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1. Introduction

As of Rel-10, spatial multiplexing with up to 2 or 4 layers is supported in the uplink. Single antenna transmission is no longer the only viable option and the eNodeB needs to be able to configure the UE in the appropriate transmission mode. 
Support for an UL Single Antenna Port Mode is already agreed, according to the decision in RAN1 #58

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.
· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective
· Exact UE implementation is left to UE vendors (e.g., PA architecture)
· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission
· Detail scenarios and operation FFS 
This indicates that there are other transmission mode(s) geared towards multi-antenna transmission and also that both PUSCH and PUCCH provides configurability with respect to transmission modes. In RAN1 #61 further details are given
· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 
· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability). 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed
· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes.  

Transmission modes and design of DCI formats have received considerable attention in several contributions [2] 
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[5] . The detailed content of DCI formats is however difficult to settle unless it is clear which transmission modes are supported. This contribution therefore focuses on transmission mode configuration for PUSCH and PUCCH as well as discusses the highly related topic of configuration of number of ports for SRS.

2. RRC Configuration of Number of Antenna Ports for PUSCH, PUCCH and SRS

2.1. Transmission Mode Configuration of PUSCH

The configuration of transmission mode basically determines the set of antenna ports available for the transmission. For PUSCH it also specifies which DCI formats the UE need to blindly decode in a given subframe and between which transmission schemes dynamic switching is supported.  It is clear from past decisions that we for PUSCH will have an uplink single antenna port mode as well as mode(s) for multiple antenna ports. To support 2 and 4-layer spatial multiplexing, two configurations are needed – Dual Antenna Port Mode and Quadruple Antenna Port Mode. Similar to as in the downlink, it is also possible to equivalently describe these two configurations as a single Multi-Antenna Port Mode but with an additional parameter specifying whether two or four antenna ports are available. In this contribution we choose the former approach since the number of antenna ports is anyway used for distinguishing between single and multi-antenna transmission.
We propose to introduce three different transmission modes for PUSCH as given in Table 1. Common to all the modes is the support of dynamic fall back to DCI format 0 for single antenna port transmission according to Rel-8. The same DCI format 0 is used regardless of transmission mode. Similar to as in the downlink, this ensures that there is always a way for the UE to communicate with the eNodeB that is independent of the configured transmission mode. Such functionality is important for maintaining some communication capabilities during a transmission mode switch, which in LTE is non-synchronous. 

Proposal

· Three uplink transmission modes for PUSCH are supported – PUSCH Single Antenna Port, PUSCH Dual Antenna Port, and PUSCH Quadruple Antenna Port

· Dynamic fall-back to Rel-8 single antenna transmission scheme using DCI format 0 in all transmission modes
· More details in Table 1.
Other aspects of the transmission are configured separately to the transmission mode. This includes non-continuous resource allocation and the Rel-8 UE Transmit Antenna Selection.  To avoid double functionality with the multi-antenna transmission specified for Rel-10, UE Transmit Antenna Selection is only applicable to the UE Single Antenna Port Mode and the settings of that mode moreover needs to be exactly corresponding to Rel-8. Non-continues resource allocation may be introduced by exploiting the padding bit in DCI format 0. 

The PUSCH Single Antenna Port Mode with all settings exactly corresponding to Rel-8 is the default mode of the UE. This is necessary so that a Rel-10 UE acts as Rel-8 in a Rel-8 network and so that the UE behavior is well-defined before the UE capabilities are known to the network.
Proposal
· PUSCH Single Antenna Port Mode with settings corresponding to Rel-8 is the default mode for PUSCH
Introduction of a PUSCH transmission mode or DCI format for using a single precoded antenna port has been proposed in order to provide precoding gain while reducing the signaling overhead incurred by a multi-antenna port capable DCI format. Because of inaccuracies in the link adaptation, the precoding gain is rather modest and multi-tx transmission in the uplink is primarily about achieving spatial multiplexing gains and less about array gain in low geometries.  Complicating the system design by such an additional mode/DCI format therefore does not seem justified.

