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1 Introduction
At the RAN1#61 meeting, it was agreed that there will be at least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple antenna ports, which include single-antenna port (SAP) mode and multi-antenna port (MAP) mode. It is FFS whether a third RRC-configured multi-antenna transmission mode is needed or not [1]. 

Furthermore, the PUCCH transmission modes should be discussed since at least for format 1/1a/1b it is agreed that both single antenna port and multi-antenna port transmission will be supported for Rel-10 PUCCH.
For PUSCH/PUCCH transmission, the transmitted data shall be mapped onto single-antenna port or multi-antenna port depending on the transmission mode. To enable such data mapping, the uplink antenna ports need to be defined. In this contribution we  discuss the PUCCH transmission modes in Section 2 and the antenna port definitions in Section 3. 

2 PUCCH transmission modes

In [2], it is stated that an “uplink single antenna port mode” is defined for UEs with multiple antennas and that it can be independently configured for PUSCH, PUCCH and SRS and motivations were discussed in [3]. 
In addition to single antenna port PUCCH transmission, a multi-antenna port transmission mode, SORTD has been agreed as the transmit diversity scheme for PUCCH format 1/1a/1b. For PUCCH format 2/2a/2b, the discussion of transmit diversity is ongoing in RAN1. 
Comparing single antenna port transmission and SORTD, the advantage of SORTD is that cell coverage can be increased due to the transmit diversity gain. Alternatively, given the same cell coverage, the required transmission power for SORTD can be reduced which can prolong battery life and mitigate inter-cell interference. However the cost is that two sequences are needed for SORTD. 
Hence considering the tradeoff between performance gain and resource overhead, using MAP mode for PUCCH is primarily expected to benefit cell edge UEs and thus UEs with medium to high SNR will better be configured to use SAP mode. Thereby, these UE will not create unnecessary interference to other UEs (by using two sequences)  and will not consume unnecessary PUCCH resources (especially for semi-static configured resources). Simultaneously, such high SNR UE is likely to use MAP for PUSCH to utilize spatial multiplexing, so independent mode configuration for PUCCH and PUSCH is beneficial. 
Proposal: Define two UE-specific transmission modes (SAP and MAP) for PUCCH where the mode configuration is semi-static and independent of the configured PUSCH transmission mode.

3 Uplink antenna port definitions 
We propose that the uplink antenna ports are defined as UE-specific and component carrier specific. Uplink antenna ports can be specified in several ways, but to keep the specification simple and clean, it is proposed that 12 UE specific uplink antenna ports should be specified, see Table 1. Note that for the uplink, an antenna port is not associated with a unique reference signal as in the downlink, but the association is dynamic and signalled either explicitly (e.g. depending on PRB scheduling bandwidth, DMRS+OCC allocation etc. in the DCI for PUSCH) or implicitly (via CCE index for PUCCH).

In Figure 1, an example is given how antenna ports (AP) are used for a two antenna UE using MAP mode for both PUSCH and PUCCH. An explanation of the numbering and a complete list of the antenna ports is given in Table 1 below.

AP8 and AP11 are the SAP fallback transmission antenna ports for PUSCH and PUCCH respectively (SAP fallback for PUCCH is still under discussion). 
For PUSCH, precoded DMRS is used and it has been agreed that the precoding is codebook based. Note that when in MAP mode for PUSCH, dynamic fallback to SAP is supported, and in this case port 8 is used for PUSCH where port 8 is not precoded under eNB control but port 8 may include some implementation specific use (i.e. antenna virtualization) of the multiple antennas.  


[image: image1]
Figure 1 Diagram showing an example of a two antenna UE configured with two antenna ports (AP) for PUSCH and SRS and SORTD for PUCCH. The virtualization or antenna selection in case of SAP fallback is part of the implementation choice and this figure shows one example of an implementation. 
RAN1 needs to discuss further whether some parts belonging to implementation shall be moved to part of the specification. For instance, if eNB could assume that when SAP is configured for SRS, PUSCH and PUCCH, then the respective AP’s are equivalent so eNB can use any of them for sounding the same uplink channel.   
Table  1 Definition of the 12 uplink UE specific antenna ports and their use for the SRS, PUCCH and PUSCH. The SRS and PUSCH are independently configured with 1 (SAP), 2 or 4 antenna ports and PUCCH with 1 (SAP) or 2 (SORTD) antenna ports.  An example on how to read the table: Assume two SRS antenna ports, two PUSCH antenna ports and one PUCCH antenna ports (SAP) are configured for a UE, the UE will then use port p∈{0,1} for SRS, port  p∈{4,5} for PUSCH and port p∈{9} for PUCCH transmission. In the case PUSCH dynamically falls back to SAP, it will use port p∈{8}.Used AP in this example are marked as red.
	Port number
	Reference

