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Performance Comparison of 
CC5 EC-RACH Candidate Solutions
introduction
A WI on radio interface enhancements for EC-GSM-IoT has been started for Rel-14 [1]. One of the objectives is to introduce a new uplink coverage class which can provide minimum 3 dB improvement in MCL on uplink compared to existing coverage classes.
For the EC-RACH channel design and physical layer mapping as component of the new uplink coverage class CC5, two candidate solutions have been proposed in [2] and [3].
In this paper the link level performance for both candidates for the same number of blind physical layer transmissions and input data bits is analysed.
A possible realization of the receiver for the modified 2 TS EC-RACH design option [2] where the IQ accumulation is achieved without the need for additional buffering and increased receiver complexity is also presented.
The contribution furthermore lists a comparison of the two candidate designs for different evaluation aspects, such as link level performance, energy consumption, impact to BTS / MS design complexity and specification impact.
This document is updated version of the same document presented in EC-GSM Radio Interface Enhancement Telco#3. The updates are marked in blue color.
Candidate Solutions
This section summarizes the concepts of the two candidate solutions for EC-RACH of the new coverage class CC5. 
Modified 2 TS EC-RACH for CC5
This candidate modifies the existing 2 TS EC-RACH design where the transmission in the first timeslot is modified to apply to a burst with normal burst length allowing for multiple repetitions of the block of encoded data within the normal burst.
As part of this candidate design, the data bits are coherently transmitted 4 times within a TDMA frame, thus improving the overall link level performance at lower SINR level by IQ accumulation within the bursts and across bursts.
The design proposed in [2] is further modified as listed below to enable a fair performance comparison between both candidate solutions.
· The number of payload bits is increased to 11 in order to avoid any changes on protocol level to EC-RACH messages.
· The number of blind physical layer transmissions across TDMA frames is set to 66 and these transmissions follow the same mapping as depicted for the ESAB concept proposal [3].
Working assumption 1: The specification changes corresponding to CC5 2TS EC-RACH design using the modified 2TS EC-RACH design proposed by the sourcing company is aligned to the EC-RACH design proposed in [2] along with the above modifications.
Extended Synchronisation Access burst (ESAB) for CC5
The design is based on anew long access burst, which fits into 2 TS preserving the guard period of the access burst. This long access burst uses an extended synchronization sequence of length 140 bits along a higher number of data bits, i.e. 102 bits. With this option the channel estimation at lower SINR condition is expected to improve due to a higher number of synchronization sequence bits available for channel estimation. In addition, the lower code rate 1/6 for channel encoding is expected to further improve the robustness of the data bits.
comparision of the two candidate solutions
This section depicts a comparison of both proposed candidates listed in section 2.
Link level performance comparison
The link level performance for both candidates is simulated with the following simulation parameters as listed in table 1.
	Parameter
	Value

	Frequency band 
	GSM900

	Radio channel condition
	TU1.2nFH /TU50nFH

	Link level performance metric
	Sensitivity

	Number of simulated RLC blocks
	10000

	Number of bits for channel estimation
	modified 2 TS EC-RACH: 41+8 =49 
ESAB: 140 bit synch. sequence. It is generated by concatenation of TS4, TS5, TS6 and TS7 as defined in TS 45.002.

	Channel coding for RACH input bits
	modified 2TS EC-RACH:  11 input bits + 6 bit CRC, ½ rate convolutional encoding (K=7) with puncturing of 12 bits. Puncturing scheme approximates equal spacing.
ESAB: Channel coding as specified in [3].

