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1. Introduction

In the last meeting, it was agreed that
· 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.  

In this contribution, we present our considerations on transmission modes and signalling requirements for uplink multiple antenna transmission based on the above agreement.
2. Uplink transmission mode in LTE-A
In Rel-8/9, only single antenna port transmission is defined for uplink transmission with DCI format 0 used for uplink grant. In LTE-A, low geometry UE may only supports contiguous PUSCH resource allocation, meanwhile, considering compatibility with legacy UE, it is natural to make single antenna port transmission with contiguous PUSCH resource allocation as default UL transmission mode in LTE-A, which is the necessary transmission mode during UE initial access to networks.
In LTE-A, uplink multiple antenna transmission is adopted. More downlink control information bits are required to uplink multiple antenna port transmissions, then at least one more new DCI format should be designed to support multiple antenna ports transmission in LTE-A. This new DCI format supports UL SU-MIMO including the information of codewords, aperiodic SRS triggering etc. Regarding uplink spatial multiplexing, we can design new transmission modes as follows:
· Single port mode
· This mode is used for single port mode transmission with single transport block which similar to Rel-8/9 but non-contiguous PUSCH resource allocation is also supported.
· Multiple port mode

· This mode shall be used for multiple port transmission to open-loop spatial multiplexing and/or closed-loop spatial multiplexing SU-MIMO. 
The decision whether or not to introduce a third RRC configured multi antenna transmission mode should be based on the evaluation of the tradeoff between the saving of PDCCH overhead and the complication of the standard.
3. DCI Format of Uplink transmission mode in LTE-A
In Rel-8/9, DCI formats 0, 1A, 3 and 3A have the same payload size. If the number of information bits in DCI format 0 is less than that of DCI format 1A (including any padding bits appended to format 1A), zeros shall be appended to DCI format 0 until the payload size equals that of DCI format 1A, as shown in Table 1.
Table 1. payload size of DCI format 0/1A (bits)
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Flag for format0/format 1A  1 1 1 1 Flag for format0/format 1A  1 1 1 1

Hopping flag 1 1 1 1 Localized/Distributed VRB flag 1 1 1 1

RA 9 11 12 13 RA 9 11 12 13

MCS 5 5 5 5 MCS 5 5 5 5

NAI 1 1 1 1 HARQ number 3 3 3 3

TPC for PUSCH 2 2 2 2 NDI 1 1 1 1

CS for DM RS 3 3 3 3 RV 2 2 2 2

CQI request 1 1 1 1 TPC for PUCCH 2 2 2 2

CRC 16 16 16 16 CRC 16 16 16 16

payload 39 41 42 43 payload 40 42 43 44

zeros appended x x x x zeros appended 1 0 0 1

DCI format 0 size 39+x 41+x 42+x 43+x DCI format 1A size 41 42 43 45

Format 0 (FDD) Format 1A (FDD)


If the bandwidth of uplink carrier is smaller than or equal to corresponding downlink carrier, one or two padding bit (s) can be used in current DCI format 0 but no spare padding bit can be used for the contrary case. As a consequence of aperiodic SRS triggering agreed in RAN1#60bis, UL grant should accommodate SRS activation bits(s) and the exact number of required bits is pending. In addition, if DCI format of non-contiguous resource allocation should have the same payload size as DCI format 0 to avoid extra blind decoding operations, one bit in DCI format 0 may be needed to indicate contiguous or non-contiguous resource allocation according to current proposed resource allocation schemes. Basically, there are two ways to achieve these requirements on control signalling design for this mode.
Option one. 
· Single port mode
Reuse Rel-8/9 DCI format 0: to support the new features already agreed,, i.e. non-contiguous PUSCH transmission and/or aperiodic SRS triggering, some extra bits are required which can be achieved by re-defining some Rel-8 field, e.g. FH bit and/or using padding bits in R8/9 DCI format 0, that is to say DCI format 0 need to accommodate the additional bit between non-contiguous and contiguous resource allocation and/or the SRS activation bit(s). However, whether there are sufficient spare/padding bits in DCI format 0 or not depends on the related UL non-contiguous PUSCH transmission and aperiodic SRS triggering discussions. If it is feasible, this single port uplink transmission mode can be defined as shown in Table 2. 
Table 2. Single port uplink transmission mode

	Uplink

Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH

	Single port 
 
	DCI format 0

(The same payload size as DCI format 1A)
	Common and

UE specific by C-RNTI
	Single-antenna port 
contiguous or non-contiguous PUSCH resource allocation 


· Multiple port mode
Considering current uplink multiple-port codebook design, open-loop spatial multiplexing and closed-loop spatial multiplexing can be combined to one transmission mode using different codebook index to distinguish from each other. New multiple port mode should include at least one new DCI format 0B as shown in Table 3. The payload size of DCI format 0B could align to one DCI format in R8/9 downlink transmission to avoid blind decoding increased or not to getting more flexible design. For multiple port mode, the DCI format 0 can be used during switching between transmission modes.  
Table 3. Multiple port uplink transmission mode
	Uplink

Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH

	Multiple port 

 
	DCI format 0

(The same payload size as DCI format 1A)
	Common and

UE specific by C-RNTI
	Single-antenna port contiguous or non-contiguous PUSCH resource allocation

