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1. Overall Description
In the RAN2 meeting #66 and #66b the usage for TTI bundling for RACH message 3 was discussed [3][6] to reduce the latency for C-Plane activation because of the HARQ re-transmission delay. The conclusion in RAN2 meeting #66b is:

“RRC+NAS concatenation, potentially in combination with TTI bundling, seems one mechanism to meet the IDLE->ACTIVE delay requirement. Should be captured in stage-2.”
In this contribution we provide a detailed link budget comparison between the RACH message 3 (Msg3) and PRACH even not considering RRC+NAS concatenation. Furthermore, according to the simulations the coverage or the latency of Msg3 is the bottleneck in all UL channels in Rel-8. It is proposed to adopt this small but essential enhancement in Rel-9. 
2. Link Performance
The simulation assumptions and link performance for Msg3 on PUSCH and PRACH are given in the Annex A and B. Different numbers of HARQ are taken into account in the simulations (results without implementation margin). 
For the minimum Msg3 which is composed of 56 bits [4] on the PUSCH, the most demanding requirement is residual BLER probability of 1%. In case of 10MHz system bandwidth and one HARQ transmission this is reached at an SNR of 5.5dB
The PRACH reaches a miss-detection rate of 1% for preamble format 2 at an SNR of about -12.2dB. The simulation assumption from [5] and simulation results are give in Annex B.
3. Link budgets
The link budget and parameters are shown in Table 1. For Msg3, different numbers of HARQ re-transmissions are taken into account with the minimum payload size.  Finally, the coverage area in case 3 with 3 dB interference margin is shown in the last line.

Table 1 Link budgets comparison between RACH preamble and message 3

	　
	RACH Message 3 (56bits)
	RACH Preamble format 1
	RACH Preamble format 2

	number of sub-frames
	1
	1
	1
	1
	2
	2

	number of transmission
	1
	2
	3
	4
	1
	1

	EIRP (dBm)
	24
	24
	24
	24
	24
	24

	Tx BW (kHz)
	180
	180
	180
	180
	1080
	1080

	eNB Noise figure (dB)
	2
	2
	2
	2
	2
	2

	eNB Noise power (dBm)
	-119.45
	-119.45
	-119.45
	-119.45
	-111.67
	-111.67

	Interference margin
	3
	3
	3
	3
	3
	3

	Required SINR (ETU 70)
	5.5
	-0.2
	-3
	-4.8
	-9.4
	-12.2

	Shadowing standard deviation
	8
	8
	8
	8
	8
	8

	Penetration Loss
	20
	20
	20
	20
	20
	20

	BS antenna gain plus cable loss
	14
	14
	14
	14
	14
	14

	Receiver  sensitivity (dBm)
	-110.95
	-116.65
	-119.45
	-121.25
	-118.07
	-120.87

	Coverage
	0.54
	0.79
	0.88
	0.92
	0.84
	0.91


Considering Msg3 and PRACH preamble format 2, receiver sensitivity and coverage are observed as the following:

