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4.2
Frame structure type 2
Frame structure type 2 is applicable to TDD. Each radio frame of length 
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each. Each half-frame consists of five subframes of length
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The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframe in a radio frame, "D" denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS. 
The length of DwPTS and UpPTS is given by Table 4.2-1 subject to the total length of DwPTS, GP and UpPTS being equal to
[image: image4.wmf]ms

 

1

0720

3

s

=

×

T

. Each subframe  
[image: image5.wmf]i

is defined as two slots, 
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in each subframe.  

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.

In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe exists in both half-frames.

In case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe exists in the first half-frame only.

Subframes 0 and 5 and DwPTS are always reserved for downlink transmission. UpPTS and the subframe immediately following the special subframe are always reserved for uplink transmission. 
In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.
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Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)

Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)

	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink
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Table 4.2-2: Uplink-downlink configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


5.5.3.2
Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor 
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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 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 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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 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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 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 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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 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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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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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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6.7.4
Mapping to resource elements

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. Let 
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 denote symbol quadruplet 
[image: image160.wmf]i

 for antenna port
[image: image161.wmf]p

. For each of the antenna ports, symbol quadruplets shall be mapped in increasing order of 
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 to the four resource-element groups in the first OFDM symbol in a downlink subframe or DwPTS with the representative resource-element as defined in clause 6.2.4 given by
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where the additions are modulo 
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 is the physical-layer cell identity as given by clause 6.11. 
6.9
Physical hybrid ARQ indicator channel

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements constitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal sequences. A PHICH resource is identified by the index pair 
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 is the PHICH group number and 
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For frame structure type 1, the number of PHICH groups 
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For frame structure type 2, the number of PHICH groups may vary between subframes and is given by 
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Table 6.9-1: The factor 
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 for frame structure type 2

	Uplink-downlink
configuration
	Subframe number 
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	2
	1
	-
	-
	-
	2
	1
	-
	-
	-

	1
	0
	1
	-
	-
	1
	0
	1
	-
	-
	1

	2
	0
	0
	-
	1
	0
	0
	0
	-
	1
	0

	3
	1
	0
	-
	-
	-
	0
	0
	0
	1
	1

	4
	0
	0
	-
	-
	0
	0
	0
	0
	1
	1

	5
	0
	0
	-
	0
	0
	0
	0
	0
	1
	0

	6
	1
	1
	-
	-
	-
	1
	1
	-
	-
	1


6.10
Reference signals
Six types of downlink reference signals are defined:

-
Cell-specific Reference Signal (CRS)
-
MBSFN reference signal

-
UE-specific Reference Signal (DM-RS) associated with PDSCH

-
DeModulation Reference Signal (DM-RS) associated with EPDCCH
-
Positioning Reference Signal (PRS)

-
CSI Reference Signal (CSI-RS)
There is one reference signal transmitted per downlink antenna port. 
6.10.1
Cell-specific Reference Signal (CRS)
Cell-specific reference signals shall be transmitted in 
-
all downlink subframes for frame structure type 1,
-
all downlink subframes and DwPTS for frame structure type 2
in a cell supporting PDSCH transmission. 
Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are defined for 
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6.10.4.3
Positioning reference signal subframe configuration

The cell specific subframe configuration period 
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 for the transmission of positioning reference signals are listed in Table 6.10.4.3-1. The PRS configuration index 
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 is configured by higher layers. Positioning reference signals are transmitted only in configured DL subframes. Positioning reference signals shall not be transmitted in DwPTS. Positioning reference signals shall be transmitted in 
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 consecutive downlink subframes, where 
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The positioning reference signal instances, for the first subframe of the 
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Table 6.10.4.3-1: Positioning reference signal subframe configuration 
	PRS configuration Index 
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	PRS periodicity 
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	PRS subframe offset 
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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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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. 

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 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. 

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(s) 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.

The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.
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