	
	DCI format 0B
 
	UE specific by C-RNTI
	Multi-antenna port  
contiguous PUSCH resource allocation (FFS: non-contiguous PUSCH resource allocation)


Pros: Good compatibility and simple.
Cons: Some scheduling restriction. If re-definition of some field is needed due to no sufficient padding bits, some feature cannot be supported during transmission mode switching, e.g. if FH bit is reused, option one can not provide the frequency hopping function.
Option two
· Single port mode
In order to support new features of LTE-A uplink transmission with more flexibility, it make sense to introduce a new DCI format 0A, whose payload size is larger than DCI format 1A, to signal uplink contiguous and non-contiguous resource allocation in single port uplink transmission mode as well as aperiodic SRS transmission. In order not to increase the blind decoding number compared to Rel-8/9, the new DCI format 0A introduced has the same size as some new DCI format introduced(support downlink signalling request for aperiodic SRS, etc) for downlink transmission correspondingly, i.e. DCI format 1E and DCI format 0A shall have the same payload size. As shown in Table 4, LTE-A UE decode DCI format 0A and 1E instead of DCI format 0 and 1A in the UE specific search space, and decode DCI format 0 and 1A in the common search space in LTE-A cells.
Table 4. Single port uplink transmission mode
	Uplink

Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH

	Single port 
	DCI format 0

(The same payload size as DCI format 1A)
	Common and

UE specific by C-RNTI
	Single-antenna port 

contiguous PUSCH resource allocation 

	
	DCI format 0A(The same payload size as DCI format 1E)


	UE specific by C-RNTI
	Single-antenna port  
contiguous or non-contiguous PUSCH resource allocation


· Multiple port mode
Regarding new DCI format may be introduced for Rel-10 in single port mode, the corresponding multiple port mode transmission as shown in Table 5. For multiple port mode, the DCI format 0 and/or the DCI format 0A can be used during switching between transmission modes. 
Table 5. Multiple port uplink transmission mode
	Uplink

Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH

	Multiple port 


	DCI format 0

(The same payload size as DCI format 1A)
	Common by C-RNTI
	Single-antenna port 
Contiguous PUSCH resource allocation 

	
	DCI format 0A


	UE specific by C-RNTI
	Single-antenna port 

contiguous or non-contiguous PUSCH resource allocation

	
	DCI format 0B
 
	UE specific by C-RNTI
	Multi-antenna port 

contiguous PUSCH resource allocation (FFS: non-contiguous PUSCH resource allocation)


Pros: More flexible uplink and downlink DCI format extension, e.g. introducing SRS request for aperiodic SRS
Cons: Some more specifications works are needed and the blind decoding will be increased compared to Rel-8/9.
4. Example of New DCI format 

4.1. DCI format 0A

This DCI format is an enhancement of DCI format 0 by adding Rel-10 new features. At least following bit field should be considered beyond DCI format 0 aspects.

· RA bits: FFS. Related to PUSCH allocation issue.

· SRS request for aperiodic SRS: FFS. 1~2 bits may be needed.
· RA type flag:  To indicate contiguous resource allocation or non-contiguous resource allocation. 

· Precoding information: FFS
4.2. DCI format 0B

To support UL MIMO with multi-codewords and precoding, the following aspects should be considered to design DCI format 0B as follows.

· RA bits: FFS. Related to PUSCH allocation issue.
· MCS bits: In the last meeting, it was agreed 2 MCS(one MCS per CW) should be supported.

· NDI bit:  In the last meeting, 2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO was agreed.

· TPC command for PUSCH: Transmit power control bits. For carrier base power control, 2 bit is needed. If new requirement is considered (e.g antenna level power control) more bits is needed.
· FH bit: It was agreed that frequency hopping will not be supported in multi-antenna transmission.
· Precoding Information bits: Different numbers of antenna ports need different PMI bits 

· UL index: For TDD configuration 0, 2 bit is needed.
· Downlink Assignment Index: FFS. For FDD CA, 2 bit DAI may be needed.
· CW to TB swap bit: Similar to DL formats, it is defined for multi-codewords transmission.
· SRS request for aperiodic SRS: FFS. 1~2 bits may be needed.
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
	FFS
	1~3 type

	Resource block assignment
	FFS
	For RA indication for type 0/1, 
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	MSC level
	10
	MCS for CW 1 and 2

	New data indicator
	2
	NDI for CW1 and 2

	TPC command for PUSCH
	FFS
	Transmit power control bits
For carrier base power control, 2 bit is needed. If new requirement is considered(e.g antenna level power control, more bits is needed)

	Cyclic shift for DM RS
	3
	The same as format 0

	UL index
	2
	UL index for TDD configure 0

	Downlink Assignment Index 
	FFS
	DAI bits may be needed to FDD CA also

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

	Precoding information
	3/6
2/5
	2/3 bits for 2 ports; 

5/6 bits for 4 ports.

	CQI request
	1
	Request for aperiodic CQI

	SRS request
	FFS
	Related to SRS discussion.

1~2 bits may be needed.


5. Summary
In this contribution, we discuss the transmission modes and signalling requirements for uplink multiple antenna transmission in LTE-A. To support the new features agreed in LTE-A, at least two transmission modes should be introduced: single port mode and multiple ports mode. Two new DCI format signalling examples for the new uplink transmission modes are also presented. The details of new DCI formats depend on the discussion on other uplink issues. 
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