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Jung Woon Lee, Jack Smith, Zhigang Rong, Yunsong Yang, Jianmin Lu

Huawei Technologies Co., Ltd.
1. Introduction

In Session #55 in Macau, participants in the TGm DL control channel rapporteur group agreed to harmonize a set of performance criteria to evaluate and compare different DL control channel proposals.  Contribution C802.16m-08/650 has proposed a set of criteria for comparison and evaluation methodology for proposals on 802.16m DL control structure.  Subsequently, contribution C802.16m-08/651 presents analysis results based on the methodology described in C802.16m-08/650.  This contribution provides analysis of the inadequacy of the methodology in C802.16m-08/650 thereof the conclusion drawn in C802.16m-08/651.  This contribution also proposes corresponding remedies in a revised evaluation methodology which is more in-line with the industry-proved evaluation methodology [1].  Finally, this contribution presents some initial link level simulation results based on the revised simulation methodology.  
2. Analysis of the Inadequacy of the Proposed Evaluation Methodology in C802.16m-08/650
Analysis of the Proposed Evaluation method of the multiplexing schemes by using Link Level Performance and coverage (Section 3.1 of C802.16m-08/650)
From very limited description in Section 3.1 and Table 1 of C802.16m-08/650 and from the results shown in slides #3~#7 of C802.16m-08/651, one can conclude that what have been compared here are the link curves then link budget calculation of FDM and TDM multiplexing schemes, each with a 16e-like joint coding MAP. As we know joint coding of MAP has a major drawback of inefficiency in transmit power utilization, therefore suffering poor cell coverage.  Obviously, a TDM multiplexing scheme further magnifies the problem of joint coding MAP due to the fixed cap of maximum power resource.  It is conceivable that a link simulation setup and link budget calculation like this can quickly down-select between schemes of FDM with joint coding MAP and TDM with joint coding MAP.  We contend with this approach only for this effect.
However, the proposed link simulation method in Table 1 in C802.16m-08/650 doesn’t provide fair assumptions to compare a scheme of jointly coded MAP with a scheme of separately coded MAP for the following reasons:

· For separate coding based approach, the time/frequency resource allocation assumed in Table 1 seems to be quite wasteful for a separately coded MAP.
· 16e CTC performs worse than convolution code when the encoder packet size is small, say less than 96 bits, which is the case for separately coded MAP.

· Using 16e PUSC permutation and structure here for evaluating 16m control/data multiplexing scheme can allow proponents to use their existing channel estimation program in their simulation with minimum modifications.  In 16e, the MAP length is known to the MS therefore the receiver can determine the MMSE filter size (in frequency direction) properly to optimize the channel estimation performance.  In 16m, in a TDM based control/data multiplexing scheme, one can continue to use the common pilots in the adjacent RBs in the MMSE algorithm for optimal channel estimation as the common pilots are spread over the entire bandwidth.  In an FDM based 16m control/data multiplexing scheme, it is reasonable to assume the MAP or MAPs will be sent in a frequency diversity fashion where the LRCH data traffic will be inserted between segments for a particular MAP.  Therefore, the pilots in the neighboring RBs may not be used in the MMSE algorithm.  In summary, the Channel Estimation assumption in Table 1 may be suitable for TDM based multiplexing scheme and should be further restricted for an FDM based multiplexing scheme by limiting the MMSE filter to be within one RB in frequency direction.
· Regarding DL TX MIMO scheme in Table 1, STBC provides better performance than CDD.  STBC should be allowed at least for 2-symbol TDM based scheme.  Other scheme can used CDD.  Proponent should specify which MIMO scheme is used.
· C802.16m-08/650 suggests that power boosting can be allowed for FDM scheme in this link budget calculation. However, since power boosting means less power available for the data traffic and data channel is not simulated in this simulation setup, power boosting should not be used here.  Instead, power boosting can be used in a full-blown system level simulation. 

C802.16m-08/650 claims the cell coverage is simulated in a partial system level simulation.  In reality, the simulation setup described in Section 3.1.2 of C802.16m-08/650 is closer to a link budget calculation than a system level simulation for the following reasons:
· There is no description on cell-cluster structure or how to model the inter-cell interference.

