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1. Introduction
A host of recent agreements have been made in UL SU-MIMO – both captured as study item [1] and work item decisions [2, 3, 4, 5]. Considering the timeline for Rel-10, it is therefore appropriate to correlate the agreements with the need for changes in the E-UTRA RAN1 specifications whenever possible. From a quick run-through-the-specs process, the following can be identified in relation to UL multi-antenna work item:
1. Category 1: Ready to be incorporated in the specs per past decisions and their simple/natural extension:
a. 36.211: Definition of antenna ports, layer mapping and precoding, Tx diversity for PUCCH format 1/1a/1b
b. 36.212: Extension of bit-level operations for spatial multiplexing, mechanism for data and control multiplexing
c. 36.213: TBS table definition, multi-antenna mode definition, UL-HARQ operation
2. Category 2: Open issues which need further discussion:
a. 36.211: Reference signals (details on DMRS and SRS), PHICH extension if needed, Tx diversity for PUCCH format 2/2a/2b
b. 36.212: DCI formats (related to, e.g. PUSCH resource allocation, power control issues, TB disabling, precoding information), additional details on data and control multiplexing
c. 36.213: PHICH resource assignment rule (following the 1-to-1 mapping decision and alternatives in [4, 5]) 
This contribution focuses on Category 1. The sections below are organized based on the type of RAN1 specification. It is noted that the discussion is in the context of a single UL component carrier. The extension to multiple component carriers can be done in accordance to the other system components in the specifications where the signal transmission is confined within one component carrier. 
2. TS36.211
We discuss how to correlate the agreements made in various areas to the need for specification changes. Before we proceed, it is worth noting that Figure 5.3-1 in TS36.211 will need to be replaced by a diagram given in Figure 1 to accommodate UL multi-antenna transmission. In particular:

· Multiple (not excluding one) TBs are specified. 
· Layer mapping is inserted between the modulation mappers and transform precoders.
· Precoding is inserted between the transform precoders and resource element mappers. 
· SC-FDMA is replaced by DFT-SOFDMA to allow non-contiguous resource allocation.
Such extension follows the Rel-8 DL multi-antenna principle which is aligned with the decisions taken so far. 
2.1. Definition of antenna ports
For DL multi-antenna, an antenna port is defined by its associated reference signal. The same principle can be used for UL multi-antenna. The main difference lies on the existence of a cell-specific reference signal for DL (in the form of Rel-8 CRS and potentially Rel-10 CSI-RS). This is not the case in the UL as both the demodulation reference signal (DMRS) and sounding reference signal (SRS) are UE-specific. This, however, does not pose any problem since the UE-specific antenna port assignment for DMRS and SRS can be done separately as indicated in [6]. As already decided, DMRS is precoded and SRS is not precoded. 

Following this line of thought, an analogous text to that for the DL can be introduced in Section 5.2.1 of TS36.211:
In case of multi-antenna transmission, there is one resource grid defined per antenna port for a given UE. An antenna port is defined by its associated reference signal. The set of antenna ports supported depends on the reference signal configuration for each UE:

· Sounding reference signals, support a configuration of one, two, or four antenna ports and the antenna port number 
[image: image1.wmf]p

 shall fulfil
[image: image2.wmf]0

=

p

, 
[image: image3.wmf]{

}

1

,

0

Î

p

, and 
[image: image4.wmf]{

}

3

,

2

,

1

,

0

Î

p

, respectively.

· Demodulation reference signals, support a configuration of one, two, three, or four antenna ports. The antenna port number 
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The number of antenna ports associated with the sounding and demodulation reference signals are configured via higher layer by the parameters [APSRS] and [APDMRS], respectively. 
Consequently, the type of antenna port (SRS or DMRS) may need to be explicitly mentioned to avoid confusion in the specification. 
Once the UL antenna ports are properly defined, texts analogous to those for DL need to be inserted throughout the specification to accommodate multi-antenna transmission.
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Figure 1 The new block diagram for Fig 5.3-1 in 36.211 “Overview of UL physical channel processing”
2.2. Layer mapping
Before specifying the layer mapping, a text which specifies that up to 2 codewords can be transmitted. Analogous to DL, this can be done in Section 5.3.1 of TS36.211 when the scrambling operation is specified for each codeword q. Then, the following text can be added at the end of Section 5.3.1 for PUSCH (the entire Section 5.3):
Up to two codewords can be transmitted in one subframe, i.e., 
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 is equal to zero.
The codeword-specific description also needs to be added in Section 5.3.2 (Modulation).
Following Section 5.3.2, a new section on layer mapping needs to be introduced. Based on the agreement in relation to layer mapping [1, 3], the following text can be inserted in TS36.211 to capture the agreements. 
· Layer mapping follows the same principle as Rel-8 DL. 

· No layer shifting is supported.

· Since no Tx diversity is supported for PUSCH, only two layer mappings need to be specified. 
· The support for 1-codeword 2-layer transmission for 4Tx 1-codeword retransmission (highlighted) is natural since HARQ bundling is not supported. This follows the Rel-8/9 principle.
5.3.2A

Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols  
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 is the number of layers and 
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5.3.2A.1
Layer mapping for transmission on a single antenna port

For transmission on a single antenna port associated with a single sounding reference signal, a single layer is used, 
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5.3.2A.2
Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 5.3.2A.2-1. The number of layers 
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 is less than or equal to the number of antenna ports 
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 associated with the sounding reference signals used for transmission of the physical channel. The case of a single codeword mapped to two layers is only applicable when the number of antenna ports associated with the sounding reference signal is 4.
Table 5.3.2A.2-1: Codeword-to-layer mapping for spatial multiplexing.

