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Physical layer for evolved UTRA
Supported bandwidths are 1.25MHz, 1.6MHz, 2.5MHz, 5MHz, 10MHz, 15MHz, and 20MHz.
Note:
1.6 MHz has been introduced with spectrum compatibility with LCR-TDD in mind.
7.1
Downlink transmission scheme

For both FDD and TDD, the downlink transmission scheme is based on OFDMA. Each 10 ms radio frame is divided into 10 equally sized sub-frames. In addition, for coexistence with LCR-TDD, a frame structure according to [2], clause 6.2.1.1.1, is also supported when operating E-UTRA in TDD mode. Channel-dependent scheduling and link adaptation can operate on a sub-frame level.
13
Performance assessments

13.1
Peak data rate

The estimated peak rates deemed feasible with E-UTRA are summarized in table 13.1 and table 13.2 for FDD and TDD. For both uplink and downlink, it was found that achieving and even exceeding the peak rate requirements outlined in [4] is feasible. This is based on a preliminary layer 1 and layer 2 control overhead as well as realistic assumptions on the highest modulation order which can be used in the most favorable WAN environments. 

Table 13.1: DL Peak rates for E-UTRA FDD/TDD frame structure type 1
	
	Downlink

	Assumptions
	64 QAM, R=1
Signal overhead for reference signals and control channel occupying one OFDM symbol


	Unit
	Mbps in 20 MHz
	b/s/Hz

	Requirement
	100
	5.0

	2x2 MIMO
	172.8
	8.6

	
4x4 MIMO
	326.4
	16.3


Table 13.2: UL Peak rates for E-UTRA FDD/TDD frame structure type 1
	
	Uplink

	Assumptions
	Single TX UE, R=1

Signal overhead for reference signals and control channel occupying 2RB


	Unit
	Mbps in 20 MHz
	b/s/Hz

	Requirement
	50
	2.5

	16QAM
	57.6
	2.9

	64QAM
	86.4
	4.3


Table 13.3: Peak rates for E-UTRA TDD (TDD frame structure type 2)

	
	Downlink
	Uplink

	Assumptions
	64 QAM, R=1

frame structure type 2
	Single TX UE, 64 QAM, R=1

frame structure type 2

	Unit
	Mbps in 20 MHz
	b/s/Hz
	Mbps in 20 MHz
	b/s/Hz

	Requirement
	100
	5.0
	50
	2.5

	
2x2 MIMO in DL
	142
	7.1
	62.7
	3.1

	
4x4 MIMO in DL
	270
	13.5
	
	




13.2
C-plane latency

Figure 13.1 provides an example C-plane flow for the LTE_IDLE to LTE_ACTIVE transition in LTE/SAE and is based on the procedure described in sub-clause 7.14.2 of [3].
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Figure 13.1: C-plane activation procedure (example)
Note:
The RRC Contention Resolution message (between steps 7 and 8) does not contribute to the overall state transition latency and is therefore not included in the analysis.
13.2.1
FDD frame structure
Table 13.4 and 13.5 provides a timing analysis, assuming FDD frame structure, of the flow depicted in Figure 13.1. The analysis illustrates that the requirement for the state transition from LTE_IDLE to LTE_ACTIVE can be achieved within the 100ms requirement.
Table 13.4: C-plane latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	Average delay due to RACH scheduling period
	5ms

	2
	RACH Preamble
	1ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5ms

	5
	TTI for transmission of RRC Connection Request
	1ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	7
	Processing delay in eNB (Uu –> S1-C)
	4ms

	8
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15ms

	10
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	11
	Processing delay in eNB (S1-C –> Uu)
	4ms

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	14
	Processing delay in UE
	3ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	1ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	
	Total LTE IDLE ( ACTIVE delay (C-plane establishment)
	47.5ms + 2 * Ts1c

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Table 13.5: U-plane establishment latency

	Step
	Description
	Duration

	
	LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	47.5ms + 2 * Ts1c

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	19
	eNB Processing Delay (Uu –> S1-U)
	1ms

	
	U-plane establishment delay (RAN edge node)
	51ms + 2 * Ts1c

	20
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	21
	UPE Processing delay (including context retrieval)
	10ms

	
	U-plane establishment delay (Serving GW)
	61ms + 2 * Ts1c + Ts1u


Note 1:
The figures included in Steps 8, 9, 10, 20 and 21 are outside the scope of RAN WG2.
Note 2:
The S1-C transfer delay is estimated to be longer than the S1-U transfer delay, since more reliable L2 protocol stack is assumed for S1-C.

