layer of one CW.
· Mode1: Transmit the UCI in only one layer.

· Mode2: Multiplex the UCI in multi-layer similar to data.
· Mode3: Repeat the UCI in multi-layer.
Based on the three modes, possible solutions are listed in Table1. It is worth noting that ACK/NACK has higher transmission requirement than CQI and some type of repeat may be introduced. We further compare the solutions in several aspects in Table2.
Table1 Solutions for UCI transmission in multi-layer

	UCI
	Alt1
	Alt2
	Alt3
	Alt4
	Alt5

	ACK/NACK
	Mode1
	Mode2
	Mode2
	Mode2
	Mode3

	CQI
	Mode1
	Mode1
	Mode2
	Mode3
	Mode3


Table2 Comparison of different solutions
	Solutons
	Simplicity (Backward compatibility)
	Decoding Veracity
	throughput loss of data
	Other Features

	Alt1[4]
	Yes
	Low
	Low
	Similar cost and decoding perforamce as LTE 

	Alt2
	No
	Mediem
	Mediem
	Beneficial for ACK/NACK transmission

	Alt3[3]
	Yes
	Mediem
	Low
	Layer diversity gain. 

Similar cost as Alt1.

	Alt4
	No
	High
	Mediem
	Layer diversity gain expecially for ACK/NACK transmission

	Alt5[2]
	Yes
	High
	High
	Doubled overhead of Alt3


From Table2, it can be found that more accurate UCI transmission can be obtained at the cost of higher throughput loss. In effect, the performance requirement of ACK/NACK transmission in LTE-A is simialr to that in LTE. Hence, from the view of simplicity, it may be unnecessary to introduce individual mapping rule for ACK/NACK(e.g. Alt2 or Alt4). Besides, the benefit of MIMO transmission in form of diversity gain by multi-layer should be fully exploited for higher transmission veracity of UCI. Therefore, Alt 3 or Alt5 is preferrd to us.
· Considering backward compatibility and diversity gain, two candidates can be considered for mapping of UCI to two layers:

· All the UCI is mapped to both layers together with data according to layer mapping pattern.

· All the UCI is transmitted repeatedly in two layers. 
3. Conclusions
In this contribution, we discussed the details on multiplexing of UCI and data in PUSCH. Based on analysis on some optional solutions, we propose that:
· Only one codeword is used for UCI transmission.
· The CW for UCI transmission can be predefined without additonal signaling.
· Two candidates can be considered for mapping of UCI to two layers:
· All the UCI is mapped to both layers together with data according to layer mapping pattern.

· All the UCI is transmitted repeatedly in two layers.
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