3GPP TSG RAN WG1 Meeting #62
R1-104770
Madrid, Spain, 

August 23rd – 28th, 2010
______________________________________________________________________________
Agenda item: 6.4.1
Source: LG Electronics

Title: Discussion on Control Signaling for Uplink Transmission Mode
Document for: Discussion/decision
______________________________________________________________________________

1. Introduction

In RAN1 #61 meeting, some progress was made in transmission mode definition [1]:
· 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 further discuss on FFS issues identified in the agreement above and control signaling requirement for UL transmission.
______________________________________________________________________________

2. UL transmission mode for LTE-A
Regarding uplink transmission mode, we further discuss as follows: 
· Single Antenna Port Mode
The uplink Single Antenna Port Mode is the default mode before eNodeB is aware of the UE transmit antenna configuration [2]. For uplink Single Antenna Port Mode, single antenna port scheme with contiguous resource allocation is adopted because this is very basic transmission scheme which is defined from release-8/9. Since single antenna port scheme which supports non-contiguous allocation can be defined in release-10, that scheme can be also introduced as uplink Single Antenna Port Mode.
· Multi Antenna Port Mode supporting up to 2 TBs
For Multi-antenna port mode, spatial multiplexing scheme with multi-transport block is adopted. To support spatial multiplexing scheme, specific control signaling (e.g. precoder information, MCW/NDI for two transport blocks) should be included in new DCI format. In accordance with agreement in RAN1 #61 meeting, a single antenna port scheme is included in Multi-antenna port mode. Both single antenna port scheme and multi-antenna port scheme can be dynamically changed.
· Multi-antenna port mode supporting 1 TB
As third transmission mode, Multi-antenna port mode supporting 1 TB can be studied. In control signaling perspective, for multi-antenna port scheme with single TB, new DCI format could be required. However, in eNB decoding perspective, since channel is obtained from (precoded) DMRS, multi-antenna port supporting single TB scheme is equivalent with single antenna port transmission scheme. Therefore, if rank-1 precoder is informed to UE, precoded rank-1 transmission is possible. For example, after rank-1 precoder is informed from the DCI format for multi-antenna port supporting up to 2 TBs, eNB changes transmission scheme into single antenna port scheme. In this case, UE can perform precoded rank-1 transmission using single antenna port scheme. Therefore, it seems unnecessary to define multi-antenna port scheme supporting 1 TB.
______________________________________________________________________________

3. Dynamic scheme change
Regarding dynamic scheme change, we further discuss as follows:
· Dynamic scheme change for PUSCH transmission mode
In release-10, PUSCH transmission mode is configured through RRC signalling and semi-statically changed. However, in order to operate in mode transient interval or assure robust transmission, it should be supported that configured transmission scheme is dynamically changed into fall-back scheme. To support dynamic change for transmission schemes, UE may search DCI formats which have different size in UE specific search space. For example, in order to support spatial multiplexing scheme, new DCI format which has different size with DCI format 0 should be designed. When multi-antenna port mode is configure, single antenna port scheme with contiguous allocation and spatial multiplexing scheme can be dynamically changed. In this case, additional 16 blind decoding should be operated. In order not to increase decoding complexity, it can be considered that new DCI format for UL transmission is designed to have same size with DCI format 0/1A. For example, DCI format for single antenna port scheme with non-contiguous allocation can be designed by modification of contents of DCI format 0. In Table 1, above discussion for PUSCH transmission mode is summarized.
Table 1. PDCCH and PUSCH configured by C-RNTI
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous allocation.

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

	Mode 2
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, contiguous allocation.

	
	DCI format 4
	UE specific by C-RNTI
	Spatial multiplexing 


______________________________________________________________________________

4. Control signalling requirements

In this section, we focus on control signalling requirements to support UL transmission in LTE-A. 
· DCI format for UL single antenna mode

In release-10, in order not to increase the number of blind decoding of single antenna port mode with non-contiguous allocation, size of DCI format for non-contiguous allocation remains the same size with DCI format 0. Also, to support SRS triggering in DCI format 0, it is needed that new indication method which keeps the size of DCI format 0 is defined. Table 2 shows the contents of DCI format for single transmission in LTE-A. 

Table 2. Contents of DCI format for single transmission in LTE-A
	Contents
	Number of bit
	Comment

	Flag for UL/DL format differentiation
	1
	

	Hopping flag
	1
	For non-contiguous resource allocation, 

N+1 bits is used

	Resource block assignment
	N
	

	MCS and RV
	5
	

	NDI
	1
	

	TPC command for scheduled PUSCH
	2
	

	Cyclic shift for DMRS
	3
	

	UL index (for TDD)
	2
	

	Downlink Assignment Index (for TDD)
	2
	

	Padding bit
	1
	For differentiating between contiguous and non-contiguous resource allocation

