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1. Introduction

For uplink transmission mode, agreement of RAN1 #61bis is shown as following:
· 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.
Agreement of PUSCH resource allocation at last meeting is also shown as following:
· For single antenna transmission

· A 1-bit flag differentiates between contiguous and non-contiguous RA

· Baseline is that a padding bit is used. 

· DCI format size is same as DCI format 0 

· (without considering other aspects that are independent of contiguous vs. non-contiguous RA, which are considered separately)

· Baseline is no new RRC configured mode for non-contiguous RA; (can revisit if strong justification is identified). 

· For SU-MIMO, the same applies 

· Except for format 0 message size: new SU-MIMO DCI format includes 1-bit flag
And also the blind decoding of last meeting is shown as following:

Uplink MIMO is supported by introducing a transmission mode in the UL with a new DCI format that is only transmitted in the UE specific search space on PDCCH and is not bit aligned to any DCI format.

2. Discussion
2.1. UL transmission mode
According to the conclusion, a straight forward way is to define two transmission modes:

· Mode 1: single antenna port mode, including contiguous resource allocation and non contiguous resource allocation. The corresponding DCI format 0A would differentiate this two resource allocation by using padding bit, and would not change the DCI format size of 0，and the search space design could not increase the maximum numbers of blind decoding.
· Mode 2: multi antenna port mode, according to agreement of blind decoding agenda item, this new DCI format would not use common search space, and increase 16 blind decoding numbers in UE specific search space. 

Firstly looking at downlink transmission modes, there are three different modes: close loop spatial multiplexing, open loop multiplexing and close loop spatial multiplexing with rank =1 precoding, discussion here is based on the above downlink transmission modes, and see whether or not to reuse all these transmission modes:

· Of all the UL MIMO discussion, there was little discussion on open loop spatial multiplexing, so this transmission mode may be ignored.

· For downlink, transmission mode 6, which is close loop spatial multiplexing with rank1 precoding, reduces the number of signaling bits for Resource Allocation by supporting contiguous RA in addition to the limitation to the transmission rank. For uplink, the resource allocation type is agreed to use CQI indexing scheme, so by using type 2 RA has no effect to the reduction of the numbers of signaling bits. On the other hand, for reduction of payload size, since MCS/RV is jointly coded in UL, and there are 6 rank1 codebooks (totally 7 codebooks) for 2Tx, 24 rank1 codebooks (totally 56 codebooks) for 4 Tx, the range of reducing the payload size is relatively small compared to case of DL. 
· Fallback transmission mode: single antenna port with contiguous resource allocation using DCI format 0 similar as Rel-8 could be used as fallback transmission mode. Because RAN1’s agreement is that uplink single antenna port mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration , even for a Rel-10 UE, the only transmission mode eNB could schedule is Rel-8 uplink transmission scheme with DCI format 0 before eNB could aware of the UE transmit antenna configuration.
Considering all bove views, the transmission mode and the corresponding search space is shown as in table 1.
Table 1 search space design for different PUSCH transmission modes
	UE UL transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH 

	Mode 1
	DCI format 0
	Common and UE specific by C-RNTI
	Single-antenna port, contiguous transmission, port 0

	
	DCI format 0A
	Common and UE specific by C-RNTI
	Single-antenna port, non contiguous transmission, port 0

	Mode 2
	DCI format 0
	Common and UE specific by C-RNTI
	Single-antenna port contiguous transmission, port 0

	
	DCI format 4
	UE specific by C-RNTI
	multi-antenna port, spatial multiplexing


2.2. Details of DCI format 0A

· DCI format 0A/1A indication [1 bit]: in order to differentiate the two DCI formats of the same size in UE specific search space, when the size of DCI format 0A is the same as DCI format 1A in UE specific search space.
· Hopping flag [1bit]: Frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation. And this 1 bit could be deleted in case of non contiguous PUSCH transmission
· Resource block allocation
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: CQI RB indexing scheme is used.
· Modulation and coding scheme including redundancy version [5 bit]: used to provide the terminal with information about the modulation scheme, the code rate and the transport block size.

