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1. Introduction
It was agreed in the last meetings that uplink spatial multiplexing with multi-codeword transmission as well as single port mode should be introduced in LTE-A. For both transmission modes, non-contiguous resource allocation with multiple clusters should also be supported. In RAN1#61 meeting, some decisions on UL signaling were made as follows:
· 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 the details of UL signaling based on the above agreements.
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 contiguous/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. On one hand, it can be well supported by multiple ports mode. On the other hand, the saving size in DCI format is very limited.
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 new format to support multi-CW transmission with PMI indication, so-called format 0B. From the above decision, a single-port fallback scheme with the same DCI format(format 0C) for all RRC configured modes is also needed. Obviously, additional 16 BDs are needed for UL MIMO transmission in LTE-A(format 0B), while the same size should be configured for format 0C and 1A. The details on DCI design can be found in the next section.
In one word, we suggest that the following transmission modes should be supported in LTE-A uplink transmission by RRC signaling:
Table 1: PDCCH and PUSCH configured by C-RNTI 

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

	Single-antenna port mode
	DCI format 0
	Common by C-RNTI
	Single-antenna port, contiguous RA

	
	DCI format 0C(1A)
	UE specific by C-RNTI
	Single-antenna port, contiguous RA

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

	Multi-antenna port mode
	DCI format 0
	Common by C-RNTI
	Single-antenna port, contiguous RA

	
	DCI format 0C(1A)
	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, contiguous /non-contiguous RA


2.2. DCI format to support single port mode (format 0A/format 0C)
The design of format 0A/0C is highly concerned to resource allocation in PUSCH. In the last meeting, some agreements were reached for non-contiguous RA in PUSCH:
· Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission

· DL/UL transmission mode can be configured independently

· Note that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination, and this would be left FFS. 
· No additional blind decodings to support non-contiguous UL RA in single antenna transmission case 

· i.e. the size of the DCI format used to support non-contiguous UL RA is matched to the size of Format 0 or the semi-statically configured DCI Format size for the same UE

· Format size matching is done by padding one of the messages if necessary
· “No additional blind decodings to support non-contiguous UL RA” also applies to SU-MIMO case if SU-MIMO is supported with non-contiguous UL RA

According to the decisions, in order not to increase additional BDs for format 0A, two options can be considered for the design of format 0A.
Option1: Match the size of format 0

Format 0A can reuse the size of format 0/1A via one additional flag bit. In contributions [1][2], two methods are mentioned for this opiton. 
· Method1: FH bit is reused to support two clusters[1]
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 [2].
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. 
It should be noticed that because SRS-triggering via UL grant had been agreed during the discussion of aperiodic SRS, both the additional flag bit and the SRS-triggering bit should be included in format 0 and 0A. Therefore, the size of format 0/1A should be redefined in LTE-A with lager size than that in LTE R8 at least in UE-specific search space. The extended “format 0” is so-called format 0C in Table1.
Option2: Introduce a new RA type for format 0A
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 lager DCI size than format 0 is needed. In this case, the RA granularity can be PRB, and there will be no limitation to the number of supported clusters, which allows full scheduling flexibility. Thus, we think this option is better than option1 for flexible resource allocation. The proposed design of format 0A is showed in Table 2 as follows:

Table 2: The proposed design of format 0A compared to format 0
	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 


To ensure the same BDs as LTE R8, the same size is needed for format 1A/0C/0A in LTE-A. For this purpose, we also provide two candidate methods.

· M1: DCI format 0/1A is reused in LTE-A with some padding bits, one additional SRS-triggering bit and one additional flag bit to be multiplexed with format 0A. Then the redefined format 0 will be format 0C.
· M2: Considering both contiguous and non-contiguous RA can be supported by type0/1 RA, it is not needed to introduced a new format (format 0C) for fallback mode with single-cluster transmission. The dynamic switching between single cluster and multi-cluster transmission can be implemented by single format (format 0A). In this case, some padding bits are needed for format 1A and the flag bit for format 0/1A can be reused to distinguish format 0A/1A. The table of transmission mode can be simplified as in Table3. 
· Table 3: PDCCH and PUSCH configured by C-RNTI 

