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1. Introduction

In RAN1 #77, the following agreements were made for the introduction of higher order modulation with respect to CQI/MCS/TBS tables, and RAN1 could not reach consensus on supporting 256QAM in PMCH.  Subsequent email discussion [77-07] also failed to reach consensus on this issue, and as a result it was concluded that 256QAM is not supported for PMCH in Rel-12. However, the main reason for the failure to reach consensus was different views between companies on the specification impact of introducing 256QAM for PMCH, performance gain, business cases of supporting 256QAM for PMCH, and a desire to avoid delays if the specification impact turned out to be significant. 

It shall note that supporting 256QAM for both PDSCH and PMCH is perfectly is in line with the objectives of SCE-phy WI, which simply include “Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission”, without any restriction to only a subset of the downlink data-bearing physical channels. 

Discussion on the specification impact and benefits of introducing 256QAM for PMCH has continued among interested companies, and therefore in this paper, we provide our views of specification impacts and simulation results for higher order modulation in PMCH. 
2. 256QAM for PMCH
The motivation of introducing 256QAM for PMCH is to improve spectrum efficiency for downlink channel which is well in line with the objective of SCE-phy WI. Such high order modulation would improve the system performance when the channel quality is extremely good, which in general means Rx SINR above 30 dB for an interference-limited environment. The deployment scenarios in which 256 QAM could be used for PDSCH would be only for isolated small cells or lightly-loaded indoor sparse small cells with limited interference. In contrary, the deployment scenarios in which 256 QAM could be used for PMCH include both dense and sparse small cell deployments due to the high SINR resulting from the SFN operation of MBSFN subframes. Consequently, PMCH is a much better candidate than PDSCH for introducing 256QAM. 

2.1. Use Cases for PMCH with 256QAM

Supporting 256QAM for PMCH is one of the most important use cases of small cell deployment, providing broadcast coverage for local interest events, such as in sports stadiums or arenas, shopping malls, business or university campuses, etc. The operator may wish to broadcast premium or customised content to authorized users, which could vary from breaking news, special offers or promotion, video play back, real-time business information, etc.  For all this customised content, PMCH is the most efficient way to deliver packages with controllable duration of broadcast, size of broadcast geographical area, and number of subscribers.  By blending unicast and broadcast, eMBMS can provide an efficient solution for unicast offload and can thereby improve user attachment to the operator. 
The concern of loss of spectrum efficiency during the transition period of UE capability when only a subset of UEs support 256QAM will highly depend on the operator deployment.  One potential migration path for the operator is to configure the UEs with capability of 256QAM within an MBSFN area in a subset of the MBSFN subframes. Alternatively 256QAM PMCH can be supported on a certain carrier only. Since the network can count the number of UEs supporting 256QAM, the network is fully capable of determining whether the transmission could be more efficient by broadcasting with 256QAM, or broadcasting with legacy MCS, or even unicast.  It is critical to keep the transition period for introduction of the 256QAM UE capability as short as possible so that we do not end up with fragmented support for 256QAM per downlink channel in different 3GPP releases.   
2.2.  Supporting 256QAM for PMCH
MBMS on PMCH operates in SFN mode, whereby the UE receives multi-cell transmissions and combines the received signals non-coherently. The SINR improvement in the SFN network can be further increased in small cell deployments, in which more small cells are involved in the received non-coherent combining. So for a dense small cell deployment, it may be very likely that a UE experiences a very good channel within MBSFN subframes. The operation of PMCH will be similar with CoMP JT in TM10 in which 256QAM has been agreed to be supported.  Therefore we do not foresee any additional RAN1 enhancement needed in Rel 12 for supporting 256QAM in PMCH comparing to supporting 256QAM in PDSCH. 
The changes required in RAN2 to support 256QAM in PMCH, are limited. One example of the change in RAN2 is simply to add an information element into PMCH-Config-r9 to switch the MCS table applicable to dataMCS-r9 between the 256QAM and legacy MCS tables. 