· The scheduled MAPs are not transmitted over the fast-faded channel. 
· The MAP performance is not evaluated based on the received SINR and link curve look-up. 
Based on the limited description in C802.16m-08/650, the best guess one can have is that they just randomly select MSs (equivalent to a round-robin scheduler) and compute the total power budget based on the link curve and ideal knowledge of the channel (we don’t see delayed CQI report been mentioned).  Once limit of total power budget is reached, an outage is declared.  There is no MAP transmission over the fast faded channel and the performance of MAP is not evaluated.  As we know, the jointly coded MAP is transmitted in a multicast fashion where the transmit power is allocated to the worst user in the group, meanwhile the separately coded MAP is transmitted in a unicast fashion where the transmit power is allocated only towards the intended user.  When a user encounters deep fade, more transmit power per bit is needed to overcome that.  Since a joint coded MAP has more number of bits than a separately coded MAP, a joint coded MAP will suffer more from the deep fade encountered by a single user than a separately coded MAP. However, since fast fading is not simulated here, such shortcoming of joint coded MAP can not be revealed.

In summary, we conclude that the evaluation method as proposed in C802.16m-08/650 Section 3.1 is only suitable to down-select between FDM with joint coding and pure TDM with joint coding, but not suitable to further compare with any schemes that use separate coding or dynamic hybrid TDM/FDM.

Analysis of the Proposed Evaluation method of the MAP coding schemes by USCCH capacity (Section 3.2 of C802.16m-08/650)

Once again, with very limited description and without mentioning the cell-cluster structure and fast fading, we do not see this as a partial system level simulation where MAPs are transmitted over the fast-faded channel and performance are evaluated.  Our best guess is that this is a power and bandwidth budget calculation with a Round-Robin scheduler.  Without evaluating the MAP performance, one can manipulate the power margin factor to influence the outcome without being checked by the actual achievable USCCH performance. Therefore, we are not sure what can really be demonstrated here.  

Based on C802.16m-08/651, slide #9, dynamic grouping is allowed for the joint coded MAP case where in each random mobile drop, the MSs can be re-grouped.  Given the fast fading is not modeled, the power penalty on jointly coded MAP due to deep fade can not be revealed.  In addition, the overhead signaling required for switching users between groups is not specified nor captured in the simulation results.
Regarding the overhead reduction benefits claimed for joint coding scheme in C802.16m-08/650 Section 3.2.1, we noticed that according to contribution C802.16m-08_365r1, a sub-MAP header is needed for each jointly encoded group MAP, which is not captured in the proposed methodology.  Furthermore, if the RA bits and TM bits may be turn on and off, a 1-bit flag is needed for each field, therefore resulting two additional bits per user, which is not captured in the proposed methodology.  Finally, LTE MAP IE has more information fields than the simplified 16m MAP IE proposed by C802.16m-08/650.  It is pre-mature to conclude that a saving factor of 0.8 can be achieved.  In factor, LTE uses 12-bit for resource allocation, which is very close to the 11-bit proposed in C802.16m-08/650.  We still don’t see the justification of the 0.8 factor. 
3. Our Proposed Remedies for Section 3
We propose to replace Section 3 of C802.16m-08/650 with the following content:
3.1. Link Level Performance

Link level performance is used to provide link curves of USCCH and data channel for subsequent partial or full-blown system level simulation.

For the TDM or hybrid TDM/FDM mode the allocation in time domain always has two symbols, while the allocation for the FDM mode has 6 symbols, consistent with the 16m subframe size.

Either joint coding or separate coding can be used on the USCCH messages, provided the proponent indicates which method is used in the simulation and evaluation. Proponents may simulate both approaches while holding the other parameters the same to demonstrate the incremental gain of a particular technique.

The setups shown in Table 1 serve as the USCCH reference simulation configurations. 

