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1. Introduction
It was agreed to introduce uplink spatial multiplexing with multi-codeword transmission as well as single antenna port transmission in Rel-10. In RAN1#62 meeting, some remaining issues on UL transmission and control signaling were summarized as follows:
Remaining Issues:

· Number of transmission modes

· Details for DCI format for each transmission mode

· Signalling of TB disable signalling

· PMI signalling

· Need for definition of different antenna ports for PUCCH, PUSCH, SRS?

· CQI-only signalling

· Relation of PUCCH mode to PUSCH mode
In this contribution, we discuss the control signaling design on above issues for UL MIMO in Rel-10.
2. Discussion
2.1. UL transmission mode in LTE-A
A new transmission mode similar to DL mode 6 to support single layer spatial multiplexing was proposed in the past meetings [1-3]. The PDCCH overhead can be reduced via smaller DCI size for single layer transmission, however, it is not clear whether there are benefits with single layer spatial multiplexing compared to single antenna port transmission as shown in [4]. Additional specification effort should also be introduced for the new transmission mode as well as corresponding DCI format. Hence, we think it is not needed to introduce the third transmission mode for UL transmission.
It was agreed that two transmission modes, single port transmission and two ports SORTD, were introduced for PUCCH in Rel-10. In our opinion, the transmission mode of PUCCH and PUSCH should be configured independently. SORTD is introduced primarily for improvement of coverage, while spatial multiplexing is for higher throughput of data transmission especially in high SNR scenarios, so there seems no reason to tie them together. The previous decision on single antenna port mode also allows PUCCH and PUSCH to be configured in single port mode independently. 
2.2. Definition of antenna ports for PUSCH, PUCCH and SRS
Straightforwardly, definition of different antenna ports is natural for PUSCH and PUCCH, considering different functions and operations on antenna ports of PUSCH and PUCCH. Nevertheless, the same principle cannot be directly extended to SRS.
One of the primary functions of SRS is to obtain UL CSI and provide a measure to obtain transmission parameters such as RI/CQI/PMI for UL transmission. For accurate measurement at BS, it is straightforward for SRS to use the same antenna ports as PUSCH, as described in [7]. It is likely that the signal in the same antenna port will be mapped to physical antenna by the same implementation, and then the sounding can match PUSCH transmission well , at least when the same number of antenna ports is configured for SRS and PUSCH (case I). For example, when single antenna port is configured in both PUSCH and SRS, the same implementation in the same port will provide more accurate CQI for UE. Similarly, if multiple antenna ports are configured for both PUSCH and SRS, transmission in the same antenna ports (e.g. antenna port 0-3) as well as effective channel will also help BS to measure the RI/CQI/PMI. 
However, as claimed in [8], the transmission mode of SRS may be configured independently from PUSCH for some other applications. If different numbers of antenna ports are configured in PUSCH and SRS (case II), it will be problematic to use the same antenna port for different types of transmission. For example, if single antenna port transmission is configured in PUSCH, while multiple ports SRS is configured for SRS, it is a bit weird to use antenna port 0 for PUSCH transmission with antenna virtualization and simultaneously use the same port for antenna-specific SRS transmission. It is contrary to our motivation in case I. Hence, to avoid the conflict between case I and case II, it will be better to introduce a new antenna port independent for single antenna port transmission in PUSCH or SRS, so-called antenna port 4. Hence, when the same number of antenna ports is configured for SRS and PUSCH, the same antenna port(s), port4 or port 0-1 or port0-3, can be configured with the same implementation; when different number of ports are configured, different antenna ports can be configured for PUSCH and SRS with different operations. Though the specific mapping from antenna port to physical antenna may not be standardized in RAN1, it can be restricted in RAN4. By differentiating different operations in different antenna ports, UE implementation can be greatly simplified. To summarize, we propose that:
· Definition of different antenna ports is needed for PUSCH and PUCCH.
· The same antenna ports are used for PUSCH and SRS for accurate measurement, if they are configured with the same number of antenna ports. Otherwise, different antenna ports should be configured.
· One independent antenna port should be defined for single antenna port transmission in PUSCH or SRS, so-called antenna port 4.
2.3. Remaining Issues on design of format 0B
PMI signaling
There had been some discussion in [4][5] on the signaling of precoding information. The PMI bits can be reduced by reusing NDI or redefining the information field of PMI signaling for DL. Compared to these methods, which will increase the error detection probability and signaling complexity, a solution with less standardization complexity will be more attractive. Considering PMI signaling for RI=2 transmission with one CW only happens in partial and adaptive retransmission of 4 ports spatial multiplexing, which is not a common scenario in UL transmission, it is not needed to fully reuse the rank2 codebook for initial transmission. The signaling bit can be reduced via using only half of the rank2 codebook for one-CW-two-layer transmission as shown in tables 1-3 in blue font. The impact of precoding loss in this infrequent scenario on system throughput is negligible. Therefore, as shown in the following tables, we propose to reuse the PMI signaling mechanism in R8 DL as much as possible, while some slight modifications are also possible for smaller signaling size.
Table.1: Number of bits for precoding information
	Number of antenna ports at eNode-B
	Number of bits for precoding information

