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1
Introduction
In this document, we analyze the overhead of downlink control channels needed to support E-UTRA downlink and uplink shared data channels in the 5MHz and 10MHz bandwidth.
Aside from the low-rate downlink overhead channels transmitted once in a while, which includes downlink common control channel, synchronization channel, paging indicator channel, power control channel, and load indicator channel,  there are four major sources of downlink overhead:

· Common pilot channel (CPICH)

· ACKCH for UL shared data channel

· Control channel for demodulation of DL shared data channel (named as SDCCH[1])

· Control channel for demodulation of UL shared data channel (named as SUACH[1])

We analyze the overhead of these four channels in the following sections. The downlink overhead associated with common control, synchronization, power control and load indicator channels is not discussed in this document.
In the analysis we assumed 1 transmit antenna and 2 receive antennas in UE and 2 transmit antennas and 2 receive antennas in Node B. Thus, maximum 2 SU-MIMO or SDMA layers can share the same time-bandwidth resource in the downlink and maximum 2 UEs can share the same time-bandwidth resource through SDMA in the uplink. We also assumed that the bandwidth of resource block (RB) is 375 kHz [2] and each sub-band is composed of 4 consecutive RBs [3]. Furthermore, synchronous non-adaptive HARQ is assumed both for downlink and uplink. 
2
System Parameters

Table 1 shows the system parameters assumed for the overhead analysis. In the following sections we quantify how much portion of the available time-bandwidth resource should be allocated to each overhead channel. 
	
	5MHz
	10MHz

	Slot duration
	0.5ms
	0.5ms

	TTI
	0.5 ms
	0.5 ms

	Symbols / Slot
	7
	7

	FFT size
	512
	1024

	Tone spacing
	15 KHz
	15 KHz

	Useful tones per symbol
	300
	600

	Guard tones per symbol
	212
	424

	Number of Resource blocks in frequency
	12
	24

	Number of sub-bands
	3
	6


Table 2
System parameters
3
Pilot Channel

To support two MIMO or SDMA layers, we need two sets of orthogonal broadband common pilots. According to the agreement in TR 25.814, we assume that every 6th tone of the 1st and the 4th symbols is allocated to the common pilot channel for the each transmit antenna. Table 2 shows the resulting pilot overhead.
When precoding is applied to the downlink shared data channel, we may either transmit dedicated pilots or inform the corresponding UE of the precoding matrix index. In the analysis we assumed the latter approach, thus there is no overhead for dedicated pilot. 

	
	5MHz
	10MHz

	Pilot tones per slot for the 1st antenna 
	100
	200

	Pilot tones per slot for the 2nd antenna 
	100
	200

	Pilot overhead per TTI
	9.5%
	9.5%


Table 2
Pilot overhead
4
SDCCH

Table 3 and Table 4 show the overhead for SDCCH for 5MHz and 10MHz bandwidth, respectively. 
For the analysis, we assumed the selective virtual antenna permutation (S-VAP) [4] as the reference E-UTRA MIMO scheme. 
· The first 5 bits of MCS field specify 1 transmit format out of 32 candidates for the base MIMO layer
· The second 3 bits specify the offset of the transmit format of the 2nd MIMO layer relative to the base MIMO layer or the selected virtual antenna. The 3 bits range from -2 to 5, where -1 indicates that only the 1st  virtual antenna is used, -2 indicates that only the 2nd virtual antenna is used, and an index between 0 and 5 indicates that two virtual antennas are used with the offset of the transmit format of the 2nd layer being specified by the index. 
We also assumed that all the resource blocks allocated to a UE use the same MCS for a given MIMO layer, and the resource blocks allocated for two MIMO layers should be identical.
The BLER analysis of the SDCCH is shown in [5].

On the other hand, SDCCH can be used as a paging indicator or a measurement indicator, which are described in Tables 3a-3b for 5 MHz and Tables 4a-4b for 10 MHz. The SDCCH for the paging indicator delivers the LSBs of the UE RNTI to trigger a random access procedure of the corresponding UE. The SDCCH for the measurement indicator can be distinguished from the other SDCCHs by setting the 5-bit MCS field for the base layer to a reserved word for measurement request. 
	
	Bitwidth
	Note

	Resource block (RB) assignment
	9
	3 bits (allocated sub-band map) + 2 bits (starting RB ID in the first sub-band) + 2 bits (ending RB ID in the last sub-band) + 2 bits (spacing of allocated RBs)

	MCS
	8
	5 bits (MCS for base layer) + 3 bits (differential MCS for the 2nd layer or virtual antenna selection)

	Duration of assignment
	1
	Persistency of assignment

	Precoding Matrix ID
	3
	8 precoding matrices are available for SDMA 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Allocated tones per SDCCH
	60
	QPSK (120 rate-matched bits, effective code rate = 0.31)

	Overhead per SDCCH per TTI
	2.9%
	60/2100


Table 3
Overhead for SDCCH for 5MHz bandwidth
	
	Bitwidth
	Note

	UE ID
	21
	LSB of UE ID 

	CRC
	16
	CRC


Table 3a
SDCCH for 5MHz bandwidth used for paging indicator
	
	Bitwidth
	Note

	Measurement Item
	16
	TBD

	Measurement Request
	5
	Measurement request indicator through a special entry of the MCS for base layer

