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1
Introduction
In [1], we outlined the set of physical channels that need to be supported in E-UTRA uplink. For the sake of simplicity, these channels are summarized again below: 
· Random Access Channel (RACH): Allows initial access. Used for uplink layer 1 synchronization and request of uplink scheduled resource assignment.

· Broadband Pilot Channel (BPICH): Provides pilot tones across an entire system bandwidth. Used as a reference signal to enable sub-band scheduling. 
· Channel Quality Indicator Channel (CQICH): Provides downlink channel quality information to Node B, for selected set of virtual antennas. Used for scheduling and link adaptation. It could also be considered as a reference signal for uplink sub-band scheduling and intra-cell power control.
· Antenna Subset Indicator Channel (ASICH): Carries an index that identifies selected virtual antenna subset or pre-coding matrix at Node B. 

· Request Channel (REQCH): Carries UE’s requests for UL resources assignments. UL requests could also be sent in-band on SDCH if such channel is assigned to UE.

· Shared Data Channel (SDCH): Carries scheduled user data. 

· Acknowledgment Channel (ACKCH): ACK/NAK transmission for associated DL data channel.

In this document, we analyze the overhead associated with all the channels RACH, BPICH, CQICH, ASICH, ACKCH and REQCH. The corresponding link simulations are described elsewhere in [2][3][4][5][6]. 

In [3][4][5][6], we proposed a new sub-frame structure for evaluation and is shown in Figure 2.

The new proposed structure allows for the following:

· TDM separation of UL control and data channels

· UL control information and associated pilot sent on first two SB

· UL shared data and associated pilot sent on remaining blocks of sub-frame

· Preserves low PAPR properties of a SC-FDM waveform
· One-to-one correspondence between UL control and the associated pilot symbols

· The “tone” bandwidth of UL control and the associated pilot is 30 KHz
· Allows for orthogonal FDM pilot multiplexing between users for control information

The overhead computation is done for both sub-frame formats in the subsequent text.
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Figure 1

Sub-Frame Structure in TR 25.814 – SF-I
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Figure 2

New Sub-Frame Structure – SF-II
2
Analysis
2.1
ACKCH
A tri-state decoder allows the Node-B to infer whether the associated downlink assignment grant was missed or not.

Based on the tri-state IFDM results outlined in [3], it is seen that at least 90 KHz is needed for each ACKCH if it is transmitted in one sub-frame.

Assuming that each resource block in the downlink spans 375 KHz (25-tones), there is a need for a maximum of {3, 6, 12, 24, 18, 48} orthogonal ACK channels in the uplink for a DL system bandwidth of {1.25, 2.5, 5, 10, 15, 20} MHz.
2.2
CQICH

Based on the [24, 8] code outlined in [4], it is seen that 360 KHz is needed for each CQICH if it is transmitted in one sub-frame. 

Each UE in LTE_ACTIVE state reports the CQI with a certain periodicity. Based on the results shown in [7], it is seen that a reporting period of 2.5ms has no impact on system capacity in the deployment scenarios outlined in TR 25.814.

2.3
BPICH

The CQICH structure outlined in [4] assumes an IFDM waveform with an associated pilot. This pilot serves both as a phase reference for coherent demodulation of CQICH and as a BPICH for frequency selective scheduling. 
Therefore, there is no additional overhead for the BPICH if SF-II structure is adopted.

2.4
ASICH
Based on the [12, 4] code outlined in [5], it is seen that 180 KHz is needed for each ASICH if it is transmitted in one sub-frame.

Note that in 2x2 scenario, the ASICH might be needed only for those UEs configured in pre-coded SDMA or pre-coded SU-MIMO. In the 4x2 and 4x4 scenarios, the ASICH is always needed.
Each UE in LTE_ACTIVE state reports the ASI with a certain periodicity which can be the same as or different from CQICH.
2.5
REQCH

Based on the [72, 29] code outlined in [6], we will assume that at most 60 KHz is needed for REQCH if it is transmitted evenly over 10ms.
Each UE in LTE_ACTIVE state requests permission to transmit on the REQCH if it has not been granted any resources on the UL shared data channel. 

Further, the resources allocated to the REQCH are shared by multiple users. Multiple REQCH may be configured in the system with a group orthogonal structure.

3
Overhead 
3.1
Sub-Frame Structure I

3.1.1
Issues

SF-I outlined in TR 25.814 has issues when one considers multiplexing of UL control and data. 

These problems are illustrated with an example:

· First LB dedicated to control

· First SB dedicated for associated pilot for both control and possibly data (shared by both users)

· Remaining five LB dedicated to data

The following issues are seen:
· Each 30 KHz carrier in the second SB needs to be shared by at least two users transmitting control information in the first SB and potentially users transmitting data on the remaining LBs
· Impacts the link performance of the control channels due to lower SNR on the associated pilot

· For each user transmitting data on the SDCH on the subsequent blocks in a sub-frame, only one remaining SB contains orthogonal pilots

· Impacts the link performance of SDCH

· If the pilot sent in first SB is shared between users transmitting on SDCH and users transmitting control information in the first SB, it also impacts the link performance of SDCH
· Potential impact on BPICH structure
This does not allow for an orthogonal FDM pilot structure for control and data.
3.1.2
Number of Users

Table 1 outlines the number of users than can be supported using sub-frame structure I. 

Note that this does not take into account the issues with sub-frame structure I and therefore represent a very optimistic upper bound.
	Number of Users
	Periodicity

	
	ACKCH
	CQICH
	ASICH
	REQCH
	Number of Orthogonal 

REQCH

	58
	0.5 ms
	2 ms
	2 ms
	10 ms
	1

	56
	0.5 ms
	2 ms
	2 ms
	10 ms
	5

	113
	0.5 ms
	4 ms
	4 ms
	10 ms
	5

	170
	0.5 ms
	4 ms
	-
	10 ms
	5

	255
	0.5 ms
	6 ms
	-
	10 ms
	5

	425
	0.5 ms
	10 ms
	-
	10 ms
	5


Table 1

Sub-Frame Format – I 
3.2
Sub-Frame Structure II

3.2.1
Issues
Due to an orthogonal separation between control and data segments, there is no impact on the link performance of any of the control or data channels.
· First SB dedicated for control

· Second SB dedicated for associated pilot for control sent in first SB
· Five LB dedicated for data

· Remaining two SB dedicated for data associated pilot

The structure allows for separate orthogonal FDM pilot structures for both control and data.

3.2.2
Number of Users
Table 2 outlines the number of users that can be supported with the new sub-frame structure.
	Number of Users
	Periodicity

	
	ACKCH
	CQICH
	ASICH
	REQCH
	Number of Orthogonal 

REQCH

	24
	0.5 ms
	2 ms
	2 ms
	10 ms
	1

	23
	0.5 ms
	2 ms
	2 ms
	10 ms
	5

	49
	0.5 ms
	4 ms
	4 ms
	10 ms
	1

	70
	0.5 ms
	4 ms
	-
	10 ms
	5

	175
	0.5 ms
	10 ms
	-
	10 ms
	5

	187
	0.5 ms
	10 ms
	-
	10 ms
	1

	280
	0.5 ms
	15 ms
	-
	10 ms
	1


Table 2
Sub-Frame Format – II 
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