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Modifications to Appendix I: Overhead Calculations 

Hujun Yin, Yang-seok Choi, Sassan Ahmadi and Roshni Srinivasan
Intel Corporation
Introduction
Appendix I currently contains bracketed text. This contribution proposes modifications (indicated by strikethrough and red color) to text from section I-1 for inclusion in Appendix I and deletion of bracketed text in section I-2.
It is also proposed that the title of the Appendix be changed to “Modeling of Overhead Channels and Signaling Errors”

Proposed Text for Appendix I
[

I-1. Overhead Channels
I-1.1. Dynamic Simulation of the Downlink Overhead Channels

Dynamic simulation of the overhead channels is essential to capture the dynamic nature of these channels. The simulations should be done as follows: 

The performance of the overhead channels should be included in the system level simulation results unless the overhead channel is taken into account as part of fixed overhead e.g., if an overhead channel is time division multiplexed, and takes all the bandwidth, the percentage of time used translates into the same percentage decrease in the throughput.

There are two possible types of overhead channels depending on the proposal:  static and dynamic. A static overhead channel requires fixed base station power and bandwidth. A dynamic overhead channel requires dynamic base station power and (or) bandwidth.
Layer 1 (L1) and Layer 2 (L2) overhead should be accounted for in time and frequency for the purpose of calculation of system performance metrics such as spectral efficiency, user throughput, etc. Examples of L1 overhead include synchronization, guard and DC subcarriers, guard/switching time (in TDD systems), pilots and cyclic prefix. Examples of L2 overheads include common control channels, HARQ ACK/NACK signaling, channel feedback, random access, packet headers and CRC. It must be noted that in computing the overheads, the fraction of the available physical resources used to model control overhead in L1 and L2 should be accounted for in a non-overlapping way. Power allocation/boosting should also be accounted for in modeling resource allocation for control channels.

The demodulation performance (i.e., frame error rate) of the downlink control channel could be assessed using the link abstraction method used to model traffic channels, with proper modifications, if necessary, to reflect any difference in the transmission or coding format of the control channel.

[The link level performance should be evaluated off-line by using separate link-level simulations.  The performance is characterized by curves of detection, miss, false alarm, and error probability (as appropriate) versus Eb/No (or some similar metric depending on the interface between the link and system simulations).

The system level simulations need not directly include the coding and decoding of overhead channels.  The link level performance should be evaluated off-line by using separate link-level simulations.  The link level performance is characterized by curves of detection, miss, false alarm, and error probability (as appropriate). There are two aspects that are important for the system level simulation:  the required Ec/Ior (or some similar metric depending on the interface between the link and system simulations) during the simulation interval, and demodulation performance (detection, miss, and error probability — whatever is appropriate).] 

For static overhead channels, the system simulation should compute the received [Eb/No (or similar metric)] [SINR] and predict the demodulation performance.

For dynamic overhead channels with open-loop control (if used), the simulations should take into account the estimate of the required downlink power or bandwidth that may be needed to be transmitted to the mobile station for transmission of the overhead channels.  During the reception of overhead information, the system simulation should compute the received [SINR] [Eb/No (or similar metric)].

Once the received [SINR] [Eb/No (or similar metric)] is obtained and the frame error rate is predicted, then the various miss error events should be determined.  The impact of these events should then be modeled.   The false alarm events are evaluated in link-level simulation, and the simulation results shall be included in the evaluation report. The impact of false alarm, such as delay increases and throughput reductions for both the downlink and uplink, shall  the impact of the detection, miss, false alarm, error probability should be appropriately taken into account in system-level simulation. 
All overhead channels should be modeled or accounted for.

If a proposal adds messages to an existing channel (for example sending control on a data channel), the proponent should justify that this can be done without creating undue loading on this channel. The system level and link level simulation required for this modified overhead channel as a result of the new messages should be performed according to 3) and 4), respectively.