	2
	3

	4
	6(5)


Table.2: Content of precoding information field for 2 antenna ports

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
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Table.3: Content of precoding information field for 4 antenna ports
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	TRI=1: TPMI=0
	0
	TRI=2: TPMI=0

	1
	TRI=1: TPMI=1
	1
	TRI=2: TPMI=1

	2
	TRI=1: TPMI=3
	2
	TRI=2: TPMI=2
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	22
	TRI=1: TPMI=22
	15
	 TRI=2: TPMI=15

	23
	TRI=1: TPMI=23
	16
	TRI=3: TPMI=0

	24
	TRI=2: TPMI=0
	17
	TRI=3: TPMI=1
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	38
(29)
	TRI=2: TPMI=14 

(TRI=2: TPMI=5)
	27
	TRI=3: TPMI=11

	39
(30)
	TRI=2: TPMI=15
(TRI=2: TPMI=6)
	28
	TRI=4: TPMI=0

	40-63
(31)
	Reserved
(TRI=2: TPMI=7)
	29-63
(29-31)
	Reserved
(Reserved)


Signaling to support single CW transmission
In LTE R8/9 DL transmission, one transport block is disabled via MCS=0&RV=1 for multi-CW transmission. However, a new mechanism is needed in UL transmission because the MCS and RV are indicated together via MCS indication in UL signaling. In this section, we discuss about some solutions to disable one of the CWs.
Method1: Disabling one block via NDI&MCS configuration
In uplink signaling in LTE R8, IMCS larger than 28 is used for adaptive retransmission or aperiodic CQI(IMCS =29), and no new data will be transmitted in this case. Therefore, one CW can be disabled via a special configuration-NDI=1& IMCS =30/31. That is, if IMCS =30/31, and the NDI bit is set to 1, the corresponding CW is disabled; if the NDI bit is set to 0, in this case the transport block will be retransmitted with corresponding RV. This method is very simple, but the utilization of NDI may lead to some extent of error detection in BS. 
Method2: Disabling one block via PMI&MCS configuration
In [6], one mechanism is proposed using joint PMI&MCS configuration to disable one CW and simultaneously reduce precoding information indication. The number of enabled CWs is signaled via PMI information, and if only one CW is enabled, the PMI of the enabled CW is indicated via the unused MCS of disabled CW. In this case, the precoding information bits can be reduced as only the PMI for two CWs transmission are included in the information field. However, the possibility of error detection will be increased by this scheme with higher signaling and detection complexity. 
Method3: Disabling one block via reduced PMIs for some cases
A special case for UL MIMO transmission is one CW transmission with two layers, which may occur in retransmission of 4 ports transmission. Considering that the total number of PMIs in all the other cases is 24+16+12+1=53, the reserved 11 indices of the 6 bits precoding information can be used for the special case. That is, only 11 PMIs in all the 16 PMIs for 2 layers transmission will be used for one-CW-two-layer retransmission. In this case, the number of transmission CWs and layers can be jointly indicated via only precoding information, which is different from that in DL. As one-CW-two-layer retransmission is mostly triggered by PHICH without PMI indication, the performance loss can be negligible.
All the methods can be considered for single CW transmission with format 0B. However, compared to other methods, we prefer method1 considering simplicity and performance.
3. Conclusions
In this contribution, we discuss the design of transmission modes and control signaling for UL MIMO in Rel-10. We propose that:
· The agreed two transmission modes are enough for UL transmission in LTE-A.

· The transmission mode of PUCCH and PUSCH should be configured independently.

· Definition of different antenna ports is needed for PUSCH and PUCCH.
· The same antenna ports are used for PUSCH and SRS for accurate measure, if they are configured with the same number of antenna ports. Otherwise, different antenna ports should be configured.
· One independent antenna port should be defined for single antenna port transmission in PUSCH or SRS, so-called antenna port 4.
· The PMI signaling mechanism of DL spatial multiplexing can be reused as much as possible for UL spatial multiplexing with some possible modification for smaller signaling size.
· For UL multiple-port transmission, one CW can be disabled via associated NDI+MCS signaling, e.g. NDI=1& MCS=30/31.
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