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1 Introduction

In LTE Rel.10, UL SU-MIMO is supported and the single antenna port mode was agreed as the default transmission mode for the UEs with multiple transmit antennas [1]. 

In this contribution, the required control signalling in Downlink Control Information (DCI) format for the UL transmission modes are discussed. 
2 Search space design for Rel.10 uplink transmission
Based on the current agreement, at least two transmission modes for PUSCH are defined for the Rel.10 multiple transmit antenna UE [3]:

· SAP mode :  Single antenna port mode.
· MAP mode: Multiple antenna port mode, supporting up to two Transport Blocks (TB).
Using an orthogonal cover code over uplink DMRS, aperiodic SRS triggering and non-contiguous resource allocation (low priority in Rel.10) are new features in Rel.10 and should be considered in the uplink control signalling design.
In RAN1#61 meeting [3], it was agreed that there shall be no increase in the number of blind decodes for non-contiguous resource allocation and non-MIMO transmission. Furthermore, in RAN1 #62 meeting [5], it was agreed that:
For single antenna transmission,

· Maximum number of clusters is 2

· Resource allocation scheme

· CQI RB indexing scheme is used
· Number of bits for the RA scheme
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· where PUL is RBG size for uplink and is equal to the DL RBG size as defined for Rel.8 in 36.213 section 7.1.6.1
· 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　
According to the above agreements, the DCI format 0A to support single antenna port mode transmission should be implemented by including 1 bit flag to differentiate contiguous and non-contiguous resource allocation and at the same time an existing Rel.8 format padding bit is utilized as the 1 bit flag to make sure the size of DCI format 0A is the same as DCI format 0.
Furthermore,  the Rel.8 uplink transmission scheme (DCI format 0) should be supported for a Rel.10 UE as well because this is the only transmission scheme a eNB could schedule a UE before the eNB obtains the version information (Rel.8/9 or Rel.10) of a UE. Note also that the size of DCI format 3/3A align with the size of DCI format 0/1A in Rel.8. For maintaining backward compatibility, the size of DCI format 3/3A will not change in Rel.10 meaning that the size of control signalling format in common search space should still align with the DCI format 3/3A. So it’s very natural that DCI format 0 should still be supported for a Rel.10 UE, especially in common search space. 
About SRS triggering, the main motivation of introducing aperiodic SRS triggering is to support uplink MIMO. Hence, triggering of aperiodic SRS is not deemed necessary when the UE is in SAP mode. A problem may occur during semi-static switching between SAP mode and MAP mode since it usually needs tens of milliseconds, but using periodic SRS can still be used during this reconfiguration period. To conclude, a new bit field to support SRS triggering in DCI format 0A to support is not needed.
About the UL DMRS with OCC, it has already been agreed to reuse the 3 existing bits of CS indication in Rel.8 also in Rel.10, so no new information bits to support OCC needs to be added in DCI format 0A.
From the above analysis, the size of DCI format 0A could be exactly the same as DCI format 0 and the corresponding search space design is shown in Table 1. 
Table 1
Search space design for Rel.10 uplink transmission
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH

	SAP mode

(44 blind decoding)
	DCI format 0(A)
	Common and 

UE specific C-RNTI
	Single antenna port(Rel.8)

Contiguous & Non-contiguous resource allocation 

	MAP mode

(60 blind decoding)
	DCI format 0(A)
	Common and UE specific by C-RNTI
	Single antenna port(Rel.8)

Contiguous & Non-contiguous resource allocation 

	
	DCI format 4
	UE specific C-RNTI
	Multiple antenna ports(Rel.10)

Contiguous & non contiguous resource allocation

	
	
	
	


For SAP mode, Because the size of DCI format 0A is the same as DCI format 0, from search space design point of view, DCI format 0 and DCI format 0A could be treated as the same DCI format.
For MAP mode, in RAN1#61 meeting [3], the maximum number of blind decodes was agreed:

· 44 x N_DLCC + Y x N_ULCC_M for UE which is configured UL MIMO 
· Where N_ULCC_M is the number of active CCs which are configured for UL MIMO.
· Y is one of 0 and 16 (FFS which one)
Which was specified further in RAN1#62 meeting [5:

· Actual number of blind decodes is up to: 44 + 32 x N_DL_SCC + 16 x N_UL_SCC + 16 x N_ULM_CC
This latter agreement indicates that the parameter Y equals 16, and that means the total blind decoding times is 60 for MAP mode, because DCI format 4, DCI format 1A and one downlink DCI for Rel.8 transmission mode are need to be searched in the UE specific search space.
3 DCI format design for Rel.10 uplink transmission
The required control signalling contents in DCI format 0A for PUSCH SAP mode is listed in Table 2 below.    
Table 2
Format 0A for Rel.10 PUSCH SAP mode
	Contents
	Bit size
	Notes

	Flag for format 0/1A differentiation
	1
	In order to differentiate the DCI format 0 and DCI format 1A  in the UE specific search space 

	RB assignment
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	CQI RB indexing scheme is used[5] 

	TB MCS
	5
	Modulation and coding scheme indication

	TB NDI
	1
	New data indicator

	DMRS resource assignment  
	3
	OCC+CS indication

	TPC for PUSCH
	2
	Power control indication

	DAI for TDD
	0 (for FDD), 2(for TDD configuration)
	Downlink Assignment Index. This field is present only for TDD operation with uplink-downlink configuration 1-6

	UL index
	2
	This field is present only for TDD operation with uplink-downlink configuration 0.

	CQI request
	1
	CQI report triggering

	Flag for format 0A and format 0 differentiation 
	1
	Use padding bit


The required control signalling contents in DCI format 4 for PUSCH MAP mode is listed in Table 3 below.    
Table 3
Format 4 for Rel.10 PUSCH MAP mode

	Contents
	Bit size
	Notes

	Contiguous/Non-contiguous resource allocation flag
	1
	The new SU-MIMO DCI format includes 1-bit flag to differentiate contiguous and non-contiguous resource allocation

	RB assignment
	Resource allocation Type 2

or CQI RB index scheme is used[5]
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	Resource allocation type indication

	TB1 MCS
	5
	Modulation and coding scheme indication for TB1

	TB1 NDI
	1
	New data indicator for TB1

	TB2 MCS
	5
	Modulation and coding scheme indication for TB2

	TB2 NDI
	1
	New data indicator for TB2

	TB to codeword swap flag
	1
	In case of two CWs enabled, swap flag indicate the TB to CW mapping. 

	DMRS resource assignment  
	3
	OCC+CS indication

	TPMI & Rank indication
	3 (2Tx), 6 (4Tx)
	One reserved state could be used to indicate dynamical fallback to single antenna port transmission

	TPC for PUSCH
	FFS
	FFS for multiple antennas power control. 

One possible design to support sum power control method [4] is 4bits in total and two parts indication : 

Part one (2 bits): [image: image3.png][



 for sum power control, as used in Rel.8 for f (i) accumulation;

Part two (2 bits): [image: image4.png]


  for offset between two codewords.


	DAI for TDD
	0 (for FDD), 2(for TDD configuration)
	Downlink Assignment Index. This field is present only for TDD operation with uplink-downlink configuration 1-6

	UL index
	2
	This field is present only for TDD operation with uplink-downlink configuration 0.

	CQI request
	1
	CQI report triggering

	Aperiodic SRS triggering
	At least 1 bit needed
	For aperiodic SRS triggering and eventually also configuration


In PUSCH MAP mode, the new features to be supported are: 