Proposal
· Support of a transmission mode or DCI format specifically for a single precoded antenna port not needed since spatial multiplexing gains and not precoding gains  are the primary motivation for multi-antenna UEs

Table 1: PUSCH transmission modes

	PUSCH transmission mode
	DCI formats
	Characteristics of transmission schemes

	PUSCH Single Antenna Port
	0
	A single antenna port for demodulation, Rel-8 transmission supported

	PUSCH Dual antenna port
	0
	A single antenna port for demodulation, Rel-8 transmission supported 

	
	New dual antenna port DCI format
	1 or 2 precoded DMRS antenna ports. Number of antenna ports depends on TRI and precoder is given by TRI and PMI, as signaled in DCI format

	PUSCH Quadruple antenna port
	0
	A single DMRS antenna port according to Rel-8

	
	New quadruple antenna port DCI format
	1, 2, 3, or 4 precoded DMRS antenna ports. Number of antenna ports depends on TRI and precoder is given by TRI and PMI, as signaled in DCI format. 


2.2. Transmission Mode Configuration of PUCCH

PUCCH transmission modes are only specified up to two antenna ports as shown in Table 2. For four layer capable UEs, various antenna virtualization techniques can be applied to map the one or two antenna ports to 4 physical Tx antennas. Antenna virtualization is a UE implementation issue and is therefore not standardized.

Proposal
· PUCCH transmission modes according to Table 2
Observation

· Antenna virtualization is an implementation issue and should hence not be specified

Note that in RAN1 #61bis, it was decided to support DFT-S-OFDM on CA PUCCH for the case of more than 4 ACK/NACK bits. It is natural to assume that also that scheme supports transmit diversity up to two antenna ports and is hence included in Table 2. Further details on transmit diversity for DFTS-OFDM on PUCCH are given in [6] .
Table 2: PUCCH transmission modes.

	PUCCH transmission mode for format 1/1a/1b, DFT-S-OFDM
	Characteristics of transmission schemes

	PUCCH Single antenna port
	A single antenna port for demodulation

	PUCCH Dual antenna port
	2 antenna ports for demodulation (SORTD)


Proposal

· PUCCH Single Antenna Port Mode with settings corresponding to Rel-8 is the default mode for PUCCH
2.3. Configuration of SRS

As shown in Table 3, the number of SRS antenna ports can be either 1, 2, or 4 and may be used for assisting the eNodeB in determining which precoder to use for the antenna ports for demodulation. 
Proposal
· RRC configurations for number of SRS antenna ports according to Table 3.

Table 3: RRC configurations for number of SRS antenna ports.
	Number of SRS antenna ports

	off

	1

	2

	

	4

	


It is about time to agree on how to introduce SRS support for multi-antenna operation. A simple way to introduce SRS for multi-antenna operation is to associate several orthogonal SRS resources to the same UE. This is discussed in more detail in [1] . 

Observation

· Agreement needed for how to multiplex up to 4 SRS antenna ports
3. Independent Configuration of Features

The configuration of PUSCH and PUCCH transmission modes as well as SRS should be sufficiently flexible to gather for a wide range of applications and scenarios. To achieve that, the simplest approach appears to be to independently configure the features.  This is a direct and natural extension of the decision in RAN1 #58 of independently configuring PUCCH, PUSCH and/or SRS transmission for the single antenna port mode.
Proposal

· Independent configuration of PUSCH transmission mode (PUSCH Single, Dual, or Quadruple Antenna Port Mode), PUCCH transmission mode (PUCCH Single or Dual Antenna Port Mode), and SRS (1, 2 or 4 antenna ports)

