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1. Introduction 

In an OFDM-based multicast system, careful modulation and coding state (MCS) selection is important to improve spectrum efficiency. In [1], it was shown that in the single cell case, it is better to use a conservative MCS due to the low SINRs at the edge of coverage. However, in the multicell single frequency network (SFN) case, it is better to use a more aggressive MCS due to the higher SINR at the edge of coverage. Therefore, it is observed that the dynamic range for the best MCS state is quite large.  Hence, in different MBMS transmission scenarios, a suitable MCS state should be determined.   

Two basic approaches seem possible to determine the MCS states: the MCS states could be predetermined or they could be determined using UE feedback.  The predetermined approach may be adequate if there are a small number of fixed transmission configurations and interference conditions.  As the number of configurations increases, UE feedback would seem to be beneficial for RRM purposes and to support more flexible areas of coverage for MBMS services.  

In this contribution, we consider an MCS determination mechanism for MBMS that is closely related to the counting mechanism used in R6 MBMS.
2. MBMS mcs determination method

When a service arrives, the network will first select the cells that need to transmit the MBMS service (the “active cells”). The active cell selection could be predetermined or done through a counting procedure.  After the active cells are selected, the network will determine the MCS that can be supported on the active cells through the MCS determination procedure. 
The MCS determination procedure is similar to the R6 MBMS counting procedure, regulating the uplink load with probability factors.  Before the MBMS service transmission starts, the network indicates an MCS state that may be used for the MBMS transmission, and UEs transmit NACKs if their radio conditions can’t support that MCS state.  The NACKs may be transmitted with multiple transmission probability factors, with the lower probabilities of transmission used first in order to limit uplink load.  The best MCS state can then be determined e.g. using a simple binary search of the MCS states.  Note that the term “NACK” does not indicate that a data block has been lost, as the service is not transmitted during the MCS selection process.  Since we would like to control MBMS coverage, we need to ensure that UEs in very poor channel conditions do not set the MCS state.  We therefore introduce a threshold to prevent those UEs whose SINR is less than that threshold from transmitting NACKs.  
Since the coverage for a given data rate varies with the number of transmitting cells, we adjust the SINR threshold based on the number of transmitting cells.  One straightforward way to do this is to determine the effective SINR at a desired block error rate and coverage using measurements of the MBMS pilots.  For example, in these simulations we set thresholds according to the SINR at 5% outage and 1% BLER (assuming data is encoded wholly within a subframe) for different numbers of transmitting cells.
We used a simple binary search method to determine the MCS state, whose steps are given below:

1. The network initially selects a mid range MCS state, and configures the probability factors and SINR thresholds.

a. The minimum and maximum MCS states are set to the lowest and highest available MCS states, respectively.  

b. The initial MCS state is set to the middle of the possible MCS values.  

c. The probability factors are set in increasing order.  In these simulations, we used probability factors and SINR thresholds shown below.
2. UEs determine their effective SINR, and determine if they should transmit a NACK.  

a. UEs whose SINR is below the threshold won’t response to the network. 

b. UEs whose SINRs are greater than the threshold but can’t support the indicated MCS will perform a probability test based on the first probability factor. If it passes the probability test, the UE sends an NACK back to the network. Otherwise, the UE waits for the next probability iteration (in the following steps). 

3. If the network detects a NACK, it uses a less aggressive MCS state. 

a. The maximum MCS state is set to the current MCS state, and MCS state mid way between the minimum and the maximum MCS states is selected.

4. If the network receives nothing, it first increases the probability factor, and then uses a more aggressive MCS state.

a. If the network does not receive any NACK when the highest probability factor (typically = 1) is used, then it switches to the more aggressive MCS state.  The minimum MCS state is set to the current MCS state, and MCS state mid way between the minimum and the maximum MCS states is selected.

Simulation results are presented in details in next section, and detailed simulation assumptions are listed in the Appendix.

3. Simulation Results

Since the number of cells transmitting in an MBMS single frequency network (SFN) may vary, (ranging from single cell transmission to the simulcast over a wide area), the dynamic range of the supportable MCS is quite large.  In our simulation, we consider nine different SFN sizes, where the number of transmitting cells is 3, 4, 5, 6, 10, 15, and 20 respectively. (We don’t consider 1 or 2 transmitting cells at present because the throughput is low with a small number of transmitting cells for the basic PTM schemes considered here.)  The number of UEs simulated is 1000.  (We use 1000 UEs because 1000 UEs will transmit enough NACKs to test the performance of the proposed MCS determination mechanism in terms of uplink load, coverage, and how the threshold introduced in the MCS determination works.)  We used 3 probability factors of 0.01, 0.1, and 1 to limit the uplink load.
We compare the MCS state determined by the method in Section 2 with the optimal MCS state supportable by the network at 95% coverage. The results are listed in Table 1. In Table 1, we record a statistic on the number of NACKs transmitted during the MCS state searches. Since the probability factors are used, the number of NACKs varies between trials. Thus, we report the mean number of UEs simultaneously transmitting a NACK during each MCS search trial as an indication of the uplink load. 