· New data indicator [1 bit]: 1 bit is used to clear the soft buffer for initial transmission.
· CS+OCC of the uplink demodulation reference signal, 3 bits would be used as agreement of the uplink DM RS agenda item.
· Channel status request flag [1 bit]: the network can explicitly request an aperiodic channel status report, for non contiguous resource allocation.
· Uplink index [2 bit]: only present when operating in TDD and is used to signal for which uplink subframe the grant is valid.
· DAI for TDD [0 for FDD, 2 for TDD], present only for TDD operation with uplink downlink configuration 1-6.
· Padding bit: 1 bit is used to differentiate DCI format 0 and DCI format 0A.

· SRS request for aperiodic SRS: since the main intention of introducing aperiodic SRS triggering is to support uplink MIMO, aperiodic SRS triggering may not be necessary in single antenna port mode.
2.3. Details of DCI format 4
A new DCI format independent with all DCI format should be defined as the agreement of last meeting, the details of this DCI format is analyzed as below:

· Differentiation bit: 1 bit is used to differentiate contiguous and non contiguous PUSCH resource allocation.
· Hopping flag [1 bit]: Frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation. And this 1 bit could be deleted when non contiguous PUSCH transmission. 
· Resource block allocation
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: CQI RB indexing scheme is used for PUSCH non contiguous transmission and type 2 RA for PUSCH contiguous transmission
· Modulation and coding scheme including redundancy version for transport block 1[5 bit]: used to provide the terminal with information about the modulation scheme, the code rate and the transport block size.

· New data indicator for transport block 1: 1 bit is used to clear the soft buffer for initial transmission.

· Modulation and coding scheme including redundancy version for transport block 1 [5 bit]: used to provide the terminal with information about the modulation scheme, the code rate and the transport block size.

· New data indicator for transport block 2:  as agreed in RAN1 #60, 2 NDIs (one NDI per TB) are required in the DCI format, so 1 bit is used to clear the soft buffer for initial transmission.

· Precoding information: 3 bits for 2 transmit antennas, and 6 bits for 4 transmit antennas.
· Rank indicator information: 1 bit for 2 transmit antennas, and 2 bits for 4 transmit antennas.
· CS+OCC of the uplink demodulation reference signal, 3 bits would be used as agreement of the uplink DM RS agenda item.

· Hybrid ARQ swap flag, indicating whether the two codewords should be swapped prior to being fed to the hybrid ARQ processes. Used for averaging the channel quality between the codewords.
· Channel status request flag: the network can explicitly request an aperiodic channel status report, in Rel-8, If
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, the “CQI request” bit in DCI format 0 is set to 1 and
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, then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE, and for CQI request scheme of uplink MIMO needs FFS.
· Uplink index [ 2bit]: only present when operating in TDD and is used to signal for which uplink subframe the grant is valid.
· Transmit power control for PUSCH: it depends on the discussion of multiple antenna power control.
· Aperiodic SRS triggering: at least 1 bit needed to support aperiodic SRS triggering in UL grant. Further details depends on the discussion of SRS configuration for multiple antennas.
Another issue should be considered is that the disabling of the transport block, e.g rank 1 transmission. In Rel-8 downlink transmission, a transport block is disabled if 
[image: image5.wmf]0

MCS

=

I

 and if rvidx = 1 otherwise the transport block is enabled. Since in uplink, MCS and RV are jointly encoded, new schemes have to be defined. since IMCS=29~31 are defined specially for retransmission, the toggled NDI (means new TB to be transmitted) and IMCS=29~31 in the same UL grant should not exist for normal transmission. Thus, toggled NDI together with IMCS =29~31 can be used for TB disabling. The error case the eNB detection may happen should be further discussed in case of this method.
3. Conclusion
Uplink transmission mode and the corresponding DCI format and search space are discussed in this contribution, and also the details of each DCI format are shown, in conclusion, we have the following proposals:

1. Only two transmission modes are defined for uplink transmission, one is single antenna port mode, the other is multi antenna port mode with close loop spatial multiplexing.
2. DCI format 0A is defined for single antenna port transmission mode, and it has the same size with DCI format 0.

3. Independent with downlink DCI format, DCI format 4 is defined for multiple antenna port transmission mode, and it only exist in UE specific search space.

4. At least 1 bit needed for aperiodic SRS triggering in DCI format 4.

5. Toggled NDI together with IMCS =29~31 could be used for TB disabling. 
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