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Modified EC-RACH

Introduction
Efficient EC-RACH channel design is one of the key aspects of EC-EGPRS to be standardized in Rel-13. At EC-GSM telco#2 the concepts of Shifted EC-RACH in [1] and Alternative EC-RACH in [2] were presented. At EC-GSM telco#4 the EC-RACH mapping was refined [3]. 
This contribution describes an alternative approach for the Shifted EC-RACH proposal. In section 2 the modified EC-RACH allocation is depicted, section 3 contains a comparison to already submitted proposals and section 4 evaluates the performance gain. 
MODIFIED EC-RACH allocation
This section depicts the proposal for a modified EC-RACH allocation. 
With regard to other submitted proposals, the scheme has following allocations for the coverage classes CC1 to CC4:
· CC1 and CC2 allocations are kept the same, i.e. TDMA frames 48 to 50 are not used by devices in CC2. 
· CC3 allocation is changed in that 17 blind physical layer transmissions are made rather than 16. 
· CC4 allocation is changed in that 50 blind physical layer transmissions are made rather than 48. 
The modified EC-RACH allocation is shown in Figure 1. 
[image: ]
Figure 1: Modified EC-RACH allocation.
By this allocation robustness of the access for devices operating in CC3 or CC4 can be further improved due to the increment in blind physical layer transmissions (1 for CC3 and 2 for CC4). Moreover this allocation bears the advantage that in any TDMA frame the BTS has to decode only two different CC’s reducing significantly complexity in the receiver. This is shown in Figure 1 through indication of the grey marked frames for decoding.
COMPARISON TO OTHER PROPOSALS ON EC-RACH OPERATIOn
In [2] the Shifted EC-RACH operation was proposed using the mapping shown in Figure 2. 


[bookmark: _Ref437515710]                            Figure 2: Shifted EC-RACH operation [2].

Due to the selected time shifts, the benefit of this proposal is that at maximum two CC’s have to be decoded in each TDMA frame, reducing the complexity of the BTS receiver. This proposal is based on 1, 8, 16 and 32 blind physical layer transmissions and meantime a higher number of blind physical layer transmissions for EC-RACH is foreseen as depicted in [3]. The corresponding mapping onto the 51-multiframe is shown in Figure 3. 


Figure 3: EC-CCCH/U, 1 TS EC-RACH [3].

This proposal is based on 1, 4, 16 and 48 physical layer transmissions for EC-RACH, which as for the EC-RACH concept proposal in [4] aligns the final blind physical layer transmission for different coverage classes (e.g. CC2 reception coincides with CC3 and CC1 and CC2 reception coincides with CC4 and CC1). This is considered as drawback by the sourcing company enforcing a complexity increase in the BTS receiver. Moreover it is unclear why the TDMA frames 48 to 50 have been excluded for transmissions from devices operating in higher coverage classes. This would require a modification of the random access procedure for devices in CC1 with higher weighting of these TDMA frames for channel access and contradicts the principle of creating randomness for the channel access time for distributing traffic peak loads. Moreover devices in higher coverage classes will experience higher pathloss compared to CC1 devices and are expected to be captured by CC1 devices in case of collisions. 
The proposal as depicted in section 2 there against is believed to yield superior performance over the above mentioned concept proposals, as it increments the blind physical layer transmissions for CC3 and CC4 devices in rather the same time interval and also allows for complexity reduction at the BTS receiver due to minimized concurrent required decoding in case of devices accessing the system belonging to different CC’s. Furthermore the slightly increased number of blind physical layer transmissions for CC3 may yield a slightly lower penetration of CC4 devices accessing the system, in case the device performs UL coverage class adaptation, although this gain may be rather small.
PERFORMANCE EVALUATION
[bookmark: _GoBack]This section depicts the performance evaluation on link level comparing sensitivity performance for the proposal in [3] with the modified EC-RACH proposal.
Simulation Assumptions
Simulation assumptions for both proposed configurations are depicted in Table 1.
	Parameter 
	Value

	Radio Channel 
	TU1.2noFH

	Logical Channel
	EC-RACH

	Number of blind PHY transmissions 
	CC3: 16 [3], 17 (modified EC-RACH) 
CC4: 48 [3], 50 (modified EC-RACH)

	Diversity
	2 RX diversity

	SNR range
	-5 dB…-11 dB (CC3)
-8 dB ...-13.9 dB (CC4)

	Impairments
	typical



     	Table 1: Simulation assumptions.
Simulation Results
Simulation results for both proposed configurations are depicted in Table 2.
	Coverage Class
	Performance gain over [3]