I-1.2. Uplink Modeling in Downlink System Simulation
The proponents should model feedback errors (e.g. power control, acknowledgements, rate indication, etc.) and measurements (e.g. C/I measurement). In addition to supplying the feedback error rate average and distribution, the measurement error model and selected parameters, the estimated power level required for the physical reverse link channels should be supplied. 

I-1.3. Signalling Errors

Signaling errors should be modeled and specified as in the following table.

	Signaling Channel
	Errors
	Impact

	ACK/NACK channel

(if proposed)
	Misinterpretation, missed detection, or false detection of the ACK/NACK message
	Transmission (frame or encoder packet) error or duplicate transmission

	Explicit Rate Indication

(if proposed)/ mode selection
	Misinterpretation of rate / mode selection
	One or more Transmission errors due to decoding at a different rate (modulation and coding scheme) or selection of a different mode

	User identification channel

(if proposed)
	A user tries to decode a transmission destined for another user; a user misses transmission destined to it.
	One or more Transmission errors due to HARQ/IR combining of wrong transmissions 

	Rate or C/I feedback channel 

(if proposed)
	Misinterpretation of rate or C/I 
	Potential transmission errors

	Transmit sector indication, transfer of H-ARQ states etc.

(if proposed)
	Misinterpretation of selected sector; misinterpretation of frames to be retransmitted.
	Transmission errors


Table 1: Signaling Errors

Proponents should quantify and justify the signaling errors and their impacts in the evaluation report.  

]

[

I-2. Calculation of Overhead
I-2.1. Calculation of L1 overhead

The L1 overhead shall be accounted for the purpose of calculation of system performance metrics such as spectral efficiency, user throughput, etc. The following are the list of L1 overhead that shall be accounted for in the overhead calculation:

1. Number of sub-carriers that carry preamble (Npreamble)

2. Number of sub-carriers that are used as the guard carriers and DC sub-carrier (Nguard).

3. Number of sub-carriers that are assigned to the TX/RX switching points (Ngap) (for TDD duplex scheme only).

4. Number of sub-carriers that are used to carry pilots (Npilot) in downlink or uplink sub-frame.

5. The cyclic prefix (CP) or the guard interval (GI) is accounted for through the actual number of OFDM symbols within a frame.

Given transmission bandwidth (BW) and sub-carrier spacing (1/T when there is no cyclic prefix), the ideal number of sub-carriers per OFDM symbol becomes
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However, due to L1 overhead, the actual number of available sub-carriers (N) over a frame and the transmission bandwidth will be smaller than M. 
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As an example in IEEE 802.16e reference system, M=10  MHz * 5 ms = 50000. Using DL PUSC, 47 OFDM symbols are available (including the preamble and cyclic prefix overhead). The number of usable sub-carriers for both data and pilot is 840*47 including the effect of guard sub-carriers. In PUSC, the number of pilots is 840*47/56*8=5640. Thus, N is equal to 840*47*48/56=33840. Hence, the L1 overhead becomes 32.3%. 

I-2.2. Calculation of L1+L2 overhead

The L2 overhead includes the following:

1. The number of OFDM symbols (or sub-carriers) that are used for MAP

2. The average number of ODFM symbols (or sub-carriers) that are used for system configuration information (FCH, DCD/UCD).

3. The number of OFDM symbols (or sub-carriers) that are used for ACK/NACK,

4. The number of OFDM symbols (or sub-carriers) that are used for CQICH, 

5. The number of OFDM symbols (or sub-carriers) that are used for Ranging

Let L denote the number of sub-carriers over a frame and the bandwidth excluding L2 overhead such as MAP, control channel, etc. Then, the L1+L2 overhead is defined


[image: image5.wmf]100

2

1

´

-

=

+

M

L

M

L

L

overhead

 in %.

The L2 overhead can be written as


[image: image6.wmf]100

2

´

-

=

N

L

N

L

overhead

 in %.

Note that
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