	Parameters
	Values

	Bandwidth
	10 MHz

	FFT size
	1024

	Carrier Frequency
	2.5 GHz

	CP Length
	1/8

	Channel Model
	Pedestrian B 3 km/hr,

ITU-Vehicular A 120 km/hr,

	MAP Packet Size
	For jointly coded USCCH: [48], 96, 144, 192, 288, 384, 432, …, and so on are used for the nominal packet size of USCCH in the link level simulation. The system simulator calculates the correct number of bits as M=(N*32+16-bit CRC+5-bit Header) where N is the number of user scheduled, then interpolates the link curves between two closest nominal USCCH sizes to get the link curve for M bits for looking-up the PER in the system level simulation. 

For separately coded USCCH: 32 + 16-bit CRC

	DL Tx scheme
	2 Tx antennas, STBC or CDD as specified by the proponents

	DL Rx scheme
	2 Rx antennas

	Permutation and symbol structure
	Distributed type of resource whose subcarriers are distributed over whole bandwidth and the assigned OFDMA symbols (2 for TDM and 6 for FDM)

	Channel Coding
	16e CTC for jointly coded USCCH;

Tail Biting Convolutional code for separately coded USCCH

	MCS
	QPSK ½ with repetition factor of 01, 2, 4 and 6.

	USCCH Allocation, FDM, QPSK ½ 
	1 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 2
	2 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 4
	4 subchannel x 6 symbol

	Allocation, FDM, QPSK ½ rep 6
	6 subchannel x 6 symbol

	Allocation, TDM, QPSK ½
	3 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 2
	6 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 4
	12 subchannel x 2 symbol

	Allocation, TDM, QPSK ½ rep 6
	18 subchannel x 2 symbol

	Channel Estimation
	MMSE is based on all pilots in 2 symbols of previous and current subframe, and optimization of MMSE filter in frequency direction is allowed for TDM or hybrid TDM/FDM but should be specified.

For FDM, all pilots in one resource block are used for MMSE algorithm.


Table 1: Link level simulation parameters for USCCH

Note: For USCCH, 1 subchannel contains 8 subcarriers in frequency domain.  For example, in the case of QPSK ½ rate, one USCCH will occupy 48 subcarriers (e.g., 8 subcarriers x 6 symbol for FDM, and 24 subcarriers x 2 symbol for TDM).

For data link curves, a common set of 16e AMC data link curves can be used for all proposals. 

3.2. Partial System Level Simulation

This is an approach to use link level simulation and partial system level simulation wherein only the USCCH is simulated while data channel is not simulated to evaluate various aspects of DL control design.  By measuring the cell coverage or capacity of USCCH with certain restrictions and without capturing the interaction with the data channel as in a full-blown system level simulation, the intention of this approach is to evaluate certain aspects of DL control design in a simpler simulation environment (mostly because data channel is not simulated and no advanced scheduler is needed).  The link level performance results (according to Section 3.1) are used as inputs to this partial system level simulation.
The following two cell sizes and additional assumptions should be considered:

· EMD baseline cell size (1500 m cell-to-cell or 866 m radius).

· Larger cell configuration (5000 m radius using open rural macrocell path loss model in 3.2.3.7 of [1]).

· 57-sector cluster

· 100 randomly dropped users per sector

· Mixed channel model (i.e. each user pre-selects its channel model between PB 3kmph (with 60% probability) and VA 120kmph (with 40% probability) for generating fast fading in the system level simulation.

· RR scheduler is used to select users for USCCH transmission

· For joint-coding based multiplexing scheme, 4 user groups are assumed.  Users are assigned into 4 groups based on user geometry.  If the user can switch between user groups during the simulation, the group switching signaling overhead should be modeled correctly (with a reasonable target error rate or actually model the error event and error handling).  The power allocation is based on the target PER of USCCH (e.g. 10^-2) for the worst user of each user group.  The worst user of each user group is determined based on the delayed CQI feedback.  The MAP IE size for each user group can be determined dynamically.

· For separate-coding based multiplexing scheme.  The power allocation is based on the target PER of USCCH (e.g. 10^-2) for each selected user and based on its delayed CQI feedback.