Note 3:
For procedural aspects which remain to be agreed in RAN WG2, the analysis contains preliminary assumptions.
13.2.2
TDD frame structure type 1
Table 13.6 provides a timing analysis, assuming TDD frame structure 1 with different frame formats as shown in Figure 13.2. The analysis illustrates that the requirement for the state transition from LTE_IDLE to LTE_ACTIVE can be achieved within the 100ms requirement.
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Figure 13.2: TDD frame formats

Table 13.6: C-plane latency analysis for TDD frame structure 1 (based on the procedure depicted in Figure 13.1)

	Step
	Description
	4-Dl/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	Average delay due to RACH scheduling period
	5ms
	5ms
	5ms
	5ms

	2
	RACH Preamble
	1ms
	1ms
	1ms
	1ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	6ms
	6ms
	6ms
	6ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request )
	3ms
	3ms
	3ms
	3ms

	5
	TTI for transmission of RRC Connection Request
	1ms
	1ms
	1ms
	1ms

	6
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

	7
	Processing delay in eNB (Uu –> S1-C)
	4ms
	4ms
	4ms
	4ms

	8
	S1-C Transfer delay
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15ms
	15ms
	15ms
	15ms

	10
	S1-C Transfer delay
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)
	Ts1c (2ms – 15ms)

	11
	Processing delay in eNB (S1-C –> Uu)
	4ms
	4ms
	4ms
	4ms

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.7ms
	2.1ms
	2.7ms
	3.5ms

	13
	HARQ Retransmission (@ 30%)
	0.3*5.75ms
	0.3*4.33ms
	0.3*4.5ms
	0.3 *5ms

	14
	Processing delay in UE
	3ms
	3ms
	3ms
	3ms

	15
	TTI for  transmission of L3 RRC Connection Complete (+Average alignment)
	3.5ms
	2.7ms
	2.1ms
	1.7ms

	16
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	51.925 + 2*Ts1c
	50.799 + 2*Ts1c
	50.748 + 2*Ts1c
	52.15 + 2*Ts1c


Table 13.7: U-plane establishment latency
	Step
	Description
	4-DL/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	
	LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	51.925 + 2*Ts1c
	50.799 + 2*Ts1c
	50.748 + 2*Ts1c
	52.15 + 2*Ts1c

	17
	TTI for UL data packet + average alignment (Piggy back scheduling information)
	3.5ms
	2.7ms
	2.1ms
	1.7ms

	18
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

	19
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms
	1ms

	
	U-plane establishment delay (RAN edge node)
	57.925

+ 2*Ts1c
	55.849

+ 2*Ts1c
	54.148

+ 2*Ts1c
	56.575

+ 2*Ts1c

	20
	S1-U Transfer delay
	Ts1u (1ms – 15ms)
	Ts1u (1ms – 15ms)
	Ts1u (1ms – 15ms)
	Ts1u (1ms – 15ms)

	21
	UPE Processing delay (including context retrieval)
	10ms
	10ms
	10ms
	10ms

	
	U-plane establishment delay (Serving GW)
	67.925

+ 2*Ts1c + Ts1u
	65.849

+ 2*Ts1c + Ts1u
	64.148

+ 2*Ts1c + Ts1u
	66.575

+ 2*Ts1c + Ts1u


13.2.3
TDD frame structure type 2

The C-plane establishment latency analysis for TDD frame structure 2 is summarised in table13.8. 

Table 13.8: C-plane establishment latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	Average delay due to RACH scheduling period
	2.5ms

	2
	RACH Preamble
	0.95ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	7.025ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.3ms

	5
	TTI for transmission of RRC Connection Request
	0.675ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	7
	Processing delay in eNB (Uu –> S1-C)
	4ms

	8
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15ms

	10
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	11
	Processing delay in eNB (S1-C –> Uu)
	4ms

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	2.163ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	14
	Processing delay in UE
	2.975ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	0.675ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	46.763ms + 2 * Ts1c


For TDD frame structure type 2, U-plane establishment delay data was not available at the time of writing.

13.3
U-plane latency

The requirement on U-plane latency in clause 6.2.2 of TR 25.913 [4] reads as follows:

"U-Plane Delay Definition – U-plane delay is defined in terms of the one-way transit time between a packet being available at the IP layer in either the UE/RAN edge node and the availability of this packet at IP layer in the RAN edge node/UE. The RAN edge node is the node providing the RAN interface towards the core network.

Specifications shall enable an E-UTRA U-plane latency of less than 5 ms in unload condition (i.e. single user with single data stream) for small IP packet, e.g. 0 byte payload + IP headers E-UTRAN bandwidth mode may impact the experienced latency

Note: This requirement, more specifically the exact definition of latency, may be revisited and further clarified once there is a 3GPP system end-to-end requirement agreed and the overall system architecture is settled, including the RAN and core network functional split. This means that the network entities between which the U-plane latency requirement of E-UTRA and E-UTRAN applies, will finally be defined at a later stage."

With PDCP terminated in the eNB, it is understood that the RAN edge node is the eNB. The U-plane assessment assumes, in accordance with the requirement, unload conditions where scheduling delays are negligible. Further, it is assumed that a valid scheduling grant is available; i.e. no random access procedure needs to be performed. 
13.3.1
FDD frame structure
The LTE U-plane delay consists of node processing delays, TTI duration, and radio frame alignment. The delay components are summarised in Figure 13.3.
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Figure 13.3: U-plane latency components in LTE

Based on the assumptions above, the LTE U-plane latency can be written:


DUP [ms] = 1 + 1.5 + 1+ n*5 = 3.5 + n*5,
where n is the number of HARQ re-transmissions. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of


DUP,typical [ms] = 3.5 + p*5,
where p is the error probability of the first HARQ transmission. Hence the U-plane latency is a function of the HARQ operating point. Table 13.9 shows the U-plane latency when HARQ is operated at an initial transmission error probability of 0.0 and 0.3, respectively.

