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1. Introduction
Uplink spatial multiplexing with multi-codeword transmission was introduced in LTE-A for higher spectral efficiency. In RAN1#58 meeting, Single port mode was agreed to be the default operation mode for uplink transmission [1]. In addition, non-contiguous data transmission with multiple clusters was also supported from the previous discussions. Considering these new features for UL MIMO in LTE-A, we analyze the signaling of UL MIMO transmission in the following discussion based on the current signaling format.
2. Discussion
2.1. UL transmission mode in LTE-A
In LTE R8, only single antenna transmission with contiguous  RA and corresponding DCI format 0 is supported for uplink transmission. In LTE-A , at least following two modes should be supported with non-contiguous  resource allocation(RA) in both modes.:
· Single port transmission for multiple antennae.
· Multiple ports transmission with up to two CWs and four layers spatial multiplexing.

We think it is not needed to introduce separate mode similar to mode 6 in R8 downlink to support single CW transmission individually. It can be well supported by multiple ports mode and additional BDs will be a big problem.
To support non-contiguous RA, a new DCI format so-called format 0A should be defined for single port transmission. Similarly, there should be another format to support multi-CW transmission with PMI indication, so-called format 0B. Obviously, additional 16 BDs are needed for UL MIMO transmission in LTE-A. If format 0A reuses the size of format 0, either format 0 or 0A can be the fall-back mode of multiple ports transmission; Otherwise, only format 0 can be considered to avoid additional BDs. Considering non-contiguous RA is helpless for fall-back mode and uncertain size of format 0A, format 0 is perferred for the fall-back mode.
Therefore, we suggest that the following transmission modes should be supported in LTE-A uplink transmission by RRC signaling similar to downlink transmission in R8:
Table 1: PDCCH and PUSCH configured by C-RNTI 

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Uplink Mode 1
(Single port mode)
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous RA

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

	Uplink Mode 2

(Multiple ports mode)
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous RA

	
	DCI format 0B
	UE specific by C-RNTI
	Spatial multiplexing with 1-2/4 layers precoding


2.2. DCI format for non-contiguous RA in single port mode (format 0A)
To support the multi-cluster transmission in PUSCH, the current format 0 should be extended. Two options can be considered for the design of format 0A.
Option1: Reuse the size of format 0

From the view of blind decodings, it is beneficial for format 0A to reuse the size of format 0 with one additional flag bit. In contributions [2][3], two methods are mentioned for this opiton. 
· Method1: FH bit is reused to support two clusters[2]
For a UE, Rel-8 type 2 RA is adopted for each cluster and up to two clusters can be supported by exploiting the FH bit to extend the RA field. The sizes of two cluster spans are same. The RBGs in one span are indexed in the increasing frequency order starting at the lowest frequency, while the other in the decreasing frequency order starting at the highest frequency. Other fields except FH bit in Rel-8 DCI format 0 are inherited.
· Method2: Choosing 4 RBGs out of N and up to two clusters are supported [3].
The resource allocation granularity is RBG and the total number of RBGs in UL is denoted as N. A cluster can be defined by two RBGs indicating the cluster starting and ending frequency location, respectively. In order to indicate two clusters, the required number of resource allocation bits is
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Both methods have the drawback of scheduling restriction. RA will be restricted by the resource allocation granularity and each cluster span only covers part of the bandwidth. Furthermore, the number of supported clusters is limited to two. For method2, a complicated mapping rule should be defined, which will introduce the corresponding specification effort. 
Option2: Introduce a new DCI size
In Rel-8, RA type 0/1 in DL, which allows full scheduling flexibility and multiple numbers of clusters, can support both contiguous and non-contiguous resource allocation. Therefore, it is straightforward to adopt RA type 0/1 for non-contiguous PUSCH RA in LTE-A. Considering the required number of RA bits for RA type 0/1 is more than RA type 2 with the same system bandwidth, a new DCI size is needed if RA type 0/1 is introduced for non-contiguous RA. Thus, the RA granularity can be PRB, and there will be no limitation to the number of supported clusters, which allows full scheduling flexibility. Though 16 more PDCCH BDs are required for UL mode1, the total BDs are still not more than that of UL mode2.
Thus, we think this option is better than option1 for flexible resource allocation. The proposed extended bits are listed in Table 2 as follows:
Table 2: The extended bits of format 0A compared to format 0 with a new size
	Hopping flag bit (RA type indicator
	1
	RA Type0/1

	Resource block assignment
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	RA indication bits

	Aperiodic SRS request(FFS)
	1
	Activation for aperiodic SRS 


2.3. DCI format for UL MIMO(format 0B)

In contributions [5][7], it is suggested that the DCI format for UL MIMO can be multiplexed with DL formats to avoid additional BDs. It is pity that this scheme will result in scheduling restriction in transmission mode to keep same DCI size between UL and DL transmission. Furthermore, serveral new DCI formats should be defined in specification, and additional flag bit should be added to current DL formats. In practice, it is not worthy and feasible just for saving of 16BDs. Instead, introducing a new format is a more reasonable option.
To support UL MIMO with multi-codewords, precoding and non-contiguous RA, the following aspects should be considered to extend DCI format 0:

· RA bits: To support both contiguous and non-contiguous RA, RA type 0/1 should be introduced.

· MCS bits: The MCS indication of CW 2 should be supported.
· NDI bit: New NDI bit is needed for transmission of 2rd CW.

· FH bit: It was agreed that FH is not needed for non-contiguous PUSCH transmission.

· Precoding Information bits: Similar to DL formats, different PMI indication bits are needed for differernt numbers of antenna ports(2/4 ports).

· CW to TB swap bit: Similar to DL formats, it is defined for multi-codewords transmission.
· DAI bits: FFS. More bits are needed for UL MIMO transmission.
· SRS request for aperiodic SRS: If aperiodic SRS is triggered by PDCCH, at least one bit is needed.
· CS indication bits: The signaling for CS index should be redefined for OCC and slot hopping.
Considering above IEs, the information bits of DCI format 0B can be defined as follows:
Table 3: The proposed information fields of format 0B 
	Information Fields
	Bits number
	Comment

	Resource allocation

type indicator
	1
	RA type0/1

	Resource block assignment
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	RA indication for type 0/1

	MSC level
	10
	MCS for CW 1 and CW 2

	New data indicator
	2
	NDI for CW1 and CW 2

	TPC command for PUSCH
	2
	Transmit power control bits

	Cyclic shift for DM RS
	3
	The DMRS pattern with OCC

	UL index
	2
	UL index for TDD config.0

	Downlink Assignment Index 
	FFS
	DAI bits

	Transport block to codeword swap flag 
	1
	TB to CW Swap Flag

	Precoding information
	3/6
	3 bits for 2 ports; 
6 bits for 4 ports.

	CQI request
	1
	Request for aperiodic CQI

	SRS request
	1
	Aperiodic SRS activation


3. Conclusions
In this contribution, we discuss the design of UL transmission modes and corresponding DCI formats. At least two new transmission modes as well as two new DCI formats should be introduced in LTE-A to support LTE-A UL transmission. Compared to multiplexing with current UL/DL formats, it is more feasible for the new formats to define new sizes. The design details are highly correlated to other issues, such as CA discussion, PUSCH design, SRS enhancements and DMRS design.
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