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

	Single-antenna port mode
	DCI format 0
	Common by C-RNTI
	Single-antenna port, contiguous RA

	
	DCI format 0A(1A)
	UE specific by C-RNTI
	Single-antenna port, contiguous /non-contiguous RA

	Multi-antenna port mode
	DCI format 0
	Common by C-RNTI
	Single-antenna port, contiguous RA

	
	DCI format 0A(1A)
	UE specific by C-RNTI
	Single-antenna port, contiguous (/non-contiguous) RA

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


In method1, one more flag bit is needed and the corresponding PDCCH blocking probability will be larger. Furthermore, many useless padding bits are introduced in the fallback mode. In method2, the format 0 in LTE is replaced by format 0A in LTE-A and only two formats are multiplexed. Flexible resource allocation can also be supported in the fallback mode without unwanted bits. Hence, we proposed that method 2 should be considered for the design of format 0A and 0C.
2.3. DCI format for UL MIMO(format 0B)

For independent configuration of DL/UL transmission mode, a new DCI format should be introduced for UL MIMO transmission. Considering it is not justified to preclude non-contiguous RA in UL MIMO, which had been agreed for single port mode, and no additional BDs are allowed for this feature, type0/1 RA is optimal in this format. To support multi-codewords transmission, precoding and non-contiguous RA, the following aspects should be considered for the design of format 0B based on DCI format 0:
· RA bits: To support both contiguous and non-contiguous RA, RA type 0/1 should be introduced.

· MCS/RV 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 different 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 may be needed for UL MIMO transmission.
· SRS request for aperiodic SRS: At least one bit is needed for SRS triggering in UL grant.
· CS indication bits: The signaling for CSI should be redefined for OCC and slot hopping.
Considering above IEs, the information bits of DCI format 0B can be defined as follows:
Table 4: 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


2.4. Support of single CW transmission with format 0B
In LTE R8/9 DL transmission, one transport block is disabled via MCS=0&RV=1 for multi-CW transmission. However, a new mechanism is needed in UL transmission because the MCS and RV are indicated together via MCS indication(MCS=0 means RV=0) in UL signaling. In this section, we discuss about some solutions to disable one of the CWs.
Method1: Disabling one block via NDI&MCS configuration
In uplink signaling in LTE R8, IMCS larger than 28 is used for adaptive retransmission or aperiodic CQI(IMCS =29), and no new data will be transmitted in this case. Therefore, one CW can be disabled via a special configuration-NDI=1& IMCS =30/31. That is, if IMCS=30/31, and the NDI bit is set to 1, the corresponding CW is disabled; if the NDI bit is set to 0 in this case, the transport block will be retransmitted with corresponding RV. This method is very simple, but the introduction of NDI configuration may lead to some extent of error detection in BS.
Method2: Disabling one block via PMI&MCS configuration
In[3], one mechanism is proposed using joint PMI&MCS configuration to disable one CW and simultaneously reduce precoding information indication. The number of enabled CWs is signaled via PMI information, and if only one CW is enabled, the PMI of the enabled CW is indicated via the unused MCS of disabled CW. In this case, the precoding information bits can be reduced as only the PMI for two CWs transmission are included in the information field. However, the possibility of error detection will be increased by this mechanism as the signaling and detection complexity will be increased. 
Method3: Disabling one block via reduced PMIs for some case

A special case for UL MIMO transmission is one CW transmission with two layers, which may only occur during retransmission of 4tx UE. Considering that the total number of PMIs in all the other cases is 24+16+12+1=53, the reserved 11 indices of the 6bits precoding information can be used for the special purposes. That is, only 11 PMIs from all the 16 PMIs will be chosen for one-CW-two-layer retransmission. Hence, the number of transmission CWs and layers can be jointly indicated via only precoding information at the cost of some performance loss in the special case.
All the methods can be considered for single CW transmission with format 0B. However, compared to other methods, we preferred method1 a little considering simplicity and performance.
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. For more flexible scheduling and resource allocation, we propose that new RA types as well as new DCI sizes should be introduced taking blind decodings into count. We also provide some suggestions on disabling one of the transport blocks for single CW transmission case.
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