Table 13.9: U-plane latency analysis (estimated average)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included


	1
	UE Processing Delay
	1ms
	1ms

	2
	Frame Alignment
	0.5ms
	0.5ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms

	4
	HARQ Retransmission 
	0ms
	0.3*5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms

	
	
	
	

	
	
	
	

	
	Total one way delay
	3.5ms
	5ms


Note:
While table 13.9 illustrates the U-plane latency for the UL, the indicated latencies, although applied in a different order, should be understood as representative also for the DL.


For FDD frame structure, it is concluded that for a typical case with an initial HARQ error rate of 0.0 and 0.3, total average U-plane latencies of 3.5ms and 5.0ms, respectively, can be achieved.


13.3.2
TDD frame structure type 1
The LTE U-plane delay consists of node processing delays, TTI duration, radio frame alignment and S1-U delay. The delay components are summarised in Figure 13.4 for TDD.
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Figure 13.4: U-plane latency components in TDD
Where

Thdl: average HARQ RTT in downlink

Tfdl: average frame alignment delay in downlink

Thul: average HARQ RTT in uplink

Tful: average frame alignment delay in uplink

Based on the assumptions above, the LTE U-plane latency can be written:


DUP [ms] = 1 + 1+Tf + 1+ n*Th
where Tf is the frame alignment delay, Th is the HARQ RTT and n is the number of HARQ re-transmissions. As indicated above, Tf and Th can be different for ulink and downlink. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of


DUP,typical [ms] = 3+ Tf + p*Th,
where p is the error probability of the first HARQ transmission. Hence the U-plane latency is a function of the HARQ operating point. Tables 13.10 and 13.11 show the U-plane latency in downlink and uplink, respectively, for different TDD frame formats when no HARQ retransmission is assumed for the first transmission.

Table 13.10: U-plane latency analysis with 0% HARQ (estimated average in downlink)

	Step
	Description
	4-DL/1-UL
	3-Dl/2-UL
	2-DL/3-UL
	1-Dl/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	0.7ms
	1.1ms
	1.7ms
	2.5ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0ms
	0ms
	0ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms
	1ms

	
	Total one way delay
	3.7ms
	4.1ms
	4.7ms
	5.5ms


Table 13.11: U-plane latency analysis with 0% HARQ (estimated average in uplink)

	Step
	Description
	4-DL/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	2.5ms
	1.7ms
	1.1ms
	0.7ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0ms
	0ms
	0ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms
	1ms

	
	Total one way delay
	5.5ms
	4.7ms
	4.1ms
	3.7ms


Analysis shows that the 5ms U-plane latency requirement may be simultaneously satisfied in TDD for both uplink and downlink using the 2-DL/3-UL and 3-DL/2-UL framing structures with no re-transmission is assumed for the first transmission.

13.3.3
TDD frame structure type 2

Tables 13.12 and 13.13 show the U-plane latency in downlink and uplink, respectively, for a 4-DL/3-UL configuration of TDD frame structure 2. 

Table 13.12: U-plane latency analysis (estimated average in downlink)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	eNB Processing Delay (S1-U->Uu)
	1ms
	1ms

	2
	Frame Alignment
	1.022ms
	1.022ms

	3
	TTI for DL DATA PACKET 
	0.675ms
	0.675ms

	4
	HARQ Retransmission
	0ms
	0.3*5ms

	5
	UE Processing Delay 
	1ms
	1ms

	
	Total one way delay
	3.697ms
	5.197ms


Table 13.13: U-plane latency analysis (estimated average in uplink)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms

	2
	Frame Alignment
	1.423ms
	1.423ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	0.675ms
	0.675ms

	4
	HARQ Retransmission
	0ms
	0.3*5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms

	
	Total one way delay
	4.098ms
	5.598ms


In TDD frame structure type 2, the requirements on U-plane delay can be reached.

13.4
User throughput

13.4.1
Fulfilment of uplink user-throughput targets
13.4.1.1
Initial performance evaluation
According to [4], the agreed target for the LTE radio-access concept in terms of average and cell-edge user throughput are 2-3 times gain compared to the baseline configuration.

Multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. 

· In terms of average user throughput, the results indicate gains vs. the baseline configuration also ranging from around 2 times to above 3 times.

· In terms of cell-edge user throughput, the results indicate gains vs. the baseline configuration ranging from around 2 times to, in some cases, well above 3 times.

It should be pointed out that some proposed and considered LTE features, such as the possibility for a variable TTI for overhead/delay optimization and different schemes for interference mitigation, have not been included in all of the evaluations. Thus there is a potential for further LTE uplink performance enhancements. 