There are several examples of the use of independent configuration. For example, SRS may be used to determine channel properties for the downlink by exploiting reciprocity principles. In this case, the number of SRS antenna ports does not need to equal the maximum number of layers on PUSCH. SRS using a single antenna port can be beneficial from a SRS multiplexing capacity point of view and in high correlation scenarios sounding from 1 antenna port should be sufficient for downlink beamforming. At the same time, some UEs may experience a very high SINR in the uplink creating suitable conditions for spatial multiplexing on PUSCH even without SRS support.  This is facilitated by the fact that for full rank uplink transmission the precoder is fixed to the identity and thus there is no need to choose precoder based on SRS. The number of antenna ports for SRS may thus vary from UE to UE and the connection to the PUSCH configuration is rather loose. 
Configuration of PUCCH can also be independent of PUSCH. For example, the diversity based SORTD is less beneficial for high geometry UEs where transmitting from a single antenna port is enough and hence PUCCH resources can be saved by configuring a single antenna port for PUCCH demodulation.. 

Proposal 7
· Configuration of PUSCH transmission mode, PUCCH transmission mode and SRS is UE specific and carrier specific

4. Nested Multi-Antenna Principle for Support of Features
Different UEs may have different capabilities with respect to the maximum number of antenna ports (or layers) they support. In general, it is useful to obey a nested multi-antenna support principle in the sense that a UE capable of supporting n layers also supports all mandatory configurations for UEs capable of less than n layers. 
It is already clear from past decisions that this is the case for a 2-layer capable UE since the configurations of a single layer capable UE is available to such a UE. A 4-layer capable UE would also need to support the mandatory configurations of a 2-layer capable UE. This hence ensures that a 4 Tx capable UE can use multi-antenna transmission in a network which only supports 2 Tx on the uplink.

Assuming PUSCH Dual Antenna Port Mode, PUCCH Dual Antenna Port Mode, and 2 SRS antenna ports are mandatory for 2-layer capable UEs, the mandatory configurations for each UE capability would according to the nested multi-antenna support principle look like in Table 4.
Proposal 8
· Nested multi-antenna support – a UE capable of n layers also supports all mandatory features for UEs capable of fewer than n layers

· Example given in Table 4
Table 4: Support of configurations grouped into different UE capabilities according to nested multi-antenna support principle.

	Maximum number of PUSCH layers that UE is capable of
	Supported configurations

	1
	PUSCH Single Antenna Port Mode

PUCCH Single Antenna Port Mode

1 SRS antenna port

	2
	PUSCH Single Antenna Port Mode, PUSCH Dual Antenna Port Mode
PUCCH Single Antenna Port Mode, PUCCH Dual Antenna Port Mode

1 SRS antenna port, 2 SRS antenna ports

	4
	PUSCH Single Antenna Port Mode, PUSCH Dual Antenna Port Mode, PUSCH Quadruple Antenna Port Mode
PUCCH Single Antenna Port Mode, PUCCH Dual Antenna Port Mode, PUCCH Quadruple Antenna Port Mode

1 SRS antenna port, 2 SRS antenna ports, 4 SRS antenna ports


5. Conclusions
According to the discussions on transmission modes for PUSCH and PUCCH, as well as configuration of SRS, the following is proposed 
· Three uplink transmission modes for PUSCH are supported – PUSCH Single Antenna Port, PUSCH Dual Antenna Port, and PUSCH Quadruple Antenna Port

· Dynamic fall-back to Rel-8 single antenna transmission scheme using DCI format 0 in all transmission modes

· More details in Table 1.
· PUSCH Single Antenna Port Mode with settings corresponding to Rel-8 is the default mode for PUSCH
· Support of a transmission mode or DCI format specifically for a single precoded antenna port not needed since spatial multiplexing gains and not precoding gains  are the primary motivation for multi-antenna UEs

· PUCCH transmission modes according to Table 2
· PUCCH Single Antenna Port Mode with settings corresponding to Rel-8 is the default mode for PUCCH

· RRC configurations for number of SRS antenna ports according to Table 3.
· Nested multi-antenna support – a UE capable of n layers also supports all mandatory features for UEs capable of fewer than n layers

· Example given in Table 4
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