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1 Introduction

There were some discussions on whether 256QAM should be supported for PMCH in Rel-12 in the last RAN1 meeting [1] and the email discussion afterward. The official conclusion of the email discussion was not to support 256QAM on PMCH in Rel-12. 
However, it is still worth understanding the potential benefit and standard impacts if 256QAM is introduced for PMCH. This contribution provides information on the initial analysis on technical issues of supporting 256QAM in PMCH, including both performance and standards impacts. 

2 Performance of supporting 256QAM in PMCH
One important scenario for eMBMS service with 256QAM is hot area covered by small cells. Since the small cell simulation settings have been extensively discussed during the Rel-12 SCE SI and the benefit of 256QAM in unicast transmission are mainly observed in scenario 2a/2b/3, it would be easier to start the simulation with SCE scenarios 2a, 2b and 3 for the initial 256QAM transmission evaluation in PMCH.
Observation 1-1: SCE scenarios 2a, 2b, and 3 can be used for evaluating 256QAM transmission in PMCH.

In the following evaluation, it is assumed that one macro cell has one cluster with 2/4/10 picos.  Regional MBMS is considered, which means one macro cell is a SFN region. The co-channel interference would be observed between clusters of different macro cells. Since it is more difficult for the macro cell to achieve a good Tx EVM requirement, it is assumed that 256QAM is only configured in small cells. Thus only the pico UEs are taken into account below.
Other simulation assumptions are the same as the previous assumptions for SCE WI. No EVM impact is considered and all UEs are 256QAM capable. 
Geometry
The CDF curves of geometry in different SCE scenarios, e.g., scenario 2a with 10 picos, scenario 2b with 4 picos, and scenario 3 with 4 picos, are provided in Figure 1. 
We assume that the UEs with geometry larger than 20dB are suitable for 256QAM transmission. It is observed that the percentages of UE with geometry larger than 20dB are about 55%, 85%, and 100% for scenario 2a, 2b, and 3, respectively, which is higher than unicast transmissions.
Observation 1-2: The percentages of UE suitable for 256QAM transmissions are about 55%, 85%, and 100% for scenario 2a, 2b, and 3, respectively.
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Figure 1. Geometry CDF in SCE scenarios 2a/2b/3
We also provide the geometry results for an example stadium scenario in Figure 2. The corresponding simulation assumptions are given in Table 2 in the Appendix 1. It is observed that the percentages of UE with geometry larger than 20dB are about 99% with both 24dBm and 30dBm transmission power.
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Figure 1. Geometry CDF in an example stadium scenario
Observation 1-3: Almost all the UEs are suitable for 256QAM transmissions in an example stadium scenario.
It is noted that with practical Tx EVM restriction, the percentage of 256QAM suitable UEs would be decreased accordingly.
256QAM could provide ~33% link level performance gain compared to 64QAM. In the appendix 2, a method is provided to roughly estimate the system level performance gain if 256QAM is applied in PMCH transmission. 
3 Standards efforts and impacts of supporting 256QAM in PMCH
3.1 Efforts on link level channel model and simulation methodology
The link level simulation should be evaluated for 256QAM transmission in PMCH scenario. From UE’s point of view, time offsets of the received signal from multiple small cells may be large due to the time misalignment error between picos and the propagation delay from picos to UE, which leads to a longer delay spread for signals than unicast channel model. So the link level channel model should be different from the unicast channel model as well as the legacy MBSFN channel model for macro scenario. Therefore, it is necessary to introduce a new channel model for PMCH transmission in small cell scenario.  
Meanwhile, the simulation methodology to calculate or evaluate the gain of PMCH with 256QAM transmission needs to be discussed. For example, what is the assumption to ensure the UE reception with lower geometry distribution, how to divide the resources for legacy PMCH and 256QAM PMCH transmission, etc.
Observation 2-1: Introduce a new channel model for PMCH transmission in small cell scenario;

Observation 2-2: Discuss the simulation methodology to estimate the performance gain of introducing 256QAM for PMCH. 

3.2 EVM requirement for PMCH
As we know, in order to support the higher order modulation, the EVM should be limited to a smaller value. According to [2], for Tx EVM, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. For Rx EVM, UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. Correspondingly, if 256QAM is introduced for PMCH, the impact of EVM should be considered. 
If eMBMS with 256QAM is mostly deployed in small cells, there is no need to introduce extra Tx EVM requirement. From UE side, it will perform non-coherent combining of signals received from multiple eNBs in a MBSFN subframe, so there is no need to introduce extra Rx EVM requirement either. Therefore, the current SCE EVM requirement can be reused to support 256QAM transmission for PMCH in SCE scenarios. 
Observation 2-3: The current SCE EVM requirement can be reused to support 256QAM transmission for PMCH.
3.3 Standards efforts 
As discussed on the email reflector, on the effort required to introduce 256QAM for PMCH, it is not clear yet if the proposal is to support 256QAM for both the MCCH and the MTCH, and if the intent is to support this on the dedicated MBMS carrier. The answers here could affect the standards efforts required. So the standard impacts of introducing 256QAM to PMCH should be carefully determined.
If it is agreed to introduce 256QAM transmission for PMCH, then there may be standards impacts on RAN2, e.g., introducing an extra signaling parameter to indicate the 256QAM CQI/MCS table in PMCH when the 256QAM is scheduled. This impact is quite limited.
From RAN4’s perspective, according to the analysis in section 3.1, a new channel model for PMCH transmission in small cell scenario should be introduced so that extra test effort may be necessary.
Observation 2-4: Introducing 256QAM to MTCH and/or MCCH would have different standard impacts and needs consideration.
Observation 2-5: New signaling should be introduced in RAN2 if 256QAM is supported for PMCH.
Observation 2-6: For RAN4, a new channel model for PMCH transmission in small cell scenario should be introduced and extra test effort may be necessary.
4 Conclusion
This contribution provides information on the initial analysis on technical issues of supporting 256QAM in PMCH.
From performance aspect:

Observation 1-1: SCE scenarios 2a, 2b, and 3 can be used for evaluating 256QAM transmission in PMCH.