Based on this, one can conclude that the LTE SC-FDMA-based uplink as currently defined includes the features needed to fulfil the agreed targets on uplink user throughput.
13.4.1.2
UL user throughput performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios. For both the baseline UTRA and E-UTRA results, the average cell throughput figures match well between companies. Summaries of the results for simulation cases 1 and 3 are presented in Table 13.14 and Table 13.15, respectively. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. It can be seen that the requirements given in [4] are met, i.e. 2-3 times improvement in cell user throughputs
Table 13.14: UL user throughput performance for Case 1(500m ISD)

	Case 1
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline
	0.033
	x1.0
	0.009
	x1.0

	E-UTRA 1x2
	0.073
	x2.2
	0.024
	x2.5

	E-UTRA 1x4
	0.110
	x3.3
	0.052
	x5.5

	E-UTRA 2x2 SU-MIMO 
	0.078
	x2.3
	0.010
	x1.1


Table 13.15: UL user throughput performance for Case 3(1732m ISD)

	Case 3
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline
	0.032
	x1.0
	0.0023
	x1.0

	E-UTRA 1x2
	0.068
	x2.2
	0.0044
	x2.0

	E-UTRA 1x4
	0.104
	x3.3
	0.0094
	x4.2


13.4.2
Fulfilment of downlink user-throughput targets
13.4.2.1
Initial performance evaluation

According to [4], the agreed targets for the LTE radio-access concept in terms of average and cell-edge user throughput are 3-4 times gain and 2-3 times gain vs. the baseline configuration defined in [4], respectively.

Multiple evaluations that directly evaluate the downlink system performance of the LTE concept vs. the baseline configuration have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. 

Evaluations have been carried out both assuming that MIMO is used in case of LTE evaluation(s) and that MIMO is not used in case of the LTE evaluation(s). As expected, including MIMO in the evaluations provide higher LTE system performance. It should be pointed out that including MIMO for LTE is inline with the agreed assumptions in [4].

-
All evaluations indicate that the LTE concept fulfils the agreed target for cell-edge throughput, assuming a lower-speed (3 km/h) scenario.

-
In terms of average user throughput, the evaluation indicate that the LTE concept fulfils or is very close (within 10%) to the agreed target. 

Based on these evaluations one cannot directly conclude that the LTE concept fulfils the LTE downlink user-throughput targets. However, these evaluations do not include all the features that are suggested to be part of the LTE radio-access concept, most notably different schemes for more advanced interference mitigation (e.g. interference coordination and/or cancellation) and variable TTI for overhead/delay optimization. Adding the potential gains of this to the above summarized gains would indicate that the LTE downlink radio-access concept can fulfil the agreed user-throughput targets.

More information can be found in clause 8 of [2].

13.4.2.2
Fulfilment of downlink user-throughput targets by enhancement techniques
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with enhancement techniques have been carried out. Specifically, the enhancement techniques are longer TTI, static interference coordination, interference cancellation adaptive antenna schemes and semi-static interference coordination. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. Each technique can improve both average user throughput and 5%-tile user throughput performance by at least 10%.

Without performing simulations including, at same time, all these techniques, it is somewhat difficult to conclude on exact cumulative gain figures for all the techniques. However it is likely that with these techniques included in LTE specification and implementation, at least 3.5x gain in sector spectral efficiency together with at least 3x gain in 5%-tile user throughput can be achieved.  There is the potential, considering some of the simulation results, that even higher gains could be achieved. 
Note that these gains can be achieved simultaneously with corresponding gains in spectral efficiency (system throughput), see subclause 13.5.2.1.
More information can be found in clause 8 of [2].
13.4.2.2.1
Performance Enhancement by Additional Transmit Antennas: 4 Transmit Antennas
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with additional TX and RX antennas (up to four antennas) have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results.

-
Additional gain of 4x2 antenna vs. 2x2 antenna LTE is more than 10%.

-
Additional gain of 4x4 antenna vs. 2x2 antenna LTE is more than 60%.

Based on these evaluations, one can draw the conclusion that additional antennas can improve both average and 5%-tile downlink user throughput significantly

More information can be found in clause 8 of [2].
13.4.2.3
DL user throughput performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the downlink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. Summaries of the results for simulation cases 1 and 3 are presented in Table 13.16 and 13.17 respectively. For E-UTRA, results are presented both for the 2x2 (Ntx x Nrx antennas) reference configuration, as well as for the enhanced 4x2 and 4x4 configurations. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. It can be seen that the requirements given in [4] are met, i.e. 3-4 times improvement in average user throughputs, and 2-3 times improvement in cell-edge user throughput
Table 13.16: DL user throughput performance for Case 1 (500m ISD).

	Case 1
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline 1x2
	0,05
	x1,0
	0,02
	x1,0

	E-UTRA 2x2 SU-MIMO
	0,17
	x3,2
	0,05
	x2,7

	E-UTRA 4x2 SU-MIMO 
	0,19
	x3,5
	0,06
	x3,0

	E-UTRA 4x4 SU-MIMO
	0,27
	x5,0
	0,08
	x4,4


Table 13.17: DL user throughput performance for Case 3 (1732m ISD).

	Case 3
	Mean User Throughput
	Cell-Edge User Throughput

	
	[bps/Hz/user]
	x UTRA 
	[bps/Hz/user]
	x UTRA 

	UTRA baseline 1x2
	0,05
	x1,0
	0,02
	x1,0

	E-UTRA 2x2 SU-MIMO
	0,16
	x3,0
	0,04
	x2,3

	E-UTRA 4x2 SU-MIMO 
	0,19
	x3,6
	0,05
	x2,8

	E-UTRA 4x4 SU-MIMO
	0,24
	x4,6
	0,08
	x4,8


13.5
Spectrum efficiency

13.5.1
Fulfilment of uplink spectrum-efficiency target

13.5.1.1
Initial performance evaluation 
According to [4], the agreed target for the LTE radio-access concept in terms of uplink spectrum efficiency is 2-3 times gain vs. the baseline configuration defined in [4]. 

Multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. In terms of spectrum efficiency, the results of these evaluations indicate gains vs. the baseline configuration ranging from around 2 times to above 3 times.

The system performance for VoIP traffic has also been evaluated, and VoIP capacity of more than 3 times versus the baseline configuration defined in [4] has been observed.
It should be pointed out that some proposed and considered LTE features, such as the possibility for a variable TTI for overhead/delay optimization and different schemes for interference mitigation, have not been included in all of the evaluations. Thus there is a potential for further LTE uplink performance enhancements. 

Based on this, one can conclude that the LTE SC-FDMA-based uplink as defined in clause 7.2 of this TR includes the features needed to fulfil the agreed targets on uplink spectrum efficiency.
13.5.1.2
UL spectrum efficiency performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios. For both the baseline UTRA and E-UTRA results, the spectrum efficiency figures match well between companies. Summaries of the results for simulation cases 1 and 3 are presented in Table 13.18. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. It can be seen that the requirements given in [4] are met, i.e. 2-3 times improvement in spectrum efficiency
Table 13.18: UL spectrum efficiency performance for Case1 (500m ISD) and Case 3 (1732m ISD).
	
	Case 1
	Case 3

	
	[bps/Hz/cell]
	x UTRA 
	[bps/Hz/cell]
	x UTRA 

	UTRA baseline
	0.332
	x1,0
	0.316
	x1.0

	E-UTRA 1x2
	0.735
	x2.2
	0.681
	x2.2

	E-UTRA 1x4
	1.103
	x3.3
	1.038
	x3.3

	E-TURA 2x2 SU-MIMO
	0.776
	x2.3
	-
	-


13.5.2
Fulfilment of downlink spectrum-efficiency target
13.5.2.1
Initial performance evaluation 
According to [4], the agreed target for the LTE radio-access concept in terms of downlink spectrum efficiency is 3-4 times gain vs. the baseline configuration defined in [4]. 

Multiple evaluations that directly evaluate the downlink system performance of the LTE concept vs. the baseline configuration have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. 

Evaluations have been carried out both assuming that MIMO is used for the case of LTE and that MIMO is not used for the case of LTE. It should be pointed out that the use of MIMO for LTE is inline with the agreed assumptions in [4].

Assuming MIMO most evaluations indicate that the LTE concept fulfils or are within approximately 10% of the agreed spectrum-efficiency target, assuming a lower-speed (3 km/h) scenario.

At higher UE speed (30 km/h), the performance gains are somewhat reduced which is also inline with the mobility requirement of [4], Clause 7.3.

The system performance for VoIP traffic has also been evaluated, and VoIP capacity of more than 3 times versus the baseline configuration defined in [4] has been observed.
Based on these evaluations one cannot directly conclude that the LTE concept fulfils the LTE downlink spectrum-efficiency target. However, these evaluations do not include all the features that are suggested to be part of the LTE radio-access concept, most notably different schemes for more advanced interference mitigation (e.g. interference coordination and/or cancellation) and variable TTI for overhead/delay optimization. Adding the potential gains of this to the above summarized gains would indicate that the LTE downlink radio-access concept can fulfil the agreed spectrum-efficiency targets. 

More information can be found in clause 10 of [2].
13.5.2.2
Fulfilment of downlink spectrum-efficiency targets by enhancement techniques
Multiple evaluations that directly evaluate the gains of downlink system performance of the LTE concept with enhancement techniques have been carried out. Specifically, the enhancement techniques are longer TTI, static interference coordination, interference cancellation adaptive antenna scheme and semi-static interference coordination have been carried out. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. Each technique can improve the spectrum efficiency by at least 10% or more.
Without performing simulations including, at the same time, all these techniques it is somewhat difficult to conclude on exact cumulative gain figures for all the techniques. However it is likely that with these techniques included in LTE specification and implementation at least 3.5x gain in sector spectral efficiency can be achieved.  There is the potential, considering some of the simulation results, that even higher gains could be achieved.
Note that these gains can be achieved simultaneously with corresponding gains in user throughput, see subclause 13.4.2.1.
More information can be found in clause 8 of [2].
13.5.2.3
DL spectrum efficiency performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the downlink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios, something that provides a certain degree of diversity in the evaluation results. Summaries of the results for simulation cases 1 and 3 are presented in Table 13.19. For E-UTRA, results are presented both for the 2x2 (Ntx x Nrx antennas) reference configuration, as well as for the enhanced 4x2 and 4x4 configurations. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. It can be seen that the requirements given in [4] are met, i.e. 3-4 times improvement in spectrum efficiency
Table 13.19: DL spectrum efficiency performance for Case 1 (500m ISD) and Case 3 (1732m ISD).
	