· The RR scheduler stops adding new users into the scheduled user pools when the power limitation is reached. For TDM based multiplexing scheme, the power limitation is the full BS power within 2 symbols. For FDM based multiplexing scheme, the power limitation is 1/3 of full BS power within 6 symbols.  The full BS transmit power is 46dBm. Since power boosting means less power available for the data traffic and data channel is not simulated in this setup, power boosting should not be used here.  Instead, power boosting can be used in a full-blown system level simulation as described in Section 4.

· The scheduled USCCH messages are transmitted over the faded channels and performance of each USCCH transmission for each intended user is evaluated based on the received SINR and corresponding link curves. 

The main advantage of this simulation setup is its simplicity.  Proponents can evaluate certain aspects of various proposals based on USCCH performance alone without complex simulation that involves data channel simulation and a realistic scheduler that is based on channel feedback and fairness factor calculation.  It may be suitable for comparison between some rigid schemes, such as pure FDM with joint coding and pure TDM with joint coding.  However, without simulating the interaction between control and data, without a realistic scheduler, without capturing the dynamic resource (time/frequency/power) sharing between control and data zones, it is not suitable to be used for comparison between FDM and hybrid TDM/FDM.

3.3. Full-blown System Level Simulation
In full-blown SLS, both control and data channels are modeled. The outputs of the system level simulation include:

· Average Sector throughput

· Cell edge users (i.e. lower 5 percentile users) average throughput

· User throughput distribution (for fairness)

· Average data packet delay

· Cell edge users average data packet delay

· User average data packet delay distribution

· Outage
USCCH frequency of 1, 2, and 4 can be used in the system level simulation, provided the proponent indicates which value is used in the simulation and evaluation. Proponents may simulate more than one value while holding the other parameters the same to demonstrate the incremental gain of a particular approach.

To determine the impact of the USCCH performance on system capacity, full buffer data simulations should be performed using the following assumptions:

	Parameters
	Values

	Bandwidth
	10 MHz

	FFT size
	1024

	Carrier Frequency
	2.5 GHz

	Channel Model
	Mixed of 60% users of Pedestrian B 3 km/hr and 40% users of ITU-Vehicular A 120 km/hr,

	DL Tx scheme
	2 Tx antennas, STBC or CDD same as used in the link level simulation

	DL Rx scheme
	2 Rx antennas

	Permutation and symbol structure
	16e band AMC permutation

	Scheduling
	proportional fairness with latency timescale of 1.5 s

	Partitioning
	traffic bandwidth evenly divided into 6 partitions within each subframe


Table 2: System-Level capacity simulation parameters
The link level performance results (according to Section 3.1) are used as inputs to system level simulation. Interpolation is used to obtain the link curve for the effective code rate for a particular transmission. The following two cell sizes and additional assumptions should be considered:

· EMD baseline cell size (1500 m cell-to-cell or 866 m radius).

· Larger cell configuration (5000 m radius using open rural macrocell path loss model in 3.2.3.7 of [1]).

· 57-sector cluster

· 100 randomly dropped users per sector

· Mixed channel model (i.e. each user pre-selects its channel model between PB 3kmph (with 60% probability) and VA 120kmph (with 40% probability) for generating fast fading in the system level simulation.

· Fairness (based on delay CQI feedback and fairness factor calculation) scheduler is used to select users for USCCH and data transmission

· For joint-coding based multiplexing scheme, 4 user groups are assumed.  Users are assigned into 4 groups based on user geometry.  If the user can switch between user groups during the simulation, the group switching signaling overhead should be modeled correctly (with a reasonable target error rate or actually model the error event and error handling).  The power allocation is based on the target PER of USCCH (e.g. 10^-2) for the worst user of each user group.  The worst user of each user group is determined based on the delayed CQI feedback.  The MAP IE size for each user group can be determined dynamically.

· For separate-coding based multiplexing scheme.  The power allocation for USCCH is based on the target PER of USCCH (e.g. 10^-2) for each selected user and based on its delayed CQI feedback.

· The fairness scheduler stops adding new users into the scheduled user pools when the bandwidth or power limitation is reached.  