Observation 1-2: The percentages of UE suitable for 256QAM transmissions are about 55%, 85%, and 100% for scenario 2a, 2b, and 3, respectively 
Observation 1-3: Almost all the UEs are suitable for 256QAM transmissions in an example stadium scenario.

From standards efforts and impacts aspect:

Observation 2-1: Introduce a new channel model for PMCH transmission in small cell scenario;

Observation 2-2: Discuss the simulation methodology to estimate the performance gain of introducing 256QAM for PMCH. 

Observation 2-3: The current SCE EVM requirement can be reused to support 256QAM transmission for PMCH.
Observation 2-4: Introducing 256QAM to MTCH and/or MCCH would have different standard impacts and needs consideration.
Observation 2-5: New signaling should be introduced in RAN2 if 256QAM is supported for PMCH.
Observation 2-6: For RAN4, a new channel model for PMCH transmission in small cell scenario should be introduced and extra test effort may be necessary.
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Appendix 1 Simulation assumptions for stadium scenario
Table 2 provides the simulation assumptions as an example of stadium scenario. The corresponding geometry performance of this scenario can be found in Figure 2.

Table 2. Simulation assumptions for stadium scenario
	Parameters
	Simulation assumptions

	Layout
	Hexagonal grid, 19 cell sites, 1 sector per site

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	3.5GHz

	Carrier number
	1 

	Pico Transmission power
	24 dBm, 30 dBm 

	Distance-dependent path loss
	ITU Umi [referring to Table B.1.2.1-4 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMi[referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU Umi

	Antenna configuration
	MBSFN antenna Port 4

	Number of UEs 
	30 UEs per sector

	ISD 
	100

	UE dropping
	100% outdoor UE with uniformly dropping in entire cell

	Minimum distance between UE and Cell (2D distance)
	10m

	UE noise figure
	9dB

	UE speed
	3km/h

	UE receiver
	MRC


Appendix 2 Method for estimating system gain

To reduce the impact on MBMS coverage, there are proposals to provide different levels of programs with legacy service and new service with 256QAM. That is to say, one resource is used for legacy MBMS service based on the SINR that provides coverage to 95% of the UEs, the other is used for UEs whose SINR is good enough to support a high order modulation. All the UEs are 256QAM capable UEs. 
Table 3 is the SINR vs. SE mapping table.

Table 3. SINR vs. SE mapping table
	SINR
	SE
	Modulation

	-7
	0.1523
	QPSK

	-5.108
	0.2344
	QPSK

	-3.216
	0.377
	QPSK

	-1.324
	0.6016
	QPSK

	0.568
	0.877
	QPSK

	2.46
	1.1758
	QPSK

	4.352
	1.4766
	16QAM

	6.244
	1.9141
	16QAM

	8.136
	2.4063
	16QAM

	10.028
	2.7305
	64QAM

	11.92
	3.3223
	64QAM

	13.812
	3.9023
	64QAM

	15.704
	4.5234
	64QAM

	17.596
	5.1152
	64QAM

	19.488
	5.5547
	64QAM/256QAM

	21.38
	6.2266
	256QAM

	23.272
	6.9141
	256QAM

	25.164
	7.4063
	256QAM


To compare the performance difference with or without 256QAM transmission in PMCH, two cases are compared here:

· Case 1: If 64QAM is the highest modulation order, then the P1 percentage UE with SINR larger than 19.5dB may adopt 64QAM transmission with SE1=5.5547; the other (1-P1) percentage UEs adopt the modulation order and the corresponding spectrum efficiency SE3 with SINR which covers 95% UEs
· Case 2: If 256QAM is the highest modulation order, then the P2 percentage UE with SINR larger than 25dB may adopt 256QAM transmission with SE2=7.4063; the other (1-P2) percentage UEs adopt the modulation order and the corresponding spectrum efficiency SE3 with SINR which covers 95% UEs. 
For legacy MBMS service, the SE3 of PMCH transmission is simply determined by looking up Table 3 based on the SINR equals to 5% of the geometry CDF.
After that, the average SE of different cases can be predicted as 
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The results of average SE for case 1 and case 2 in different scenarios are summarized in Table 4. The performance gain of 256QAM over 64QAM can be calculated as
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 Table 4. Average SE for case 1 and case 2 in different scenarios
	Scenario
	SE of SINR which covers 95% UEs (SE3) 
	Percentage of UE who apply 64QAM (P1)
	Percentage of UE who apply 256QAM (P2)
	Average SE for case 1 (ASE1)
	Average SE for case 2 (ASE2)
	Performance gain of 256QAM over 64QAM

	S2a
	10 small cells
	1.4766
	60%
	40%
	3.9235
	3.8485
	-1.91%

	S2b
	4 small cells
	1.9141
	88%
	87%
	5.1178
	6.6923
	30.76%

	S3
	4 small cells
	7.4063
	100%
	100%
	5.5547
	7.4063
	33.33%


From Table 1, it is observed that supporting 256QAM in PMCH may bring some gain in Scenario 2b and 3 and the gain can be up to 33.33% based on the given evaluation methodology. Note that this result is obtained with the assumption that all the UEs have 256QAM capability. In real network, this performance gain will be reduced. 
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