	Number of layers
	Number of codewords
	Codeword-to-layer mapping
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2.3. Precoding
Before introducing precoding, the transform DFT precoding operation needs to be specified for each layer v (which has a one-to-one correspondence with a DMRS antenna port). Note that this section by itself may need some modification to capture non-contiguous resource allocation (DFT-SOFDMA).
Following Section 5.3.3, a section on precoding is inserted. The codebooks are based on the captured agreements in [1, 2, 3]. Unlike for DL spatial multiplexing, the description on codebook subset restriction is not necessary for UL precoding.
5.3.3A

Precoding

The precoder takes as input a block of vectors
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 from the layer mapping and generates a block of vectors
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 to be mapped onto resources on each of the antenna ports, where 
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 associated with a sounding reference signal. 
5.3.3A.1
Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by 
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 is the number of the single antenna port used for transmission of the physical channel and 
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5.3.3A.2
Precoding for spatial multiplexing 

Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described in Section 5.3.2A.2. Spatial multiplexing supports two or four antenna ports and the set of antenna ports used is 
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where the precoding matrix 
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For spatial multiplexing, the values of  
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 shall be selected among the precoder elements in the codebook configured in the eNodeB and the UE according to the precoding information field in the uplink grant. The configured codebook shall be selected from Table 5.3.3A.2-1 or 5.3.3A.2-2 for transmission on two antenna ports 
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Table 5.3.3A.2-1: Codebook for transmission on antenna ports 
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	Codebook index
	Number of layers 
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Table 5.3.3A.2-2: Codebook for transmission on antenna ports
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2.4. Transmit diversity for PUCCH format 1/1a/1b
For DL, transmit diversity for both PDSCH and PDCCH can be specified in terms of layer mapping and precoding operations. For UL, transmit diversity is specified only for PUCCH. Currently, only Tx diversity for format 1/1a/1b was decided to be based on orthogonal resource selection. In this case, PUCCH Tx diversity cannot be specified in terms of layer mapping and precoding. Hence, some additional text needs to be inserted in Section 5.4.1 to capture the use of multiple orthogonal resources for transmit diversity. 

3. TS36.212
Since UL-SCH and DL-SCH share the same bit-level operations up to the multiplexing between data and control for UL-SCH, the support for SU-MIMO transmission for DL (Rel-8/9) can be readily applied for UL-SCH without any change. Such functions include:

· Transport block (TB) CRC attachment
· Code block (CB) segmentation and CRC attachment

· Channel coding
· Rate matching

· Code block concatenation

For data and control multiplexing, some changes are needed to support the control transmission when 2 TBs are transmitted. Based on the agreement in RAN1#61 [5, 7], the following changes are envisioned:
· A rule for selecting which codeword is chosen to carry the UCI (CQI/PMI) needs to be defined in Section 5.2.2.6. This needs to be accompanied by the rule for computing the number of coded symbols used for UCI as well as HARQ-ACK and RI. The rules are still being discussed and hence not finalized. 
· Section 5.2.2.7 is modified as follows
The inputs to the data and control multiplexing are the coded bits of the control information denoted by 
[image: image122.wmf]1

3

2

1

0

,...,

,

,

,

-

CQI

Q

q

q

q

q

q

and the coded bits of the UL-SCH denoted by 
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. The output of the data and control multiplexing operation is denoted by 
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 are column vectors of length 
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(1 or 2) is the number of layers the CW is mapped onto. H is the total number of coded bits allocated for UL-SCH data and CQI/PMI information.

The control information and the data shall be multiplexed as follows:

Set i, j, k to 0

while 
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end while

while 
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 -- then place the data
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end while
· In Section 5.2.2.8, 
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 needs to be replaced by 
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which affects the number of rows in the channel interleaver matrix and the length of the input vector sequence written in the channel interleaver matrix. In addition, the repetition across all layers and insertion procedure for HARQ-ACK and RI during the channel interleaving process need to be defined in step (5) of channel interleaving. 
4. TS36.213

While different MCS tables are used for PDSCH and PUSCH transmission, the same TB size (TBS) table is used for single-layer transmission per TB. Although only one TB is supported in Rel-8/9 UL transmission, the extension for 2-TB transmission is apparent. That is, the TBS tables defined in TS36.213 (for single- or dual-layer transmission per TB) are readily used to enable up to 4-layer UL SU-MIMO transmission. Hence, there is no need to define any new TBS table to support such feature. A text is required to capture the use of the procedure in Sections 7.1.7.2.1 and 7.1.7.2.2 to determine the TBS for UL SU-MIMO.
Following the agreement on multi-antenna mode definition in [5], tables similar to Table 7.1-5 and 7.1-6 need to be defined for the support of (at least) two Rel.10-UE-specific-RRC-configured transmission modes. The definition of the single-antenna port fallback scheme is still unclear in terms of the DCI format (whether to reuse DCI format 0) and/or resource allocation scheme (what type of non-contiguous resource allocation is agreed for Rel.10). Hence, how the final tables look like is still unknown. 
To support the HARQ mechanism for UL MIMO, Sections 8.6 and 9.1.2 need to be revised for the adaptive and non-adaptive HARQ, respectively. 
5. Conclusion

In this contribution, we analyzed the required changes in the RAN1 specifications to support UL SU-MIMO. Focusing only on the agreement to-date, we found several required changes in TS36.211 to define the antenna ports, layer mapping, precoding, and Tx diversity for PUCCH format 1/1a/1b. Furthermore, there is no need to define any new component in relation to bit-level operation (TS36.212) and TBS tables (TS36.213).  
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