· For all multiplexing schemes, USCCH power boosting is allowed but shall be limited to [e.g. 3dB] over data channel. Power allocation on the DL for both the USCCH messages and data are based on the delayed CQI feedback and target PER.  The target PER of data packet can be chosen by the proponents but should be specified in order to allow cross-check.  Proponent should specify what power allocation margins are used if such margins are used in the system level simulation.

· The scheduled USCCH messages and the scheduled data traffic are transmitted over the faded channels.

· The performance of each USCCH transmission for each intended user is evaluated based on the received SINR and corresponding link curves.

· If the USCCH message is received successfully, the performance of the associated data traffic is evaluated based on the received SNR and corresponding link curves,

· For TDM, all usable frequency subcarriers of either one or two symbols can be used for USCCH (and the rest symbols for data) dynamically in the system level simulation.

· For hybrid TDM/FDM, a fraction (e.g. 1/3, 1/2, 2/3, 5/6, and 1) of the total number of usable frequency subcarriers of two symbols can be used for USCCH (and the rest usable subcarriers and symbols for data) dynamically in the system level simulation.

· For FDM, the need of mid-amble should be captured in the system level results (e.g. by scaling down by a factor). For jointly encoded approach, the additional overhead of group switching is not modeled in the system level simulation, the amount of such overhead should be specified and captured in the system level results (e.g. by scaling down by a factor).

3.4. Other simulation assumptions

Proponent should specify and justify if any additional simulation assumptions are used.

3.5. Test cases

The following combination of system level simulation test cases are possible: 2 cell sizes; 3 USCCH frequencies; 3 multiplexing schemes; and 2 MAP coding schemes.  A proponent may choose a subset of the test cases to demonstrate one particular aspect of their design.  

----------------------------------------

End of proposed Section 3 content.

4. Preliminary Simulation Results Based on Revised Methodology
Link Level Simulation Assumptions
· Carrier frequency: 2.5 GHz

· System BW: 10 MHz

· Channel Model: ITU Ped. B (3km/h) and Veh. A (120km/h,)

· MIMO Configuration: 2x2 with STBC

· Tail Biting Convolutional Code

· Pilot is boosted with 3dB

· Packet size and Modulation: 

· QPSK: 48 (including 16 bits CRC)

· Resource allocation 

· TDM: Control data is evenly distributed over two OFDMA symbols

· FDM: Control data is evenly distributed over six OFDMA symbols
· Channel Estimation

· FDM

· 2D-MMSE CE with one PRU

· 3.7 μsec delay spread with equal power and Doppler frequency corresponding to mobile speed
· TDM
· 2 stage MMSE CE

· MMSE-based CE on frequency domain with filter length 6 (common pilots of next tile are used too)

· MMSE-based CE on time domain with 4 OFDM symbol (2 in previous + 2 in current)

· 3.7 μsec delay spread with equal power and Doppler frequency corresponding to mobile speed

Link Level Simulation Results

[image: image1]

[image: image2]
5. Proposed Way Forward

Step 1: Use partial system level simulation as in the proposed section 3.2 to compare and down-select between pure FDM with joint coding and pure TDM with joint coding. [Target finish: during July meeting or between July and Sept meeting]
Step 2: Use full-blown SLS as described in the proposed section 3.3 to compare and down-select among the winner of step 1, FDM with separate coding, and hybrid TDM/FDM with separate coding. [Target finish: between July and Sept meeting or during Sept meeting]. The test cases can be reduced to a total of 6 cases: one cell size (baseline cell size), 2 USCCH frequency (1 or 4), winner of step 1 vs. FDM with separate coding vs. hybrid TDM/FDM with separate coding.

Pro: 

· allow us to make some quick decision in step one between more rigid schemes such as pure FDM with joint coding and pure TDM with joint coding, therefore reducing the number of test cases for step two

· allow us time to careful study and evaluate more flexible schemes such as hybrid TDM/FDM and separate coding in step two with reduced number of test cases

Con:

· more technical work
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[image: image4.emf]Control Data FER (2x2 STBC, VehA 120km/h)
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