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Discussion and Decision
1      Introduction
In RAN2#83bis meeting, the conclusion for whether unicast delivery can fulfill the scalability requirement (based on discussion on contribution [1] ) is to further discuss VoIP capacity. In this contribution, we provide analysis on this aspect.
2      Discussion
It is helpful to review the relevant SA1 requirements first. In section 5.1.5 of TS 22.468 [2], it was stated that
The number of Receiver Group Members in any area may be unlimited

The system shall support multiple distinct Group Communications in parallel to any one UE that is capable of supporting that number of distinct Group Communications in parallel. The mechanisms defined shall allow future extension of the number of distinct Group Communications supported in parallel.

Note:
This includes both multiple Group Communications within the same GCSE Group, and multiple Group Communications associated with multiple GCSE Groups. The actual number of such Group Communications achievable and desirable will depend on the type of media.

In Annex A of TS 22.468 [2], it was stated that “The operating area of the group is defined on the system (e.g. by lists of eNodeBs which are allowed to support the group).” 
In Annex C of TS 22.468 [2], it was stated that

Based on real life scenarios, at least 36 simultaneous voice group communications involving a total of at least 2000 participating users in an area , with up to 500 users being able to participate in the same group could be expected.

VoIP capacity for FDD and TDD is shown below (TR 36.912 [3]). VoIP capacity is evaluated for the uplink and downlink directions assuming a 12.2 kbit/s codec with a 50% activity factor [5]. Results below show that for the same environment, the VoIP result is similar irrespective of duplex mode (FDD/TDD) and antenna configuration. The results are average of the minimum of DL and UL capacity from each company (see [4] which are embedded in TR 36.912 [3]). Since in group communication, the typical scenario is that there is one transmitter and many receivers, DL VoIP capacity is more appropriate for current discussion. Average DL capacity results based on [4] are also added in tables below (columns with gray background). For example, for urban macro (UMa) environment, the number of supported VoIP users (VoIP capacity) is in the range of 68~74 /MHz/cell for FDD, depending on antenna configuration. For TDD, the VoIP capacity is calculated based on the effective bandwidth which is scaled based on DL/UL split. The evaluation assumption is TDD UL/DL configuration 1 (D S U U D D S U U D), and DwPTS, GP and UpPTS occupied 12, 1, 1 OFDM symbols, respectively. The corresponding scaling factor (number of DL OFDM symbols / total number of DL+UL OFDM symbols) is (14+14+12) / (14+14+14+14+13).
Table 16.4.2-1: VoIP capacity for FDD
	Antenna 
configuration
	Environment
	ITU requirement
	Number of samples
	Capacity [User/MHz/Cell]

	
	
	
	
	Min
	DL

	Antenna configuration (A)
	Indoor
	50
	3
	140
	148

	
	Urban Micro 
	40
	3
	80
	89

	
	Urban Macro
	40
	3
	68
	68

	
	High Speed
	30
	3
	91
	91

	Antenna configuration (C)
	Indoor
	50
	3
	131
	143

	
	Urban Micro 
	40
	3
	75
	78

	
	Urban Macro
	40
	3
	69
	74

	
	High Speed
	30
	3
	94
	94


Table 16.4.2-2: VoIP capacity for TDD
	Antenna 
configuration
	Environment
	ITU requirement
	Number of samples
	Capacity [User/MHz/Cell]

	
	
	
	
	Min
	DL

	Antenna configuration (A)
	Indoor
	50
	2
	137
	147

	
	Urban Micro 
	40
	2
	74
	95

	
	Urban Macro
	40
	2
	65
	65

	
	High Speed
	30
	2
	86
	93

	Antenna configuration (C)
	Indoor
	50
	3
	130
	141

	
	Urban Micro 
	40
	3
	74
	77

	
	Urban Macro
	40
	3
	67
	70

	
	High Speed
	30
	3
	92
	95


From TS 22.468, the area is defined by the system e.g. by a list of eNBs. If we consider an area consists of one eNB (the smallest case), we show VoIP capacity based on the evaluation parameters in ITU-R M.2135 [5] in Table 1 below, according to following equation:


VoIP capacity [User/eNB] = VoIP capacity [User/MHz/Cell] * Bandwidth * Number of cells / eNB
Table 1: VoIP capacity for group communications - FDD
	Environment
	Bandwidth [MHz]
	Inter-site distance [m]
	Number of cells/eNB
	VoIP capacity [User/MHz/Cell]
	VoIP capacity [User/eNB]

	Indoor
	20
	60
	1
	143~148
	2860~2960

	Urban Micro 
	10
	200
	3
	78~89
	2340~2670

	Urban Macro
	10
	500
	3
	68~74
	2040~2220

	High Speed
	10
	1732
	3
	91~94
	2730~2820


From Table 1 above, we can see that with the smallest area (one eNB) and the typical deployment parameters, scalability requirements (2000 users in an area) can be met for FDD, irrespective of the deployment environments and antenna configurations. There might be concerns on using 20 MHz for indoor environment (note that this is based on ITU-R M.2135 [5]), but it should also be noted that an area in this case should be typically more than one eNB since each eNB only has very small coverage (ISD is only 60 meter) in indoor environment. 
For TDD, it is better to use a DL oriented configuration to support group communications. Here we consider TDD UL/DL configuration 5 (D S U D D D D D D D), which has a scaling factor of (14*8 + 12) / (14*9 + 13)=124/139. Therefore we can calculate the actual VoIP capacity in TDD UL/DL configuration 5 by multiplying the result in TR 36.912 [3] with the scaling factor. For example, 147 is scaled to 147 * 124 / 139 = 131. Table 2 below shows VoIP capacity for group communications for TDD.
Table 2: VoIP capacity for group communications - TDD
	Environment
	Bandwidth [MHz]
	Inter-site distance [m]
	Number of cells/eNB
	VoIP capacity [User/MHz/Cell]
	VoIP capacity in TDD Config 5 [User/MHz/Cell]
	VoIP capacity [User/eNB]

	Indoor
	20
	60
	1
	141~147
	126~131
	2516~2623

	Urban Micro 
	10
	200
	3
	77~95
	68~85
	2061~2542

	Urban Macro
	10
	500
	3
	65~70
	58~62
	1740~1873

	High Speed
	10
	1732
	3
	93~95
	83~84
	2489~2542


From Table 2 above, we can see that with the smallest area (one eNB) and the typical deployment parameters, scalability requirements (2000 users in an area) can be met for TDD. The only exception is Urban Macro, however the VoIP capacity (1740~1873) is also very close to the requirements.
Therefore scalability requirements for group communications can be met for unicast bearers.
3      Conclusion
In this contribution, we discuss the VoIP capacity for group communications and propose the following:
Proposal 1: scalability requirements for group communications can be met for unicast bearers.
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