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5.5.3
Sounding reference signal
5.5.3.1
Sequence generation
The sounding reference signal sequence 
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 is defined by clause 5.5.1, where 
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 is the sequence-group number defined in clause 5.5.1.3 and 
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 is the base sequence number defined in clause 5.5.1.4. The cyclic shift 
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 of the sounding reference signal is given as 
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 is configured separately for periodic and each configuration of aperiodic sounding by the higher-layer parameters cyclicShift and cyclicShift-ap, respectively,  for each UE and 
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 is the number of antenna ports used for sounding reference signal transmission. The parameter  
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5.5.3.2
Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor 
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 in order to conform to the transmit power 
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 specified in clause 5.1.3.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with 
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where 
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 is the number of antenna ports used for sounding reference signal transmission and the relation between the index 
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 is given by Table 5.2.1-1. The parameter 
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 is given by the higher-layer parameter [Number-of-combs] if configured, otherwise 
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, The set of antenna ports used for sounding reference signal transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity 
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 is the frequency-domain starting position of the sounding reference signal and for 
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 is the length of the sounding reference signal sequence defined as
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where 
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is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth 
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. The cell-specific parameter srs-BandwidthConfig, 
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 and the UE-specific parameter srs-Bandwidth, 
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are given by higher layers. For UpPTS, 
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 shall be reconfigured to 
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 if this reconfiguration is enabled by the cell-specific parameter srsMaxUpPts given by higher layers, otherwise if the reconfiguration is disabled 
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 is a SRS BW configuration and 
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 is the set of SRS BW configurations from the Tables 5.5.3.2-1 to 5.5.3.2-4 for each uplink bandwidth 
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 is the number of format 4 PRACH in the addressed UpPTS and derived from Table 5.7.1-4. 
The frequency-domain starting position 
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where for normal uplink subframes 
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 and  for UpPTS by
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The quantity 
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where the relation between the index 
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 and the antenna port 
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 is given by Table 5.2.1-1, 
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 is given by the UE-specific parameter transmissionComb or transmissionComb-ap for periodic and each configuration of aperiodic transmission, respectively, provided by higher layers for the UE, and 
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 is frequency position index. The variable 
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 is equal to 0 for UpPTS in the first half frame and equal to 1 for UpPTS in the second half frame of a radio frame.
The frequency hopping of the sounding reference signal is configured by the parameter 
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, provided by higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission.. If frequency hopping of the sounding reference signal is not enabled (i.e., 
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 where the parameter 
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 is given by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e., 
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where 
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 is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth 
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where 
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 value on Table 5.5.3.2-1 through Table 5.5.3.2-4, and 
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counts the number of UE-specific SRS transmissions, where 
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 is UE-specific periodicity of SRS transmission defined in clause 8.2 of 3GPP TS 36.213 [4], 
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 is SRS subframe offset defined in Table 8.2-2 of 3GPP TS 36.213 [4] and 
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 is the maximum value of 
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 for a certain configuration of SRS subframe offset.
The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.
Table 5.5.3.2-1: 
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	SRS bandwidth configuration
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Table 5.5.3.2-2: 
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	SRS bandwidth configuration
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Table 5.5.3.2-3: 
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	SRS bandwidth configuration
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Table 5.5.3.2-4: 
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	SRS bandwidth configuration
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6.2.1
Resource grid
The transmitted signal in each slot is described by one or several resource grids of 
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 OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity 
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 are the smallest and largest downlink bandwidths, respectively, supported by the current version of this specification. 

The set of allowed values for 
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 is given by 3GPP TS 36.104 [6].  The number of OFDM symbols in a slot depends on the cyclic prefix length and subcarrier spacing configured and is given in Table 6.2.3-1.
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals, positioning reference signals, UE-specific reference signals associated with PDSCH and demodulation reference signals associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the cell:

-
Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on antenna ports 
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-
MBSFN reference signals are transmitted on antenna port
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. The channel over which a symbol on antenna port
[image: image154.wmf]4

=

p

is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond to subframes of the same MBSFN area.
-
UE-specific reference signals associated with PDSCH are transmitted on antenna port(s) 
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. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when PRB bundling is used or in the same PRB pair when PRB bundling is not used.
-
Demodulation reference signals associated with EPDCCH are transmitted on one or several of 
[image: image159.wmf]{

