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1. Introduction

At the RAN1#61 meeting in Montreal, the UL transmission modes for Rel. 10 LTE were discussed and the following points were agreed upon [1]. 

· At least two new Rel. 10 UE-specific RRC-configured transmission modes are specified for the PUSCH of a UE with multiple amplifiers (APs): 

· Single-antenna port mode

· Multi-antenna port mode supporting up to two transport blocks (TBs) (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 the PUSCH, dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same downlink control information (DCI) format for all RRC configured modes is specified.  

In this contribution, we discuss the open issues regarding the UL transmission modes and control signaling, i.e., DCI format, to support UL MIMO in Rel. 10.
2.  Views on UL Transmission Modes and Control Signaling for UL MIMO 

In the contribution, we focus on the multi-antenna port mode, not on the single antenna port mode. In our understanding, roughly classified, there are three proposals regarding the UL transmission modes and the DCI format supported in each UL transmission mode as shown in Table I [2]-[11].  Here, DCI formats 0A, 0B, 0C and 0D are defined as follows, although the details are FFS. 

· DCI format 0A:Single-antenna port transmission with non-contiguous resource allocation (RA) 

· DCI format 0B: Multi-antenna port transmission with up to 2 TBs

· DCI format 0C: Multi-antenna port transmission with 1 TB (or single-layer multi-antenna port transmission)

· DCI format 0D: Open-loop MIMO transmission
Table I – Classification of Multi-antenna Port Mode(s)
(a) Alternative 1: One multi-antenna port mode with two DCI formats
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(b) Alternative 2: One multi-antenna port mode with three DCI formats
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(c) Alternative 3: Two multi-antenna port modes with two DCI formats in each mode 
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We present our views regarding the selection of the most appropriate alternative. 
· Regarding the open-loop MIMO transmission [3], since the transmission scheme itself has not been discussed yet, we consider that it is too late to start the discussion of open-loop MIMO spatial multiplexing. Since the finalization of Rel. 10 specification is close at hand, we should defer the discussion of this topic to a later release if necessary.
· Since Alt. 1 seems to be the most straightforward scheme to support UL SU-MIMO, Alt. 1 should be the baseline for further discussion. 
· Then, the necessity of DCI format 0C should be discussed after clarifying the difference between DCI format 0C and DCI format 0B  (DCI format 0). 
Here, since single-layer multi-antenna transmission can also be supported with DCI format 0B, the additional benefit to introduce DCI format 0C is to reduce the PDCCH payload. This may be beneficial especially in case of UL MU-MIMO. In the case of the Rel. 8 LTE DL, transmission mode 6, i.e., DCI format 1B, yields great benefit compared to transmission mode 4, i.e., DCI format 4, at least from the viewpoint of the payload size. This is because transmission mode 6 reduces the number of signaling bits for RA by only supporting contiguous RA in addition to the limitation to the transmission rank. On the other hand, we need to carefully investigate the benefit of introducing DCI format 0C since the effect of reducing payload size compared to DCI format 0B may not be so great compared to DL, although the detail of DCI format 0C fields is not clear at this stage. The possible reasons are as follows:

· There is a possibility that the effect to reduce the control signaling bits of RA is not obtained in the UL, although it depends on the discussion of the non-contiguous RA agenda. 
· The effect of reducing the payload size related to the second TB is relatively small compared to that in the DL since MCS/RV is jointly encoded in the UL. 
· The effect of reducing the payload size in the PMI/RI field is also smaller since 6 and 24 rank-1 PMIs exist for 2 Tx and 4 Tx in the UL codebook and these numbers are larger than those for the DL codebook.

It is noted that we are open and consider that it depends on the discussion of the non-contiguous RA.
· If DCI format 0C is agreed to be supported, we should discuss how to support DCI format 0C by comparing Alt. 2 and Alt. 3. 
Advantage of Alt. 2 compared to Alt. 3 is that multi-antenna port transmission with compact DCI format 0C and DCI format 0B can be supported dynamically without increasing the number of blind decoding. On the other hand, advantage of Alt. 3 is that DCI format 0 can be used not only in the common search space but also in the UE-specific search space. 

Here, since DCI format 1A and DCI format 0 are discriminated via a 1-bit differentiation flag in Rel-8/9 LTE, we pay attention to DCI format 1A. DCI format 0 can be used only in the common search space in Alt. 2, there is the possibility that DCI format 1A for downlink transmission can also be used in the common search space. We consider that DCI format 1A should be available in the UE-specific search space as well as in the common search space. This is because DCI format 1A is used in various cases. We acknowledge that in the case of Alt. 2, DCI format 1A can be transmitted in the UE-specific search space by padding dummy bits so that the payload size of DCI format 1A is same as that for DCI format 0C (or 0A). Since the allowance of different payload sizes for DCI format 1A between the UE-specific and common search spaces was agreed upon when the CIF is configured in the carrier aggregation discussion, it may not be a serious problem. 
However, we should reduce the number of cases that the common search space must be used since it is used for the transmission of important control signaling such as the dynamic broadcast channel (DBCH), paging channel (PCH), and transmit power control (TPC). Therefore, we consider that it is better to keep the payload size of DCI format 1A the same between the common and the UE-specific search spaces when the CIF is not configured so that DCI format 1A can also be used in the UE-specific search space during the ambiguity period just after reconfiguring the transmission mode. Furthermore, it is more desirable to keep the payload size of DCI format 1A as small as possible. 
Accordingly, if DCI format 1A must be transmitted with a different DCI size between the common search space and the UE-specific search space in Alt. 2, we are slightly negative to Alt. 2. 
3. Conclusions

This contribution presented our current views regarding the UL transmission mode and control signaling to support UL MIMO in Rel. 10 LTE. Our views are summarized below. 

· We should not discuss the necessity of open-loop MIMO in Rel. 10 considering the very limited time frame before finalization of Rel-10.

· Alt. 1 in Table I should be the baseline for further discussion since Alt. 1 seems the most straightforward scheme to support UL SU-MIMO. 

· Then, the necessity of DCI format 0C should be discussed after clarifying the difference between DCI format 0C and DCI format 0B (DCI format 0).

· We need to carefully investigate the benefit of introducing the single-layer multi-antenna transmission mode. The effect of reducing the payload size by introducing DCI format 0C may not be so great compared to the DL case. 
· If support of DCI format 0C is agreed upon, we should discuss how to support DCI format 0C by comparing Alt. 2 and Alt. 3. 

· If DCI format 1A has to be transmitted with different DCI size between the common and the UE-specific search spaces in Alt. 2, we are slightly negative to Alt. 2.
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