	Number of blind physical layer transmissions
	66 (for both design candidates)

	Number of receive antennas
	2

	Combining of blind physical layer transmissions across 51-multifranes
	Coherent combining


Table 1: Simulation parameters for link level performance evaluation.
The comparative link level performance of both options for the different radio channel conditions is given in figure 1 and figure 2.
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Figure 1: Sensitivity Performance for both candidates (TU1.2nFH).
As per the above comparison, the link level performance of 2 TS EC-RACH design modified to accommodate a longer coherent transmission of encoded data bits according to [2] with the adjustment as depicted in section 2.1 for the TU1.2nFH radio channel is better than that of the ESAB design [3] by 0.5 dB.
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Figure 2: Sensitivity Performance for both candidates (TU50nFH).
As per the above comparison, the link level performance of 2 TS EC-RACH design for the TU50nFH radio channel is again better than that of the ESAB design by 0.5 dB.
Comparision of sensitivity and co-channel interference for ESAB and modified 2TS EC-RACH as per link level simulation results are captured in Table 2.

	Channel model
	Sensitivity Comparative gain [dB]
	CCI Comparative gain [dB]

	
	Modified 2TS EC-RACH
	ESAB
	Modified 2TS EC-RACH
	ESAB

	TU1.2noFH
	4.1
	3.6
	4.0
	3.5

	TU50noFH
	4.2
	3.7
	FFS
	FFS


Table 2: Relative Link Level Performance of modified 2TS EC-RACH and ESAB against CC4 2TS EC-RACH (TS 45.005) 
As per the above results, the modified 2TS EC-RACH performance requirements for 3GPP TS45.005 are superior to ESAB by 0.5 dB both for sensitivity and CCI.

BTS complexity impact due to IQ accumulation for modified 2 TS EC-RACH candidate
IQ accumulation for the modified 2 TS EC-RACH option without additional buffering is possible with few changes to the receiver processing as depicted hereafter.
The receiver considers the received bursts within the TDMA frame as a single long access burst and IQ-combines these long bursts across all relevant TDMA frames with random phase alignment across TDMA frames. On successful IQ accumulation of all the received bursts the receiver obtains single long burst which contains the symbols of first and second slot together. The receiver IQ combines the contents of the first and second slot and identifies the training sequence position based on the IQ combined symbols. 
Once the synch. sequence position of the IQ accumulated long burst is identified, the receiver IQ-combines the synch. sequence and data bit symbols within the single long burst and forms a single access burst of synch. sequence and data bits for further channel estimation. With this approach the receiver processing is simplified without the need for multiple IQ combining in parallel.
This approach first identifies the synch. sequence position within the long burst based on the accumulated long burst.  For detection and identification of the synch. sequence position, the signal condition achieved based on IQ combining across 66 TDMA frames is considered to be sufficient.
The modified 2TS EC-RACH contents and high level steps involved in obtaining single access burst out of all the transmissions is illustrated in Figure 3.
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Figure 3: Example for receiver IQ combining for modified 2 TS EC-RACH design.



This yields following observation.
Observation 1: IQ accumulation for the modified 2 TS EC-RACH candidate can be realised without increasing the BTS receiver complexity.
Memory Requirements for CC5 EC-RACH processing
For  2TS EC-RACH processing of Rel-13, the base station receiver needs to perform coherent IQ combining within TDMA frame and also IQ combining with random phase correction across TDMA frames. For this purpose, the base station receiver needs to maintain 2 IQ combining buffers for EC-RACH processing.
Reference Memory Requirements of CC4 2TS EC-RACH: 2 IQ buffers each having length length of 1 timeslot.
As per the design of the modified 2TS EC-RACH, only 1 IQ buffer of length equal to 2 time-slots is required for the IQ accumulation across TDMA frames. 
As per the design of the ESAB, one IQ buffer of length equal to 2 time-slot is required for IQ combining across TDMA frames.
In case of modified 2TS EC-RACH design, after the IQ combining across TDMA frames, the additional IQ combining is performed by means of a reception window spanning over time slots which does not require additional memory.
As both CC5 EC-RACH designs do not require any IQ combining within a TDMA frame the overall processing requirements of CC5 EC-RACH are less compared to 2TS EC-RACH design of Rel-13.
Observation 2: The additional memory requirements compared to the 2TS EC-RACH processing of Rel-13 for both design options of CC5 EC-RACH are roughly identical. 
Observation 3: The overall processing required for CC5 EC-RACH (both design options) is lesser compared to Rel-13 2TS EC-RACH as CC5 design does not require any IQ combining within a TDMA frame.  
1.1 Impact of Reuse of same Training sequence for CC4 and CC5 using OL-CDMA
The link level performance of CC5 EC-RACH channel when it co-exist with CC4 user as another overlaid CDMA subchannel for different SCPIR values were evaluated in [4]. The results are presented in Table 2 along with additional entry for SCPIR of 10 dB. 