}

110

,

109

,

108

,

107

Î

p

. The channel over which a symbol on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only if the two symbols are in the same PRB pair.
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Positioning reference signals are transmitted on antenna port
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 is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only within one positioning reference signal occasion consisting of 
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CSI reference signals support a configuration of one, two, four, eight, twelve, or 16 antenna ports and are transmitted on antenna ports 
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Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. 
6.3.4
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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 represents the signal for antenna port
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6.3.4.1
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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6.3.4.4
Precoding for spatial multiplexing using antenna ports with UE-specific reference signals 

Precoding for spatial multiplexing using antenna ports with UE-specific reference signals is only used in combination with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antenna ports with UE-specific reference signals supports up to eight antenna ports and the set of antenna ports used is 
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If no higher-layer parameter Rel-13-DMRS-table is present, or when the higher-layer parameter Rel-13-DMRS-table is set to 0
, the precoding operation for transmission on 
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 antenna ports is defined by
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If the higher-layer parameter Rel-13-DMRS-table is set to 1, two codewords are enabled, and the field “Antenna port(s), scrambling identity and number of layers” given by DCI format 2C or 2D is 4 or 5, the precoding operation for transmission is defined by
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6.10.5
CSI reference signals

CSI reference signals are transmitted on one, two, four, eight, twelve, or 16 antenna ports using 
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For CSI reference signals using more than eight antenna ports, 
[image: image196.wmf]1

CSI

res

>

N

 CSI-RS resources in the same subframe, numbered from 0 to 
[image: image197.wmf]1

CSI

res

-

N

, are aggregated to obtain 
[image: image198.wmf]CSI

ports

CSI

res

N

N

 antenna ports in total. Each CSI-RS resource in such an aggregation corresponds to 
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 antenna ports and one of the configurations in Table 6.10.5.3-1 or 6.10.5.2-1 for normal cyclic prefix. The supported configurations of aggregated CSI-RS resources are shown in Table 6.10.5-1.
CSI reference signals are defined for 
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Table 6.10.5-1: Aggregation of CSI-RS resources.
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6.10.5.1
Sequence generation

The reference-signal sequence 
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 is defined by
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 at the start of each OFDM symbol where 
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The quantity 
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6.10.5.2
Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence 
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 used as reference symbols on antenna port 
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 . The mapping depends on the higher-layer parameter CDMType. 
For the case of CDMType not equal to CDM4:
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For the case of CDMType equal to CDM4:
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Table 6.10.5.2-0: The sequence 
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The quantity 
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 are given by Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively. 
The relation between the antenna port number 
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 depends on the number of CSI-RS antenna ports:
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for CSI reference signals using up to eight antenna ports, 
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-
for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals CDM2
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where 
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 is the CSI-RS resource number.
-
for CSI reference signals using more than eight antenna ports the higher-layer parameter CDMType equals CDM4, antenna port number 
[image: image239.wmf]'

CSI

ports

p

iN

p

+

=

 where 
[image: image240.wmf]{

}

1

15

,..,

16

,

15

'

CSI

ports

-

+

Î

N

p

 for CSI-RS resource number 
[image: image241.wmf]{

}

1

,...,

1

,

0

CSI

res

-

Î

N

i

.
Multiple CSI reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of CSI reference signals,

-
up to three configurations for CSI reporting for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power, and

-
zero or more configurations valid across the system downlink bandwidth as part of the discovery signals for which the UE shall assume non-zero transmission power for the CSI-RS. 

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.

The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order. 
CSI reference signals can only occur in

-
downlink slots where 
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 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, and 

-
where the subframe number fulfils the conditions in clause 6.10.5.3. 

The UE shall assume that CSI reference signals are not transmitted

-
in the DwPTS for special subframe configuration 0, 5 and 9 for normal cyclic prefix and special subframe configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2,
-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,
-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration. 

The UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals or PBCH.

Resource elements 
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 used for transmission of CSI reference signals on any of the antenna ports in the set 
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 shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is not configured, or is configured to CDM2.
Resource elements 
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 used for transmission of CSI reference signals on any of the antenna ports in the set 
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 for CSI reference signals on 16 ports shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is configured to CDM4.
The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.

Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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. Configurations 0 – 19 for normal subframes are available for both frame structure type 1 and type 2. Configurations 20 – 31 and configurations for special subframes are available for frame structure type 2 only.
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. Configurations 0 – 19 for normal subframes are available for both frame structure type 1 and type 2. Configurations 20 – 31 and configurations for special subframes are available for frame structure type 2 only.
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Figure 6.10.5.2-1: Mapping of CSI reference signals (CSI configuration 0, normal cyclic prefix)
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Figure 6.10.5.2-2: Mapping of CSI reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3
CSI reference signal subframe configuration
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Table 6.10.5.3-1: CSI reference signal subframe configuration
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