	Case 1
	Case

	
	[bps/Hz/cell]
	x UTRA 
	[bps/Hz/cell]
	x UTRA 

	UTRA baseline 1x2
	0,53
	x1,0
	0,52
	x1,0

	E-UTRA 2x2 SU-MIMO
	1,69
	x3,2
	1,56
	x3,0

	E-UTRA 4x2 SU-MIMO 
	1,87
	x3,5
	1,85
	x3,6

	E-UTRA 4x4 SU-MIMO
	2,67
	x5,0
	2,41
	x4,6


13.6
Mobility

13.6.1
Features supporting various mobile velocities

The E-UTRA supports seamless mobility across the cellular network; in RRC_CONNECTED handovers are supported with resource preparations at the target cell, whereas in RRC_IDLE the UE performs cell reselections and updates tracking areas. Inter-frequency mobility is also supported, hence making the E-UTRA flexible in supporting various deployment scenarios.

The E-UTRA is capable of supporting various mobile velocities. The main features that support efficient data transmission at various speeds are listed below.

-
The subframe size of 0.5 ms makes the E-UTRA capable of adapting to fast changing radio link conditions and allows exploitation of multiuser diversity.

-
The use of scheduled and diversity resource allocation in the frequency domain allows optimisation for various speeds, i.e., the diversity resource allocation increases frequency diversity gain at high speeds, whereas the scheduled resource allocation increases multiuser diversity gain at low speeds.

-
The RLC and MAC (HARQ) status can be inherited at the target cell when the handover is intra-eNB.

-
Forwarding of the data buffered in the source eNB to the target eNB prevents packet loss at handovers.

-
The measurements for neighbour cells are performed without compressed mode, hence without wasting radio resources. The relevant measurements for neighbour cells that operate on a different carrier frequency from the currently served frequency, are performed during transmission/reception gaps provided by DTX/DRX, or by the packet scheduler.

13.6.2
Assessment on U-plane interruption time during handover
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Figure 13.5: U-Plane interruption involved in the intra-MME/UPE HO procedure in E-UTRAN

The generic handover procedure assumed in E-UTRAN is shown in Figure 13.5, with associated delays encountered in the procedure. In the figure four constituents for the U-plane interruption are identified, i.e., (a) radio layer process, (b) UL RRC signalling, (c) DL RRC signalling, and (d) path switch. Each component is elaborated below.

-
Radio layer process (a)

This is the delay between HO command to UL resource allocation, hence consisting of these elements:

1)
Frequency synchronization: The time taken for frequency synchronisation depends whether the target cell is operating on the same carrier frequency as the currently served frequency or not. However, this should be very small because the UE has already identified and measured the target cell. Thus, the UE should have somewhat recent frequency synchronization, and the delay caused by this element is then negligible.

2)
DL synchronization: It is thought that baseband and RF alignments may take some time. Although concrete evaluation was not performed, it was assumed that UE has acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset. Hence, the delay caused by this element should be less than 1 ms.
3)
UL resource request and timing advance acquisition: This delay depends on procedure, applied:
i)
RACH procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending. This is a fallback option for cases where non-contention based access (option ii) below) fails or is not possible.
ii)
Dedicated RACH preamble procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending due to e.g. power ramping.

Some details as to the timing of the RA response remain to be settled. Reasonably accurate estimates of the delay for UL resource request and timing advance acquisition can however be provided as follow. For method i (worst case), if no retransmission is needed, the delay consist of (1) waiting for an access slot for the preamble, (2) transmission of the RA preamble, and (3) waiting for the decoding the RA response which contains timing advance information and UL resource allocation for the HO complete message.  The mean time of (1) could be 2.5 ms (assuming two access slots in 10 ms). The duration of  (2) depends on the deployment scenario (e.g. ISD), but a common value is 1 sub-frame, i.e. 1ms. The delay (3) from the end of the preamble transmission to having decoded the RA response is eNB implementation dependent, but 7.5ms is considered feasible (items 3 + 4 in C-plane latency assessment). These numbers result in a mean delay of 11 ms from the moment that the UE has synchronized to the downlink  to the moment that an UL grant has been received.  A retransmission of the preamble adds to the delay at least one RTT or the access slot separation, whichever is longer.  A random back-off system may also be employed, which implies that the mean delay for a retransmission is larger than the access slot separation. Various proposals for how the initial random waiting time can be reduced or avoided have been made, but are not considered in this analysis.
Note:
If SFN would be required, it can be provided either in the HO command or by UE reading it from broadcasted System Information.


-
RRC signalling (b), (c)

The detailed relation between RRC signalling and pausing/resuming of the U-plane is yet to be concluded. 
For contention based access (method i), this evaluation assumes that  resuming of the U-plane is triggered by RRC signalling, i.e., the HO complete triggers resuming of the DL U-plane in the target eNB, whereas the HO complete ack triggers resuming of the UL U-plane. The delay represented in this component includes the time taken to encode the RRC message at the transmitter, the time taken to transmit the message over the radio interface, and the time required to process the message at the receiver. Of the three, the time taken to transmit over the radio interface is thought to be the dominant factor. This delay can be reduced by scheduling the message at a high priority and by using a low error rate transport format. In the optimal case, this delay is expected to be approximately 5 ms, but could end up significantly longer, e.g. 20 ms, due to HARQ/ARQ. Analogous to the C-plane latency assessment, we here assume a 30% HARQ retransmission, which with a HARQ RTT of 5 ms corresponds to an average additional delay of 1.5 ms
Note:
For time critical messages such as RRC signalling at HO, 30% HARQ retransmission is considered a pessimistic assumption.