MBSFN-AreaInfo-r9 ::=



SEQUENCE {


mbsfn-AreaId-r9





INTEGER (0..255),


non-MBSFNregionLength



ENUMERATED {s1, s2},


notificationIndicator-r9



INTEGER (0..7),


mcch-Config-r9





SEQUENCE {



mcch-RepetitionPeriod-r9


ENUMERATED {rf32, rf64, rf128, rf256},



mcch-Offset-r9





INTEGER (0..10),



mcch-ModificationPeriod-r9


ENUMERATED {rf512, rf1024},



sf-AllocInfo-r9





BIT STRING (SIZE(6)),



signallingMCS-r9




ENUMERATED {n2, n7, n13, n19}


},


...

}

PMCH-Config-r9 ::=




SEQUENCE {


sf-AllocEnd-r9





INTEGER (0..1535),


dataMCS-r9






INTEGER (0..28),


mch-SchedulingPeriod-r9


ENUMERATED {











rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024},


...

}
The minimum performance requirements for PMCH with 256 QAM would need to be specified in addition to that for PDSCH, but this would not be part of the core work and would therefore have no impact on the completion of the core work for Rel-12.    

In summary, we have the following observations:
Observation 1:  We do not foresee additional RAN1 changes needed for supporting 256QAM in PMCH compared to supporting 256QAM in PDSCH. 
Observation 2:  A very minor specification change is needed in RAN2 to support 256QAM in MTCH. 
Observation 3:  Performance requirements would be needed in RAN4 to support 256QAM on PMCH, but this would not be part of the core work and would therefore have no impact on the completion of the core work for Rel-12. 
3. Simulations and Performance for PMCH with 256QAM

As an example, Tables 1 and 2 show simulation results of SCE scenario 2a within a MBSFN area with 95% of UEs in the PMCH coverage. Detailed simulation assumptions are given in the appendix. For different ISDs and transmission powers, MCS values are selected in order to guarantee reliable reception for at least 95% users with 20dB indoor penetration loss assumed for all UEs in Table 1 and Table 2.  
It can be found that the SINR with MBSFN is sufficiently good within such a noise-limited environment. For example, the 256QAM MCS table can be configured with up to 100 meter ISD with 30dBm small cells or up to 200 meter ISD with 37dBm small cells. For a dense small cell deployments, such as indoor shopping mall, indoor arena, it is expected that such an ISD could be in the range of tens of meters. For outdoor stadium scenarios as shown in Table 3, the probability of being able to configure the 256QAM MCS table is significantly higher than that of having to configure the legacy MCS table. 
	 
	256-QAM MCS Table 
	Legacy MCS Table 
	 

	ISD (meters)
	Limit SINR (dB)
	MCS
	Data SE (bps/Hz)
	Limit SINR (dB)
	MCS
	Data SE (bps/Hz)
	Gain in SE from 256 QAM

	20
	34.43
	26
	3.06
	34.43
	28
	2.14
	43%

	30
	24.83
	26
	3.06
	24.83
	28
	2.14
	43%

	40
	23.95
	25
	2.83
	23.95
	28
	2.14
	32%

	50
	23.66
	25
	2.83
	23.66
	28
	2.14
	32%

	60
	23.17
	24
	2.74
	23.17
	28
	2.14
	28%

	70
	22.83
	24
	2.74
	22.83
	28
	2.14
	28%

	80
	22.33
	23
	2.55
	22.33
	28
	2.14
	19%

	90
	21.75
	23
	2.55
	21.75
	28
	2.14
	19%

	100
	21.32
	22
	2.29
	21.32
	28
	2.14
	7%

	110
	20.62
	21
	2.14
	20.62
	28
	2.14
	0%

	120
	20.33
	21
	2.14
	20.33
	28
	2.14
	0%

	130
	19.5
	20
	1.98
	19.5
	27
	1.98
	0%

	140
	18.92
	19
	1.83
	18.92
	26
	1.83
	0%

	150
	18.21
	19
	1.83
	18.21
	26
	1.83
	0%


Table 1   30dBm BS transmission power for Indoor UEs
	
	256-QAM MCS Table 
	Legacy MCS Table 
	

	ISD (meters)
	Limit SINR (dB)
	MCS
	SE (bps/Hz)
	Limit SINR (dB)
	MCS
	SE (bps/Hz)
	Gain in SE from 256 QAM