signal
	Reference for
	Number of independently configured antenna

ports for SRS, PUSCH and PUCCH respectively

	
	
	
	1 (SAP)
	2
	4

	0
	SRS
	“Physical antenna #0”
	X
	X
	X

	1
	SRS
	“Physical antenna #1”
	-
	X
	X

	2
	SRS
	“Physical antenna #2”
	-
	-
	X

	3
	SRS
	“Physical antenna #3”
	-
	-
	X

	4
	DMRS
	PUSCH layer 1
	X
	X
	X

	5
	DMRS
	PUSCH layer 2
	-
	X
	X

	6
	DMRS
	PUSCH layer 3
	-
	-
	X

	7
	DMRS
	PUSCH layer 4
	-
	-
	X

	8
	DMRS
	PUSCH SAP fallback
	-
	X
	X

	9
	DMRS
	PUCCH layer 1
	X
	X
	-

	10
	DMRS
	PUCCH layer 2
	-
	X
	-

	11
	DMRS
	PUCCH SAP fallback (under discussion)
	-
	X
	-


For PUCCH, SAP or SORTD may be configured but four port transmission of PUCCH is not supported, hence, only two ports, port 9 and 10 is needed for PUCCH. 
If  dynamic fallback to SAP is supported (in case of a single CCE in the PDCCH carrying the DL grant), then port 11 can be defined for the SAP fallback for SORTD. It is different from port 9 due to the same reason as we have port 8 for PUSCH.
The PUSCH antenna ports in support of Rel-10 precoding are mapped onto all the configured SRS antenna ports through precoding operation similar to Rel-8 downlink which is illustrated in Figure 2. The precoding matrix/vector is signaled by eNB and comes from the defined codebook. For example, in the case of four SRS antenna ports configuration with rank 2 transmission, the two precoded DMRS corresponds to antenna port p=4 and p=5 which are mapped onto antenna ports p({0,1,2,3}  through the 4x2 precoding matrix from the defined 4TX codebook. 
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Figure 2: Mapping from PUSCH antenna ports to SRS antenna ports for rank 1-4
4 Conclusions

Based on the discussion in this contribution, we propose the following regarding PUCCH transmission mode configuration and uplink antenna port definition:

· For multi-antenna UEs, define two UE-specific transmission modes, the single antenna port mode and the multi-antenna port mode for PUCCH.  The mode configuration is semi-static.

· For PUCCH, the configured multi-antenna port transmission scheme can dynamically fall back to single antenna port transmission.

· SRS, PUSCH and PUCCH antenna ports should be defined for uplink, a possible definition is given in Table 1.  
5 References 
[1] R1-103404, “Summary of UL MIMO and UL RS Ad-hoc session”, Samsung, Montréal, Canada, May 10-14, 2010
[2] TR36.814 v9.0.0

[3] R1-103108, “Uplink transmission modes”, Huawei, Montréal, Canada, May 10-14, 2010.
[4] R1-103109, “Transmission mode configuration and the mapping of PA/Antenna to CC”, Huawei, Montréal, Canada, May 10-14, 2010.
PUSCH





AP4





Precoding





AP5





AP8





AP0





AP1





AP11





AP10





PUCCH





Virtualization/Selection





AP9





Virtualization/Selection





Part of implementation choice





Part of specification





SRS








_1337969835.vsd
p=0


p=1


SRS 0


SRS 1


rank       1/2/3/4 precoding


p=0


p=1


p=2


 SRS antenna ports


p=3


SRS 1


SRS 2


SRS 3


SRS 0


 PUSCH antenna ports


SRS antenna ports


p=4


p=5


rank 1/2 precoding


p=2


p=3


 PUSCH antenna ports


p=6


p=7