For non-contention based access (method ii), U-plane transmissions can possibly be resumed before RRC signalling is completed since the UE and its arrival is uniquely identified to the network by the preamble itself and successful access is acknowledged to the UE by the RA response. Hence, for non-contention based access , UP delay due to RRC signalling can be avoided if there is no need for eNB to receive HO COMPLETE before continuing U-plane transmission.
-
Forwarding delay at path switch (d)



Packets sent to the source eNB just before the switching in the GW experience additional transport delay to the target-eNB because they are routed via the source eNB. However this delay does not generally result in an increase of handover interruption time if there is other data available to transmit. Worst case is when there is only 1 packet to transmit to the UE around the handover and this packet is just sent to the source-eNB when the GW decides to switch. Assuming that S1 delays to source eNB and target eNB are similar, this packet will experience an additional delay from source eNB processing and X2 transport delay. I.e., the patch switch 


According to this model, the total interruption time of the U-plane in the UL is (a) + (b) + (c), whereas the interruption in the DL is (a) + (b) or (d), whichever is larger. Note that if forwarded packets are available in the target eNB before path switch, the total interruption time in the DL would be (a) + (b). The forwarding can continue even after the path switch, depending on the amount of data that had to be forwarded and the transmission rate over the inter-eNB interface. However, what is essential is the delay for the first forwarded packet to arrive at the target eNB, as the target eNB can then resume transmission as soon as the radio layer is ready, receiving the HO complete. It is generally assumed that the forwarding delay (of the first packet) is smaller than the radio layer delay (a) + (b).
Table 13.20: U-Plane interruption components and estimates

	
	Component
	Cause
	Estimate [ms]
(contention based)
	Estimate [ms]
(contention-free)

	(a)
	Radio layer process
	- DL synchronization time, including e.g., baseband and RF switching time
- UL resource request and timing advance acquisition

- UL resource granting
	12 ± 2.5
	12 ± 2.5

	(b)
	UL RRC signaling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(c)
	DL RRC signaling
	- RRC message encoding at the transmitter
- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(d)
	Forwarding delay
	- Source eNB processing
- Packet transmission over the X2 interface

	5
	5


Table 13.20 shows the estimated mean value for each delay component assuming an FDD frame structure. The total average interruption time are estimated as below:

Contention-based access:

-
UL interruption time = 25 ms

-
DL interruption time = 18.5 ms.

Contention-free access:

-
UL interruption time = 12 ms

-
DL interruption time = 12 ms.



Note that these estimates may vary depending on the detailed procedures that are yet to be decided. Depending on how U-plane data forwarding is done between the source and target eNBs, the U-plane interruption time seen by the application layer may be increased due to possible duplicate transmissions of the forwarded data from the target eNB. However, in a typical case the U-plane interruption time is unlikely to exceed 100 ms. On the optimistic end, interruption times below 12 ms are possible.

The time spent between the instance when the UE decides to transmit the measurement report and the UE receives the HO command does not contribute to the U-plane interruption. However, this delay is also expected to be kept within a bearable limit in order to avoid radio link loss between the UE and eNB, and to avoid impact on capacity.
13.6.3
Means to minimise packet loss during handover
As a means to minimise packet loss during handover, packet forwarding from the source eNB to the target eNB is supported using the X2 interface. When the handover does not incur change of the serving eNB, the RLC and MAC status can be inherited after the handover. If the handover involves change of the serving eNB, packets that are buffered in the source eNB are forwarded to the target eNB via the X2 interface. Hence, packet loss due to handover can be avoided. The forwarding may take place in a service dependent and implementation specific manner [6].
13.7
Coverage

The requirements on coverage as fulfilling requirements on user throughput, spectrum efficiency and mobility cases is defined in [4]. It is also defined in [4] that LTE operation should not be precluded even in very large cells (up to 100 km).

System performance at larger cell size

The simulation cases defined in [2] covers cell ISD up to 1732 m. The fulfilment of the spectral efficiency and user throughput targets are discussed in Clause 13.5 and 13.4 respectively. This discussion is based on a number of diverse evaluation results submitted by a number of companies. A sub-set of these evaluation results also include evaluation for larger cell size up to an inter-site distance of 7500 m and a cell radius of 5000 m. These evaluations indicates that the relative gains in LTE system performance vs. the baseline configuration defined on TR25.912, for this larger cell ranges, are in the same order as or only somewhat lower than the corresponding gains for the smaller cell ranges (1732 m). 

Operation in very large cell sizes

TR25.913 [2] specifies that LTE operation should be possible with cell sizes up to 100 km. It should be noted that [2] explicitly points out that high performance is not expected in such extreme cases. 

One function that may limit the cell size is the random-access procedure. However, the support for very large cell size has been taken into account as part of the random-access procedure with the support of an adjustable random-access-burst length, see [2] clause 9.1.2.1.1.1

In case of TDD mode of operation ,an additional critical aspect is the timing advance at the transmitter side, in order to time-align reception/transmission at the corresponding receiver side. This is enabled by the possibility for a variable number of idle symbols at the downlink/uplink switching point, see [2] clause 6.2.1. In case of very large cells, a larger number of idle symbols may be needed which may lead to a large efficiency loss in case of frequent downlink/uplink switching points, e.g. every sub-frame. However, in very-large-cell scenarios, very low round-trip time is of less importance and this less frequent downlink/uplink switching points can be applied, implying less overhead due to idle symbols. Thus, at least in this respect, also LTE TDD supports very large cell sizes.
13.8
Support for point to multipoint transmission
It was found that E-UTRA point to multipoint transmission can be specified such that the corresponding requirements outlined in [4] can be met or exceeded.