	CRC/UE ID
	16
	CRC masked by UE MAC ID


Table 3b
SDCCH for 5MHz bandwidth used for measurement indicator
	
	Bitwidth
	Note

	Resource block (RB) assignment
	12
	6 bits (allocated sub-band map) + 2 bits (starting RB ID in the first sub-band) + 2 bits (ending RB ID in the last sub-band) + 2 bits (spacing of allocated RBs)

	MCS
	8
	5 bits (MCS for base layer) + 3 bits (differential MCS for the 2nd layer or virtual antenna selection)

	Duration of assignment
	1
	Persistency of assignment

	Precoding Matrix ID
	3
	8 precoding matrices are available for SDMA 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Allocated tones per SDCCH
	60
	QPSK (120 rate-matched bits, effective code rate = 0.33)

	Overhead per SDCCH per TTI
	1.4%
	60/4200


Table 4
Overhead for SDCCH for 10MHz bandwidth

	
	Bitwidth
	Note

	UE ID
	24
	LSB of UE ID

	CRC
	16
	CRC


Table 4a
SDCCH for 10MHz bandwidth used for paging indicator
	
	Bitwidth
	Note

	Measurement Item
	19
	TBD

	Measurement Request
	5
	 Measurement request by a special entry of the MCS for base layer

	CRC/UE ID
	16
	CRC masked by UE MAC ID


Table 4b
SDCCH for 10MHz bandwidth used for measurement indicator
5
SUACH

Table 5 and Table 6 show the overhead for SUACH for 5MHz and 10MHz bandwidth, respectively. For the analysis, we assumed that all the resource blocks allocated to a UE use the same MCS. Pilot resource indication is necessary as Node-B needs to coordinate the pilots of two UEs sharing the same time-bandwidth resource through SDMA for uplink shared data channel. The 2 bits indicate whether the pilot subset 1, pilot subset 2, or both are allocated.
The BLER analysis of SUACH is shown in [6].
	
	Bitwidth
	Note

	Resource block (RB) assignment
	9
	3 bits (allocated sub-band map) + 2 bits (starting RB ID in the first sub-band) + 2 bits (ending RB ID in the last sub-band) + 2 bits (spacing of allocated RBs)

	MCS
	5
	32 MCS choices

	Duration of assignment
	1
	Persistency of assignment

	Pilot resource indication
	2
	To support both SDMA and single user transmission 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Allocated tones per SUACH
	50
	QPSK (100 rate-matched bits, effective code rate = 0.33)

	Overhead per SUACH per TTI
	2.4%
	50/2100


Table 5
Overhead for SUACH for 5MHz bandwidth

	
	Bitwidth
	Note

	Resource block (RB) assignment
	12
	6 bits (allocated sub-band map) + 2 bits (starting RB ID in the first sub-band) + 2 bits (ending RB ID in the last sub-band) + 2 bits (spacing of allocated RBs)

	MCS
	5
	32 MCS choices

	Duration of assignment
	1
	Persistency of assignment

	Pilot resource indication
	2
	To support both SDMA and single user transmission 

	CRC/UE ID
	16
	CRC masked by UE MAC ID

	Allocated tones per SUACH
	50
	QPSK (100 rate-matched bits, effective code rate = 0.36)

	Overhead per SUACH per TTI
	1.2%
	50/4200


Table 6
Overhead for SUACH for 10MHz bandwidth
6
ACK Channel

We assume that 1-bit ACK/NACK information is coded by (12, 1) repetition code and sent over 6 tones. Table 6 shows the corresponding overhead
	
	5MHz
	10MHz

	Allocated tones per ACKCH 
	6
	6

	Overhead per ACKCH per TTI
	0.29%
	0.14%


Table 7
Overhead for ACKCH for 5MHz and 10MHz bandwidth
7
Conclusions 

In this document we analyzed the time-bandwidth overhead required for CPICH, SDCCH, SUACH, and ACKCH in E-UTRA. Assuming that TTI corresponds to 1 slot and 2 OFDM symbols in a slot are fully allocated to these overhead channels, we can simultaneously accommodate downlink and uplink users that are shown in Table 8. The other combinations are also possible. 

	
	5MHz
	10MHz

	DL Users
	6 SDCCHs + 6 ACKCHs
	13 SDCCHs + 3 ACKCHs
12 SDCCHs + 13 ACKCHs

	UL Users
	8 SUACHs + 0 ACKCH

7 SUACHs + 8 ACKCHs
	16 SUACHs + 0 ACKCH
15 SUACHs + 8 ACKCHs

14 SUACHs + 16 ACKCHs

	DL+UL Users
	5 SDCCHs + 1 SUACH + 8 ACKCHs

5 SDCCHs + 2 SUACHs + 0 ACKCH
4 SDCCHs + 3 SUACHs + 1 ACKCHs

3 SDCCHs + 4 SUACHs + 3 ACKCHs

2 SDCCHs + 5 SUACHs + 5 ACKCHs

1 SDCCH + 6 SUACHs + 6 ACKCHs


	9 SDCCHs + 5 SUACHs + 1 ACKCHs

8 SDCCHs + 6 SUACHs + 3 ACKCHs

7 SDCCHs + 7 SUACHs + 5 ACKCHs

6 SDCCHs + 8 SUACHs + 6 ACKCHs

5 SDCCHs + 9 SUACHs + 8 ACKCHs



	Total Overhead
	28.5% (2/7)
	28.5% (2/7)


Table 8
DL Pilot + Control Overhead – 2 Tx Antennas at Node-B
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