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1
Introduction

Spatial multiplexing per UE is supported in LTE-Advanced also in the uplink direction. Single Antenna Port Mode was agreed in RAN1#58 meeting as the default operation mode for UEs with multiple transmit antennas.  Signalling requirements for uplink SU-MIMO were briefly addressed in RAN1#60 meeting [1]-[4]. In this contribution, we continue the discussion and consider the required transmission modes as well as content of related DCI format.

2 SU-MIMO Transmission Modes on PUSCH
Based on [5], it is apparent that at least two PUSCH transmission modes are needed – Single Antenna Port Mode and Spatial Multiplexing Mode – for any reasonable operation of UL SU-MIMO. We see that 
· Single Antenna Port Mode is the default transmission mode to be in line with RAN1#58 agreements. 
· Single Antenna Port Mode is equal to LTE-Advanced uplink transmission mode(s) defined for 1-Tx antenna UEs, as there is no reason to differentiate these modes. 

· Spatial Multiplexing (SM) Mode can be configured with RRC signalling when eNB is aware of the UE Tx-antenna configuration.
These two transmission modes provide sufficient baseline support for UL SU-MIMO. Thus, introduction of additional SU-MIMO transmission mode needs to be considered against the increase in specification complexity and, thus, provide concrete benefits. 
When considering the number of UL DCI formats within UE specific search space, special attention needs to be paid to the blind decoding burden. In our view, maintaining of existing blind decoding burden per component carrier and allowing for independent setting of UL and DL transmission modes appear as an attractive approach [6]. Thus, the simplest solution for SM Mode is to have single UL DCI format (i.e. UL SM DCI format) in addition to DL related DCI format in UE search space and to allow for transmission of Rel-8 -type of DCI format 0/1A in common search space. This arrangement maintains the existing blind decoding burden per CC, allows for independent setting of UL and DL transmission modes, and provides dynamic fallback to Rel-8 DCI signalling when needed. This is illustrated in Table 1. Disadvantage of this design is that UL SM DCI format (denoted as DCI format 0’ in the tables) is constantly used in Spatial Multiplexing Mode and, thus, the payload size is not necessarily optimized in all situations (DCI format 0/1A in common search space should  be used only as fall-back). 
Table 1 UL SU-MIMO transmission modes and DCI formats with no increase in PDCCH blind decoding
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Thus, we acknowledge that considerable potential benefits, e.g., in savings of PDCCH payload can be achieved with UL SM Mode by allowing for 2 different UL DCI formats within UE specific search space. Example of such design, resulting in increase of PDCCH blind decoding burden per-CC compared to Rel’8 level, is shown in Table 2. As the comparison of these designs depends heavily on the other PDCCH design agreements, we propose that the number of UL DCI formats within UE specific search space in UL Spatial Multiplexing Mode is left currently open.
Table 2. UL SU-MIMO transmission modes and DCI formats with increased blind decoding burden
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3 Content of UL Spatial Multiplexing DCI Format

In this section, we consider the information content of UL DCI format used in UL Spatial Multiplexing Transmission Mode. In the Spatial Multiplexing Mode, two transport blocks (TB) are mapped on dynamically changing number of layers, which are further precoded on 2 or 4 Tx antennas [5]. ACK/NACK bits for the TBs may be separate or spatially bundled. Multiple demodulation reference signals (DM RS) need also be allocated for each SU-MIMO UE. Thus, following new signalling requirements for PUSCH resource allocation can be identified for baseline solution: 
· Modulation and coding scheme (MCS) and transport block size (TBS) for the second transport block

· Precoding matrix index (PMI) and rank index (RI)

· New data indicator (NDI) and redundancy version (RV) for the second transport block in the case that ACK/NACK bits are not bundled. 
· Additional DM RS resources for SU-MIMO transmissions with rank over 1
No additional signalling is needed for TBS as it can be calculated based on MCS, transmission rank, and number of assigned resource blocks. It is agreed that MCS is signalled for each transport block. In Rel’8, 5 bits are used for signalling MCS. Alternatively, differential MCS may be used for the second TB.   

When separate ACK/NACKs are signalled for the spatially multiplexed TBs, NDI and RV are needed for the both TBs. As in Rel’8 UL, RV can be jointly encoded with MCS. Resulting MCS-RV field requires 5 bits with normal MCS signalling and likely 4 bits are needed with differential MCS signalling.
During LTE-Advanced SI, it was agreed that precoding codebook size is less than or equal to 8 or 64 for 2 Tx or 4 Tx antennas, respectively. In other words, 3 or 6 bits are needed for joint signalling of PMI and RI.

As DM RS is also precoded
, the number of DM RS resources needed in the SU-MIMO transmission is given by the transmission rank. Since the cyclic shift is agreed to be the primary multiplexing scheme for DM RS, 1 – 4 cyclic shifts need to be allocated for SU-MIMO UE. DM RS allocation should remain dynamic as it is in Rel’8 to allow for efficient MU-MIMO pairing also with SU-MIMO UEs. However, we do not see any need to increase the number of cyclic shift indexes signalled on PDCCH as the necessary cyclic shifts can be derived from single dynamically signalled cyclic shift index based on rank indicator and cyclic shift offset. Use of orthogonal cover code (OCC) is considered as complementary DM RS multiplexing scheme for LTE-Advanced, but we see that the used OCC can be derived from DM RS cyclic shift allocations and, thus, do not require additional signalling [8].
On other potential DCI content, such as swap flag and antenna / layer specific TPC fields, we see that they need to be justified with concrete benefits. Content of UL Spatial Multiplexing DCI format is summarized in Table 2, in which the differences to 1-Tx UL DCI format are highlighted. Naturally, the contents may be affected by the outcome of HARQ bundling discussions. It can be noted that there is a 3-bit difference in DCI payload between 2-Tx and 4-Tx antenna cases which we see sufficient to specify separate DCI size options for 2-Tx and 4-Tx antenna cases.

Table 3. Content of UL Spatial Multiplexing DCI format.
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 MCS + RV / TB 1 5 5

 NDI / TB 1 1 1

 MCS + RV / TB 2   4 - 5   4 - 5 

 NDI / TB 2 1 1

 PMI + RI 3 6

 TPC 2 2

 DM RS 3 3
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 SRS trigger 1 1

 CIF 0 or 3 0 or 3

 CRC 16 16
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4
Summary 

In this contribution we considered transmission modes as well as content of related DCI format required for UL SU-MIMO.  On transmission modes, we propose following:
Proposal 1: 
Two transmission modes - Single Antenna Port Mode and Spatial Multiplexing Mode – are defined as baseline for UL SU-MIMO

Proposal 2:  
Single Antenna Port Mode is equal to LTE-Advanced uplink transmission mode(s) defined for 1-Tx antenna UEs

Proposal 3: 
Number of UL DCI formats in UE specific search space in Spatial Multiplexing Mode requires further study.  
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