The study confirmed the feasibility of efficiently multiplexing point to point and point to multi-point transmissions over the same physical channel structure thus allowing for simultaneous support of unicast and multicast services in the UE with minimum additional receiver complexity compared to UE supporting unicast services only. Such a structure also allows for the operation of point to multipoint transmissions on a separate carrier when there is a need for higher capacity as could be the case when offering mobile TV services.

The study found that with E-UTRA it would be feasible to operate point to multipoint transmissions as a single frequency network and benefit from energy combining without experiencing inter-cell interference; this is feasible provided that the cells are synchronized within a few micro seconds, that the OFDM symbol cyclic prefix duration is long enough compared to the time difference between the signals received from multiple cells; this also requires that the channel structure is such that at known time instants the exact same signal is transmitted from a cluster of neighboring cells; the UE will then receive the signals from multiple cells as if they were transmitted from a single cell; the interference contribution therefore only results from thermal noise and interference from cells not in the multicast cluster or cells which timing is significantly outside of the cyclic prefix. This mode of operation is often referred to as single frequency network (SFN) and is used in state of the art digital broadcast systems. E-UTRA would still allow point to multipoint transmission within a cluster of asynchronous cells. Four cases are identified depending on the network synchronization and content transmission:

-
Transmission with synchronous cells

-
Cell common point to multipoint transmission 

-
E-UTRA provides significant improvements over Rel-6 MBMS  (see Table 13.8-1)

-
Cell specific point to multipoint transmission

-
This scenario has not been fully evaluated but no significant gain is expected over Rel-6 MBMS.

-
Transmission with asynchronous cells 

-
Cell common point to multipoint transmission

-
E-UTRA is expected to perform worse than Rel-6 MBMS with combining of multiple cells. This assumes that for E-UTRA the UE would not support simultaneous data reception from multiple asynchronous cells.

-
Cell specific point to multipoint transmission

-
This scenario has not been fully evaluated but no significant gain is expected over Rel-6 MBMS.

13.8.1
Initial performance evaluation 
Table 13.21 provides a summary of the expected spectral efficiency of synchronized multi-cell point to multi-point transmission (i.e. SFN operation). The actual efficiency is directly related to the C/I at the edge of the cell and therefore highly sensitive to the maximum cell transmit power, the propagation loss (site distance, frequency band) and the cyclic prefix duration. The corresponding E UTRA requirements have to be clarified in order to proceed with the selection of the proper cyclic prefix duration for point to multipoint transmission.

Table 13.21: Spectral efficiency of SFN multicast for E-UTRA 

	Case
	Band

(MHz)
	Site to site distance

(m)
	Speed

(kph)
	SFN Multicast 

1% BLER, 95% coverage

(Mbps)

	1
	2000
	500
	3
	> 5.5 (1.1 b/s/Hz)

	2
	2000
	500
	30
	> 5.5 (1.1 b/s/Hz)

	3
	2000
	1732
	3
	< 2.5 (0.5 b/s/Hz)

	4
	900
	1000
	3
	> 5.5 (1.1 b/s/Hz)

	Note:
5 MHz allocation, all cell resource assigned to multicast services, reference signal overhead is accounted for, any other control channel overhead is not accounted for.


Additional details can be found in [5] and in clauses 7.1.1.6 and 8.1.3 of [2].
13.8.2
MBSFN performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios. For both the baseline UTRA and E-UTRA results, the spectrum efficiency figures match well between companies. Summaries of the results for simulation cases 1 - 4 are presented in Table 13.21. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. 
Table 13.21. Summary of MBSFN performance
	 Deployment
	Spectrum Efficiency
[bps/Hz]
	Inter-site Distance @ 1bps/Hz
[m]

	Case 1
	3.13
	1619

	Case 2
	3.02
	2310

	Case 3
	0.99
	1619

	Case 4
	3.18
	4375


13.X
VoIP performance evaluation
According to evaluation metric and assumption in [10], multiple evaluations that directly evaluate the uplink system performance of the LTE concept vs. the baseline configuration have been carried out. Efforts have been made to use realistic physical and link layer model. Further, fairness and coverage aspects are controlled through not only measuring average performance, but also cell-edge performance. The evaluations have been carried out by different sources/companies and for different scenarios. For both the baseline UTRA and E-UTRA results, the spectrum efficiency figures match well between companies. Summaries of the results for simulation cases 1 - 3 are presented in Table 13.xx. The figures for each system concept and metric have been obtained by averaging the results presented in the individual input papers. 
Table 13.XX:  Summary of UL and DL VoIP Capacity
	Deployment Scenario
	Average VoIP Capacity (users/sector)

	
	DL
	UL

	Case1
	317
	241

	Case2
	293
	-

	Case3
	289
	123
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