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1 Introduction

With respect to transmission modes and signaling requirements for UL MIMO, it was agreed in RAN1 #61: 
·  At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple antenna ports:

· Single-antenna port mode.
· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on 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.
In the past RAN1 meetings, design of a DCI format for supporting the multi-antenna port transmission scheme, say DCI format 4, has been discussed. DCI format 4 contains information elements (IE) necessary for scheduling 2 TBs, e.g., 2 MCS, 2 NDI, and PMI, etc. In HARQ operations, although DCI format 4 can also be used for scheduling one initial transmission and one retransmission for the case of one ACK and one NACK in the UL SU-MIMO mode, it may not be so efficient in control channel resource utilization when considering that DCI format 4 would be designed for scheduling 2 TBs and supporting non-adaptive retransmission, resulting to somewhat large payload. In this regard, this contribution considers reusing DCI format 0 for scheduling a new TB which replaces the successfully decoded TB in the previous HARQ transmission for the case of one ACK and one NACK.
2 HARQ operations in UL SU-MIMO

Both adaptive and non-adaptive synchronous HARQ schemes can be applied for PUSCH transmission in LTE with support of only a single codeword transmission. For non-adaptive synchronous HARQ, retransmission is triggered by detection of NACK on PHICH without change of RB allocation and MCS scheduled in a previous transmission. On the other hand, when the UE detects an uplink grant of DCI format 0 on PDCCH, either a new TB transmission or an adaptive retransmission of the previous TB is triggered.
For UL SU-MIMO mode in LTE-A where up to two codewords can be transmitted simultaneously, both adaptive and non-adaptive synchronous HARQ schemes can also be supported as in LTE. Non-adaptive retransmission is triggered by the ACK/NACK information on PHICH without DCI on PDCCH, as in LTE. UE operations for the PHICH-triggered retransmissions are discussed in more detail in a companion contribution [2]. In case of adaptive UL SU-MIMO HARQ, a natural way to trigger a transmission of a new TB is to use DCI format 4 which has the IEs for scheduling 2 TB including 2 MCS, 2 NDI, and PMI, etc., as similar to DL SU-MIMO HARQ with DCI formats 2 and 2A in LTE Rel-8/9.
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Figure 1: Case of one ACK and one NACK in two TB transmissions in UL SU-MIMO

In Figure 1, two codewords are initially transmitted in the multi-antenna port mode and eNB fails in decoding one of them. In this situation, it is assumed that the eNB decides to schedule a new TB replacing the successfully decoded TB in the corresponding empty spatial layer(s), with the TB which was not successfully decoded by sending an uplink grant on PDCCH. As mentioned above, the eNB can simply use DCI format 4 for such an uplink grant. However, at least the MCS and NDI bits for the retransmitted TB in DCI format 4 are unnecessary overhead in cases that there is no need for adaptation for the unsuccessful TB. Considering that PDCCH resource demand would be much higher in LTE-A and could exceed the PDCCH capacity occasionally due to the support of MU-MIMO and carrier aggregation [3], it is desirable to minimize the payload size of the DCI format for only scheduling a new TB in an empty spatial layer occupied by a successfully decoded TB, with non-adaptive retransmission of the unsuccessful TB.
3 Re-using DCI format 0 for SU-MIMO
In order to reduce the PDCCH capacity limitation problem, it is worth considering a compact DCI format, say DCI format 0B, to schedule a new TB replacing the successfully decoded TB and at the same time to implicitly schedule a non-adaptive retransmission for the unsuccessful TB in multi-antenna port mode.
As per the agreements on UL MIMO in RAN1 #61, DCI format 0 for supporting fallback to LTE compatible transmission mode and DCI format 4 for SU-MIMO transmission are likely to be used in multi-antenna port mode which supports transmission of up to 2 TBs. In order to not increase the number of blind decoding further, DCI format 0B should have the same payload size as DCI format 0. Then, at least the following DCI formats for the multi-antenna port modes can be considered in the UL multi-antenna port mode:
a)  DCI format 4 for SU-MIMO transmission,
b)  DCI format 0 for fallback to LTE transmission mode,
c)  DCI format 0B for scheduling a new TB and a non-adaptive retransmission, with the same size as DCI format 0.
Table 1 compares the payload size of DCI format 4 and 0. If we can re-use DCI format 0 for format 0B, about 9 bits can be saved in cases of scheduling a new transmission and a non-adaptive retransmission in SU-MIMO mode.

Table 1: Payload size of DCI format 4 and 0
	Bandwidth (MHz)
	DCI format 4
	DCI format 0

	1.4
	29+ε
	20

	3
	31+ε
	22

	5
	33+ε
	24

	10
	35+ε
	26

	15
	36+ε
	27

	20
	37+ε
	28


Note that a companion contribution [4] discusses DCI format 0A for signaling of non-contiguous RB allocation as a DCI to be decoded in the UL multi-antenna port mode assuming both non-contiguous and contiguous RB allocation are supported in the UL transmission scheme associated with DCI format 0/0A/0B. However, since how to use DCI format 0A is not the main scope of this contribution, in the following section we will focus on DCI format 0B and differentiation between DCI formats 0 and 0B for simplicity of discussions.
4  Operation for DCI format 0B
To re-use DCI format 0 to schedule a new TB in the empty spatial layer occupied by the successfully decoded TB in the previous transmission and a non-adaptive retransmission of the unsuccessful TB in SU-MIMO mode, the UE should operate as shown in Figure 2. When the UE detects a DCI with the size of DCI format 0 on PDCCH in multi-antenna port mode, it should be possible for the UE to differentiate between DCI format 0 and 0B, and then identify which CW was successfully decoded at the eNB among the two codewords in the previous HARQ transmission.
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Figure 2: UE operation for DCI format 0B
In order to support the UE operations shown in Figure 2, necessary control information for DCI format 0B is an IE for differentiating with DCI format 0 and an IE for indicating a replaced TB. Thus, at least two bits need to be re-used in format 0 to support format 0B based scheduling of a new SU-MIMO TB. To have the same size for format 0 and format 0B, these IEs can be supported by reusing some bits in DCI format 0. Which bits to be reused is FFS depending on other decisions. Support of other functionalities such as rank adaptation, PMI adaptation, etc. by format 0B is also FFS. 
5 Conclusions

In this contribution, we discussed re-using DCI format 0 to support scheduling of a new TB in the UL SU-MIMO. A DCI format of the same size as DCI format 0 is used to schedule a new TB in the empty spatial layer occupied by the successfully decoded TB and a non-adaptive retransmission of the unsuccessful TB. As the new DCI format, called format 0B, is of the same size as DCI format 0, it does not increase the number of PDCCH blind decoding and can significantly reduce the PDCCH overhead in cases that adaptation for all two TBs in the UL multi-antenna port mode is not needed. Considering that resource demand for PDCCH would be much higher in LTE-A and could exceed the PDCCH capacity due to the support of MU-MIMO and carrier aggregation, retransmission scheduling using DCI format 0B can be very useful in LTE-A.
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