· MCS and NDI for two TBs
There are 2 MCS fields for the two TBs, where the MCS field for each TB is the same as defined in Rel.8 UL. The RV parameter can also be jointly indicated with modulation order and TB size by the MCS field, so that the Rel.8 UL MCS configuration can be reused for Rel.10 UL MIMO. As agreed in RAN1#60, 2 NDIs (one NDI per TB) are required in the DCI format. 
In uplink MAP mode, due to rank adaptation and retransmission, it’s necessary to have functionality to disable one of two TBs. In downlink, IMCS=0 and rvidx=1 means the corresponding TB is disabled. But in uplink, because RV is jointly coded with IMCS, a new scheme of TB disabling should be designed for uplink and the details can be found in section 4.
· TB to codeword swap flag
In Rel.8 DL MIMO, TB to CW swapping is supported. For Rel.10 UL MIMO, TB to CW swapping should also be supported to avoid antenna gain imbalance at UE.
· DMRS resource assignment
In RAN1#60bis, it has been agreed to introduce the OCC multiplexing in Rel.10 for UL DMRS without increasing UL grant signaling overhead. It means that OCC and cyclic shift resource should be jointly indicated with 3 bits. The detailed explanations of the information bits depends on the DMRS OCC and CS resource configuration design and are FFS. 
· TPMI and Rank indication
In the codebooks agreed for Rel.10 UL MIMO, there are 7 precoders for 2 Tx antennas and 56 precoders for 4 Tx antennas. Therefore, TPMI and rank can be jointly indicated in the DCI format with 3 bits for 2 Tx antennas and 6 bits for 4 Tx antennas.
· TPC for PUSCH 

In [4], UL power control method for multiple antennas is discussed in detail and sum power control is proposed, which is a straightforward extension of SIMO power control. 

The sum power is shared across layers/codewords and can be dynamically controlled by PDCCH signalling. If more dynamic and flexible power sharing for two transmitted codewords is beneficial, power offset values could also be signalled by PDCCH. In this case, a single offset value between the 2 codewords should be sufficient. Then the TPC field in the DCI format can include two parts, one part is to indicate [image: image5.png][



 for sum power f (i) accumulation (same as in Rel.8), the other part indicate[image: image6.png]


 which is the power offset between two codewords.  The TPC discussion is still ongoing. 
· Aperiodic SRS triggering
The details of the signalling for aperiodic SRS in the DCI format is FFS and depends on the triggering procedure design. However, at least one bit is required for dynamic aperiodic SRS triggering.
4 TB disabling method in the multiple antenna port mode 

In MAP mode, there are two cases where one of the two TBs needs to be disabled: 
Case 1: Rank 1 initial transmission or retransmission;
Case 2: Single codeword Rank 2 retransmission.

For case 1:
It can be assumed that only the first CW is available for precoding. Thus the TB to CW swapping flag is reserved and can be reused to indicate which TB is disabled. 
For case 2: 
TB disabling is used in retransmission when one of the two CW does not need to be retransmitted. In UL grant for scheduling retransmission, the NDI bit of the disabled TB should not be toggled and this can either indicate retransmission or there is no new TB to be transmitted, i.e. the corresponding TB is disabled. To further distinguish between these two cases, the lowest MCS level IMCS=0 (QPSK and RV =0) can be used specially for TB disabling because IMCS=0 is not necessarily used for retransmission in the real system. 
In addition, 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. 
Actually, the methods of TB disabling for case 2 can also be used for Rank 1 retransmission.
Therefore, the proposed TB disabling method can be summarized as 

· For rank =1 transmission
Solution 1: TB to CW swapping flag is used for TB disabling. 

If TB to CW swapping flag = 0, TB 1 is enable and TB 2 is disable;

If TB to CW swapping flag =1, TB 1 is disable and TB 2 is enable. 

Solution 2: TB to CW swapping flag is used for TB disabling in very first initial transmission and “not toggled NDI and IMCS=0” or “toggled NDI and IMCS=29” is used for TB disabling in retransmission. 

· For rank =2 single codeword retransmission, 
Solution 1: If NDI is not toggled and IMCS=0, it means the corresponding TB is disabled. 
Solution 2: If NDI is toggled and IMCS=29, it means the corresponding TB is disabled.

5 Conclusions
In this contribution, the control signalling design for UL MIMO transmission is discussed. We propose that 

· Two new DCI formats should be defined, Format 0A for single antenna port mode and Format 4 for multiple antenna ports mode.

· In MAP mode, “TB disabling” is detected through corresponding NDI and IMCS in the related UL grants.
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