We also list the effective SINR threshold used for each number of transmitting cells. To make the results more readable, we attach the figures in this section. Figure 2 shows the throughput in case of different number of UEs in the network. Figure 3 shows the coverage in case of different number of UEs in the network. 

In the optimal method, we assume that the network knows the MCS state that each UE can support, and so can adjust the MCS state to exactly meet 95% coverage. Since the MCS determination method has very limited knowledge of MCS states the UEs can receive, the MCS determination method can only approximately meet the optimal throughput and/or coverage.  From the figures, we can see that the MCS determination works well: coverage is within a few tenths of 95%, and throughput is within 3% of the optimal case.  Even though there are 1000 UEs in the cell, this adaptation also comes with a small number of uplink transmissions: around 1 to 3 UEs simultaneously transmit NACKs per MCS update.  
Table 1 Throughput and coverage

	
	Optimal method
	MCS state determined according to method in Section 2

	# Transmitting cells

	Throughput 
(bits/symbol)
	Coverage
	SINR Threshold (dB)
	Mean # NACKs per MCS update
	Throughput 

(bits/symbol)
	Coverage

	3
	0.196
	95.3%
	-6
	2.9
	0.2
	95.2%

	4 
	0.35
	95.4%
	-3.5
	1.7
	0.35
	95.3%

	5 
	0.575
	95.3%
	-1.5
	1.2
	0.56
	95.6%

	6 
	0.77
	95.6%
	0
	3.4
	0.79
	95.4%

	10 
	1.75
	95.7%
	4
	2.7
	1.78
	95.6%

	15 
	2
	96.7%
	5
	1.8
	2
	97.2%

	20 
	2.5
	95.6%
	6
	1.3
	2.5
	97.8%
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Figure 1 Throughput vs. SFN size
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Figure 2 Coverage vs. SFN size
Conclusion and Text Proposal for 25.813

We have found that a simple extension to the R6 MBMS counting procedure can be used for MBMS MCS determination.  Near optimal throughput can be obtained under a wide variety of SFN configurations with little uplink overhead.  Therefore, we propose that E-UTRA support MBMS MCS determination, and provide text for 25.813 below.

-----------------begin text proposal----------------------

11.1
MBMS principles

The E-UTRA/E-UTRAN supports the following principles for MBMS:

-
E-UTRA/E-UTRAN should permit simultaneous, tightly integrated and efficient provisioning of dedicated (unicast) and MBMS services to the user;

-
MBMS transmissions from several eNBs may be co-ordinated. Co-ordination of MBMS transmissions with SFNs may be done in several eNBs of an SFN area. SFNs may be differently defined in multiple SFN areas.
-
To avoid unnecessary MBMS transmission in a cell where there is no MBMS user, the network may detect at least one MBMS user interested in the MBMS service in the cell e.g. by polling. It is FFS whether or not it is needed to count the precise number of UEs interested in an MBMS service;
-
The modulation and coding state for an MBMS service to be transmitted in an SFN may be determined, e.g. by polling MBMS users.

-
UEs in either RRC IDLE or RRC CONNECTED mode are allowed to receive an interested MBMS service;

-
The scheduler may take into account UE capability and MBMS transmission to allow for simultaneous reception of unicast and broadcast services;

-
TDM multiplexing of all MBMS services in one cell should be supported. This allows as low duty cycle as possible in the UE;
-
The PDCP layer performs header compression for MBMS transmission;

-
Single-cell services e.g. like CBS and multi-cell services e.g. with SFN may be supported by different transmission mechanisms;

-
MBMS may be provided on a carrier dedicated to MBMS as well as on a carrier shared with non-MBMS services.
NOTE:
The definition of the carrier will be clarified later.
--------------------end text proposal---------------------
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Appendix

The system simulation parameters are as follows:

	Parameter
	1. Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	57 sectors (2 rings)

	Antenna Pattern
	Gain=min (12((/(3dB)^2,20)
	Front-to-back-ratio=20dB

Half-power-beamwidth=70 degrees

	Propagation Model
	PL=128.1+37.6log10(d)
	D in Km

	Lognormal std.
	8dB
	

	Carrier frequency
	2GHz
	

	BS antenna gain
	14dB
	

	UE Noise Figure
	9 dB
	

	BS total power 
	20Watts
	

	Antenna Bore-sight pointing towards flat side of the cell.
	
	

	Users dropped uniformly in the whole cell
	
	

	Penetration Loss
	20dB
	

	Site to site distance
	500 m
	


The serving cells for each trial are selected as the cells with the best average SINR.  

Parameters used to compute the coverage are:

	Parameters
	Value

	Channel
	SCME, Urban Macrocellular 

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Number of TTIs per Mobile Drop
	1000

	Number of Mobile Drops
	1000

	Number of Link Adaptation Trials
	100

	Probability factors
	0.01, 0.1, 1

	FER Requirement for Coverage
	1%

	TTI length
	0.5 ms

	Carrier Bandwidth
	5Mhz 

	FFT size
	512












