	CQI request
	1
	

	CRC
	16
	UE transmit antenna selection or
Aperiodic SRS request


· Hopping flag and resource block assignment
In accordance with agreement that frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation, hopping flag bit can be reused for non-contiguous resource allocation. To keep a bit size of DCI format 0, resource block assignment for non-contiguous allocation should be defined by ‘N+1’ bits (‘N’ bits means bit size of resource block assignment for contiguous allocation). 
· Padding bit
To align the size of DCI format 0 and DCI format 1A, padding bit is attached. If the number of information bits in format 0 is less than the payload size of for format 1A, zeros shall be appended to format 0 until the payload size equals that format 1A [2]. If padding bit is always attached to format 0, this bit can be used for differentiating between contiguous and non-contiguous resource allocation. 
· Aperiodic SRS request
In the case where UE transmit antenna selection is configured and applicable, the CRC parity bits of PDCCH with DCI format are scrambled with the antenna selection mask. Like as antenna selection mask, CRC mask for aperiodic SRS request can be defined in release-10.

· DCI format for multi-antenna port mode
To support mutli-antenna port mode, new DCI format should be defined. Basically, MCS/NDI for 2nd transport block and precoding information are included in the DCI format. Also, both resource allocation methods (i.e. non-contiguous and contiguous resource allocation) can be supported and explicit bit field for aperiod SRS request can be defined. Table 3 shows contents of DCI formats for uplink multi-antenna port mode.

Table 3. Contents of DCI format for multi antenna transmission mode in LTE-A
	Contents
	Number of bit
	Comment

	Flag for UL/DL format differentiation
	0 / 1
	

	Hopping flag
	1
	

	Resource block assignment
	N
	

	1st TB
	MCS and RV
	5
	

	
	NDI
	1
	

	2nd TB
	MCS and RV
	5
	

	
	NDI
	1
	

	TB to codeword swap flag
	1
	

	Precoding information
	M
	2Tx: 3-bit, 4Tx: 6-bit

	TPC command for scheduled PUSCH
	2
	

	Cyclic shift for DMRS
	3
	

	UL index (for TDD)
	2
	

	Downlink Assignment Index (for TDD)
	2
	

	CQI request
	1
	

	Aperiodic SRS request
	1
	


· Flag for UL/DL format differentiation
To reduce the number of PDCCH blind decoding, the same DCI format size can be used for both downlink and uplink in SU-MIMO transmission mode.
· Hopping flag and resource block assignment
In release-8, three types of resource allocation types (i.e. type 0/1/2) are defined. Since resource allocation type 0/1 are bit map based resource allocation methods, both contiguous and non-contiguous allocation can be supported by resource allocation type 0/1. Therefore, these allocation methods can be considered for UL multi-antenna transmission mode.
Also, to reduce the size of bit filed for resource block assignment, resource allocation type 2 can be employed. However, since distributed assignment method of resource allocation type 2 is not proper to support non-contiguous allocation, new resource allocation type which can be defined for single antenna transmission with non-contiguous allocation can be adopted together. In this case, one bit field is needed to indicate resource block assignment method.
· MCS and redundancy version / NDI for 2nd transport block
Similar to Rel-8 DL MIMO, independent 5-bits MCS and RV field for each transport is defined because independent MCS fields are very helpful to support multi-antenna transmission. Also, NDI field for 2nd TB is defined to support non-blanking H-ARQ process in synchronous adaptive retransmission.
· Disabled transport block indication
To support one transport block transmission among two TBs (e.g. one CW to one layer mapping or one CW to two layer mapping), it should be indicated whether transport block is enabled or disabled. In Rel-8 DL MIMO, disabled transport block is notified by using ‘MCS = 0 and RV =1’. However, since modulation order, transport block size and redundancy version in MCS table for PUSCH are jointly coded, disabled TB indication method used in DL MIMO cannot be reused for UL MIMO transmission. Therefore, it should be further discussed that how to indicate disabled TB in uplink transmission.
· Transmission PMI
For uplink spatial multiplexing with two transmit antennas, 3-bits for precoding codebook is defined. Also, for four transmit antennas, 6-bit for precoding codebook is used. 
· Codeword swap flag
As it is employed in LTE downlink MIMO, the codeword swap flag can be also used for uplink SU-MIMO to handle the situation in which a specific codeword suffers from deep fading or antenna gain imbalance. In this case, codeword swapping for retransmission allows spatial diversity gain to a specific codeword.

· Cyclic shift indication for UL DMRS
For multi-layer channel estimation, it was agreed that cyclic shift separation is the primary multiplexing scheme for UL DMRS. To allocate CS indices for multi-layer, minimum required bit for CS indication is 3-bit. When one CS for a layer is indicated, CS indices for other layers can be allocated by using predefined rule.
· TPC command for scheduled PUSCH

If per UE power control is introduced for UL SU-MIMO, TPC command for scheduled PUSCH keeps 2-bits.
______________________________________________________________________________

5. Summary
In this contribution, we discussed UL transmission mode for LTE-A and control signalling requirement. The discussions can be summarized as follows:  
· Two transmission modes (i.e. Single antenna port mode and multi-antenna port mode supporting up to 2TBs) are sufficient for UL transmission in LTE-A. 
· Further details of DCI  format design to support uplink MIMO transmission are needed 
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