	100
	23.76
	25
	2.83
	23.76
	28
	2.14
	32%

	150
	22.39
	23
	2.55
	22.39
	28
	2.14
	19%

	200
	20.69
	22
	2.29
	20.69
	28
	2.14
	7%

	250
	18.59
	19
	1.83
	18.59
	26
	1.83
	0%

	300
	16.85
	17
	1.53
	16.85
	24
	1.53
	0%

	350
	14.53
	15
	1.41
	14.53
	22
	1.41
	0%

	400
	12.49
	13
	1.14
	12.49
	20
	1.14
	0%


Table 2   37dBm BS transmission power for Indoor UEs
	 
	256-QAM MCS Table 
	Legacy MCS Table 
	 

	ISD (meters)
	Limit SINR (dB)
	MCS
	SE (bps/Hz)
	Limit SINR (dB)
	MCS
	SE (bps/Hz)
	Gain in SE from 256 QAM

	20
	36.27
	26
	3.06
	36.27
	28
	2.14
	43%

	30
	24.99
	26
	3.06
	24.99
	28
	2.14
	43%

	40
	24.32
	25
	2.83
	24.32
	28
	2.14
	32%

	50
	24.08
	25
	2.83
	24.08
	28
	2.14
	32%

	60
	24.01
	25
	2.83
	24.01
	28
	2.14
	32%

	70
	23.99
	25
	2.83
	23.99
	28
	2.14
	32%

	80
	24.03
	25
	2.83
	24.03
	28
	2.14
	32%

	90
	24.22
	25
	2.83
	24.22
	28
	2.14
	32%

	100
	24.21
	25
	2.83
	24.21
	28
	2.14
	32%

	110
	24.11
	25
	2.83
	24.11
	28
	2.14
	32%

	120
	23.93
	25
	2.83
	23.93
	28
	2.14
	32%

	130
	23.77
	25
	2.83
	23.77
	28
	2.14
	32%

	140
	23.65
	25
	2.83
	23.65
	28
	2.14
	32%

	150
	23.76
	25
	2.83
	23.76
	28
	2.14
	32%


Table 3 30dBm BS transmission power for outdoor UEs
The above discussion relates primarily to the eMBMS data transmissions. Given the much lower data rate on MCCH than MTCH, we do not consider it necessary to introduce 256QAM for the MCCH, and the existing set of MCSs for MCCH can therefore remain unaltered.  Therefore we have following proposal:
Proposal: 256QAM shall be supported for MTCH transmission on PMCH in Rel 12. 
4. Conclusions

In this contribution, we showed that MBMS transmission on PMCH is an important use case for 256QAM, with a higher probability of 256QAM usage on PMCH than on PDSCH, due to the SFN operation of PMCH. 

We assessed the specification impact of introducing 256QAM on PMCH and concluded that it is minimal:  
Observation 1:  We do not foresee additional RAN1 changes needed for supporting 256QAM in PMCH compared to supporting 256QAM in PDSCH. 
Observation 2:  A very minor specification change is needed in RAN2 to support 256QAM in MTCH. 
Observation 3:  Performance requirements would be needed in RAN4 to support 256QAM on PMCH, but this would not be part of the core work and would therefore have no impact on the completion of the core work for Rel-12. 
We therefore make the following proposal:
Proposal: 256QAM shall be supported for MTCH transmission on PMCH in Rel 12. 
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Appendix:  Simulation Assumptions
	Simulation Parameter 
	Assumption 

	Carrier Frequency / Bandwidth 
	2 GHz / 10 MHz 

	Path Loss model 
	128.1 + 37.6*log10(dkm) dB 

	Multipath Delay profile 
	Synthesized 18 path model with 5 Hz Doppler 

	Required BLER 
	10e-2 

	Penetration Loss 
	20 dB for Indoor UEs, 0dB for outdoor UEs

	UE Noise Figure 
	9 dB 

	eNB Antenna Gain (including Cable Loss) 
	8 dBi 

	eNB Antenna Pattern 
	3GPP 3D 

	BS Transmit Power 
	1 W, 5 W 

	Minimum Distance of UE from BS 
	3 metres 

	UE Antenna Gain 
	0 dB 

	Target Coverage 
	95% 

	Number of Protection Tiers (with SFN on) 
	3



