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1
Introduction

This contribution considers the new requirements that uplink SU-MIMO sets on PUSCH resource allocation (RA) signaling. During LTE-Advanced SI, uplink SU-MIMO related signalling requirements were considered in several contributions, including [1]-[4]. These discussions need to be continued in LTE-Advanced WI. In the following, impact of precoding and dynamic rank adaptation, multiple transport blocks and potential bundling of related ACK/NACK bits, and necessary indication of multiple DM RS resources on PDCCH signaling requirements are addressed for both 2 Tx and 4 Tx antenna cases.     
2 SU-MIMO signaling requirements
In the uplink SU-MIMO 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 [1]. 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 signaling needs for PUSCH resource allocation can be identified: 
· Modulation and coding scheme (MCS) as well as 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
Transport block size can be calculated based on MCS, transmission rank, and number of assigned resource blocks. Thus, no additional signalling is needed for TBS. It is agreed that MCS is signalled for each transport block. 5 bits are used in Rel’8 for signalling MCS. Alternatively, differential MCS may be used with SU-MIMO which likely requires 2-3 bits depending on the use of layer shifting. 

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.
When separate ACK/NACKs are signalled for the spatially multiplexed TBs, it makes sense to introduce second NDI and RV on the PUSCH RA signalling. When RV is jointly encoded with MCS, 5 bits are still enough for normal MCS. In the case of 3 bit differential MCS, 4 bits are likely needed for joint MCS-RV signaling field.  In the case of spatial ACK/NACK bundling, NDI and RV included already to  Rel’8 PUSCH RA signaling are sufficient. Thus, introduction of spatial ACK/NACK bundling together with layer shifting provides a DCI payload saving that is 3 bits or less. 
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 efficient MU-MIMO pairing also with SU-MIMO UEs. However, we do not see any need to increase the number of cyclic shifts signalled on PDCCH as discussed also in [5]. The necessary cyclic shifts can be derived from  single dynamically signalled cyclic shift index based on rank indicator and cyclic shift offset. Cyclic shift offset can be configured by higher layer signaling. Thus, a concrete saving on the DCI payload can be achieved without limiting channel estimation accuracy or MU-MIMO pairing flexibility in any practical sense. 
Use of orthogonal cover code (OCC) is considered as complementary DM RS multiplexing scheme for LTE-Advanced UL. OCC resource should also be configured dynamically as semi-static (RRC) OCC configuration creates unnecessary and very unattractive restrictions for MU-MIMO pairing. To save DCI payload, we see that  OCC index can be directly mapped from the allocated cyclic shift indexes as discussed in [7]. In fact we see that orthogonality between allocated DM RS resources can be optimised for both SU-MIMO and MU-MIMO by linking OCC index to the dynamic cyclic shift index. It is proposed in [5],[6] that OCC is semi-statically linked to spatial layer. However, in that case OCC cannot be reasonably utilised in MU-MIMO pairing which we see important for OCC. An exemplary mapping between OCC and dynamically signalled cyclic shift index is shown in Table 1. DM RS orthogonality is maximised for different number of DM RS resources with following CS/OCC combinations:    
· Two DM RS resources: Cyclic shift indexes {2, 8} or {4, 10}
· Three DM RS resources: Cyclic shift indexes {0,4,8} or {2,6,10} 
· Four DM RS resources: Cyclic shift indexes {0,3,6,9}.
It is noted that DM RS orthogonality with mapping given in Table 1 is improved also for higher DM RS multiplexing orders, although the CS/OCC combinations do not fully optimise DM RS orthogonality.
Table 1. Linkage between OCC and dynamically signalled cyclic shift index
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	000
	0
	[+1 +1]

	001
	6
	[+1 +1]

	010
	3
	[+1 -1]

	011
	4
	[+1 +1]

	100
	2
	[+1 +1]

	101
	8
	[+1 -1]

	110
	10
	[+1 -1]

	111
	9
	[+1 -1]


In short, we do not see any reason to introduce additional PDCCH signaling on top of Rel’8 PUSCH DM RS resource allocation as no concrete performance benefits can be achieved with explicit signaling. Thus we propose: 
Proposal: Cyclic shift and OCC indexes for multiple DM RS configurations are derived from cyclic shift index signalled on PDCCH  using cyclic shift offset signalled via higher layers
New signalling requirements for SU-MIMO PUSCH resource allocation discussed above are summarized in Table 2. It can be noted that SU-MIMO spatial multiplexing mode requires around 5 – 9 bit DCI payload increase for 2 Tx antenna case and around 8 – 12 bit increase for 4 Tx antenna case. Exact payload increase depends whether spatial ACK/NACK bundling will be used or not as well as future decisions on the MCS signaling. In any case, there is 3-bit payload difference between 2 Tx and 4 Tx antenna cases due to different codebook sizes. We see that the 3-bit difference in the DCI payload is sufficient to justify separate DCI size options for 2-Tx and 4-Tx antenna cases. 
Proposal: Specify separate DCI size options for 2-Tx and 4-Tx antenna cases (for spatial multiplexing mode).
Table 2. New signalling requirements for SU-MIMO PUSCH resource allocation.
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PMI-RI 3 3 6 6

MCS-RV  4 - 5  2 - 5  4 - 5  2 - 5

NDI 1  -  1  - 

DM RS  -   -  -   -

Total  8 - 9  5 - 8  11 - 12  8 - 11

2 Tx antennas 4 Tx antennas


4
Summary 

In this contribution we considered UL SU-MIMO spatial multiplexing signaling requirements on PUSCH resource allocation. Due to precoding, rank, MCS, and potential new data and redundancy version information necessary for SU-MIMO transmission, we concluded that DCI payload need to be increased at least 5 bits for 2 Tx antenna case and at least 8 bits for 4 Tx antenna case. We concluded also that multiple DM RS resources necessary for SU-MIMO can be defined with existing Rel’8 PDCCH signaling. There is no reason to increase PDCCH signaling as no concrete performance benefits can be achieved with explicit signaling of multiple DM RS resources.
We also propose following in order to proceed with PUSCH RA signaling:

1. Cyclic shift and OCC indexes for multiple DM RS configurations are derived from cyclic shift index signalled on PDCCH  using cyclic shift offset signalled via higher layers
2. Specify separate DCI size options for 2-Tx and 4-Tx antenna cases (for spatial multiplexing mode).
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