	CC3 (SNR = -9 dB)
	0.2 dB

	CC4 (SNR = -13 dB)
	0.1 dB



	Table 2: Simulation results.
The simulation confirms a small gain in sensitivity performance for the relevant SNR range of CC3 and CC4.
ConCLUSION
The modified EC-RACH allocation is proposed. This yields little improved sensitivity performance for devices in extreme coverage (0.2 dB for CC3 and 0.1 dB for CC4) and at the same time reduces complexity of the BTS receiver for the scenario of concurrent devices accessing the system and belonging to different coverage classes. It is proposed to discuss this proposal as the way forward for specifying the EC-RACH mapping for EC-EGPRS. 
referenceS
[1] 	GP-16xxxx, “Shifted EC-RACH operation”, Ericsson, GERAN Telco#2 on CIoT_EC_GSM and eDRX_GSM
[2] 	GP-16xxxx, “Additional EC-RACH mapping”, Ericsson, GERAN Telco#2 on CIoT_EC_GSM and eDRX_GSM
[3] 	GP-16xxxx, “Alignment of Coverage Classes for EC-EGPRS - telco#4”, Ericsson, GERAN Telco#4 on CIoT_EC_GSM and eDRX_GSM  
[4] 	3GPP TR 45.820, v13.1.0 “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things” 
	Modified EC-RACH
	    3GPP GERAN#69
	1 / 4



image3.emf
51 multiframe

TN1

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

9

2

0

2

1

2

2

2

3

2

4

2

5

2

6

2

7

2

8

2

9

3

0

3

1

3

2

3

3

3

4

3

5

3

6

3

7

3

8

3

9

4

0

4

1

4

2

4

3

4

4

4

5

4

6

4

7

4

8

4

9

5

0

TN1

TN1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 7 7 7 7 8 8 8 8 9 9 9 9

1

0

1

0

1

0

1

0

1

1

1

1

1

1

1

1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

TN1

TN1

Idle

Y

Block number Y

CC1:

CC2:

CC3:

CC4:


Microsoft_Visio_Drawing522.vsdx
51 multiframe
TN1
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
TN1
TN1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2



0
0
0
0
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
6
6
6
6
7
7
7
7
8
8
8
8
9
9
9
9
10
10
10
10
11
11
11
11



0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



TN1
TN1

Idle
Y
Block number Y
CC1:
CC2:
CC3:
CC4:



image1.emf
not used 

final burst of block X, 

decoding

0 1 3 2 45 7 6 89

1

1

1

0

1

2

1

3

1

5

1

4

1

7

1

6

1

8

1

9

2

1

2

0

2

2

2

3

2

5

2

4

2

7

2

6

2

8

2

9

3

1

3

0

3

2

3

3

3

5

3

4

3

7

3

6

3

8

3

9

4

1

4

0

4

2

4

3

4

5

4

4

4

7

4

6

4

8

4

9

5

0

51 multiframe

TN1

CC1

TN1

CC2

0 0 0 0 1 1 1 1 22 2 2 3 3 3 3 4 4 44 5 5 55 6 6 6 6 77 7 7 8 8 8 8 9 9 9 9

1

0

1

0

1

0

1

0

1

1

1

1

1

1

1

1

TN1

0 0 0 0 00 0 0 00 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2

CC3

TN1

0 0 0 0 00 0 0 00 0 0 0 0 0 0 0 0 00 0 0 00 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CC4

X X

burst of block X,

no decoding

TN1

0 0 0 0 00 0 0 00 0 0 0 0 0 0 0 0 00 0 0 00 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1


image2.emf
51 multiframe

TN1

TN1

TN1

TN1

TN1

Idle

Y

Block number Y

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

1

4

1

5

1

6

1

7

1

8

1

9

2

0

2

1

2

2

2

3

2

4

2

5

2

6

2

7

2

8

2

9

3

0

3

1

3

2

3

3

3

4

3

5

3

6

3

7

3

8

3

9

4

0

4

1

4

2

4

3

4

4

4

5

4

6

4

7

4

8

4

9

5

0

0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 7 7 7 7 8 8 8 8 9 9 9 9

1

0

1

0

1

0

1

0

1

1

1

1

1

1

1

1

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2


Microsoft_Visio_Drawing211.vsdx
51 multiframe
TN1
TN1
TN1
TN1
TN1

Idle
Y
Block number Y
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
0
0
0
0
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
6
6
6
6
7
7
7
7
8
8
8
8
9
9
9
9
10
10
10
10
11
11
11
11



0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5



0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2