· For the PRACH preamble format 2, it is seen that a cell-edge SINR of -12.2dB is reached for the required receiver sensitivity about -120.87 dBm. The coverage of PRACH preamble format 2 is about 91%.
· For the Msg3, it is seen that a cell-edge SINR of 5.5dB is reached for the required receiver sensitivity about -110.95 dBm. The coverage of Msg3 is about 54%.
· From the comparison the Msg3 is the bottleneck of the coverage in all UL channels. The required receiver sensitivity is 10dB higher than that for PRACH preamble format 2. 
The utilization of HARQ re-transmission for Msg3 can improve the coverage and loosen the receiver sensitivity. From table 1 it is illustrated that the minimum Msg3 with 4 times HRAQ transmission can reach the same coverage of PRACH preamble format 2, which will introduce additional 32ms latency for C-Plane activation at least. Note that the larger the payload size of Msg3 is, the more latency for C-Plane will be introduced. For example, if the payload size of Msg3 doubles, due to the power limitation of UE the number of HARQ re-transmissions will double to 8 at least which leads to additional 64ms latency.
4. Enhancement in Rel-9
Nowadays many innovative technologies are discussed for SI LTE-A in RAN1, such as CoMP, relay, bandwidth extension, higher order MIMO. Compared with these innovative technologies, the usage for TTI bundling for Msg3 is a small enhancement but essential. 
Small: TTI bundling for PUSCH is already supported in Rel-8. 
· It is very easy to implement TTI bundling for Msg3 in both eNB and UE sides.
· It is suggested a backward compatible and simple method to indicate UE with TTI bundling for Msg3. Small changes on UE behavior related to these signaling are needed. 
Essential: The Msg3 is the bottleneck of the coverage in all UL channels in Rel-8.
· TTI bundling for PUSCH. Less or equal to 3RBs and QPSK is restricted for PUSCH TTI bundling in LTE Rel-8. A typical application is utilized for VOIP traffic at the cell edge. Because all of PUSCH transmissions except Msg3 implement TTI bundling in Rel-8, the usage for TTI bundling for Msg3 on PUSCH is natural and easy to implement both for UE and eNB in Rel-9.

· ACK repetition on PUCCH. In the past years RAN1 has been taking great efforts to evaluate and analysis the necessity of ACK repetition on PUCCH. The repetition factor 2, 4 is accepted finally in LTE Rel-8 for the coverage extension of ACK repetition on PUCCH. Both the above simulation results and simulation results in [1] show the Msg3 is a more serious problem for the coverage. 

· Significant coverage enhancement or latency reduction according to the simulation results. Only 54% of UE can achieve 80ms delay on the average from IDLE to CONNECTED not considering the HARQ re-transmission delay or 92% of UE can achieve 80+24=104ms delay on the average which can not fulfills the LTE requirement in [8] (100ms) 
· Commercial deployment of LTE is ongoing which means if this problem cannot be resolved in Rel-9, we have to wait two or even more years until LTE Rel-10 will be finalized. It is of high cost for LTE Rel-9 deployment to support this small improvement.
Therefore, we suggest resolving this issue in Rel-9 instead of Rel-10 stage to make LTE more competent.
5. Conclusion 
In the contribution, link performance and link budgets are simulated for Msg3 and PRACH. It can be concluded that:

· The Msg3 is the bottleneck of the coverage in all UL channels in Rel-8
· The usage for TTI bundling for Msg3 is a small and essential enhancement and should be adopted in Rel-9 instead of Rel-10. Otherwise It is of high cost for LTE Rel-9 deployment to support this small improvement in the future
· Some of backward compatible and simple methods can be discussed further
Annex A
Table 2   Simulation assumptions for Msg3
	System Bandwidth
	10MHz

	CP
	Normal CP

	Channel model
	ETU 70

	Channel estimation
	RCE

	Channel coding
	Turbo coding

	Antennas configurations
	1 Tx, 2Rx

	Detector
	MRC

	Number of used RB
	1

	TBS for Msg3
	56

	Hopping mode
	Inter-subframe hopping

	Number of HARQ
	1,2,4,8

	PUSCH Symbols
	12 OFDM symbols


Table 3   Summary of simulation results for Msg3
	Test Case
	Number of HARQ
	SNR (Residual BLER = 1%)

	1
	1
	5.5

	2
	2
	-0.2

	3
	3
	-3.0

	4
	4
	-4.8

	5
	8
	-7.9


Annex B

Table 3   Simulation assumptions for PRACH preamble
	System Bandwidth
	10MHz

	CP
	Normal CP

	Channel model
	ETU 70

	Frequency offset
	270 Hz

	PRACH preamble format
	format 1/2

	Antennas configurations
	1 Tx, 2Rx

	Number of used RB for PRACH
	6

	False alarm
	0.1%
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Figure 1     Example of PRACH miss-detection rate for preamble format 1 and format 2
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