Table 3: Input Signal level for Reference Performance CC5 2TS EC-RACH with OLCDMA multiplexing with CC4
	SCPIR(dB)
	CC5 2TS EC-RACH (Ref)
	0
	3
	6
	8
	10

	Input Signal level
	-132.0
	-132.0
	-132.0
	-131.5
	-131.0
	-130.8



Observation 4: The degradation on the link level performance of CC5 when it reuses the same training sequence as CC4 using overlaid CDMA is within 1.2 dB for SCPIR range of 10 dB. 
Note:  The maximum SCPIR possible between CC4 and CC5 depends on the coverage class range of CC4 and CC5. The combined range for CC4 (3 dB as per TS45.005) and CC5 (4 dB as per the above table) is 7 dB.  Considering the measurement inaccuracy of additional 3 dB for coverage class estimation based on DL, the link level performance evaluated upto SCPIR of 10 dB.
Comparison of selected evaluation aspects
A comparison of various evaluation aspects for both candidates is depicted in table 2.
	Evaluation aspect
	Modified 2 TS EC-RACH
	Extended Sync Access Burst (ESAB)

	Link Level Performance
	0.5 dB better than ESAB
	-

	Energy consumption
	No transmission on the GP of first timeslot (NB)
	Transmission required over all 245 symbols

	Collision with other coverage class on EC-RACH 
	With use of OL-CDMA it is possible to decode CC4 and CC5 EC-RACH. The performance impact for CC5 is evaluated as limited.
	The co-existence of CC5 and CC5 using ESAB is not evaluated. 

	Specification Impact
	Reuse of same Synch. sequence TS7 using OL-CDMA.

	New Long synch. sequence design is needed satisfying all the criteria of the EC-GSM-IoT TSC performance framework.

	
	Can be used for multiple CCCH.
	Requires changes in the synch. sequence design in order to be usable for multiple CCCH.

	MS Design complexity
	Existing burst sizes are reused so that no additional power vs. time relationship needs to be defined.
	New Long burst transmission mask is required at MS.

	Base station complexity
	Same channel coding scheme of EC-RACH with modified puncturing scheme is sufficient.
	Support of additional channel coding scheme 1/6 is required for EC-RACH

	
	IQ combining requires some manageable changes for additional IQ combining within the TDMA frame.
	No impact to IQ combining at receiver side.

	
	Soft bit generation and equalisation are needed only for 30 encoded data bits.
	Soft bit generation and equalisation are required for 102 encoded data bits, which increases the receiver processing cycles.

	Base station additional Memory requirements
	No additional Memory requirements compared to Rel-14 2TS EC-RACH processing.
	No additional Memory requirements compared to Rel-14 2TS EC-RACH processing.


Table 2: Comparison of various evaluation aspects.
Based on the above comparison, the changes required on basis of the existing 2 TS EC-RACH design, in terms of BTS and MS implementation impacts as well as specification impact, are considered as less for the modified 2 TS EC-RACH design candidate compared to the ESAB design candidate in order to achieve the required link level performance.
summary
In order to complete the Rel-14 specification for MCL improvement for uplink, a design which requires minimum changes to specification and BTS/MS implementations is preferred. Based on the above discussion, the sourcing company proposes to consider the modified 2 TS EC-RACH design for the specification work related to the new uplink coverage class CC5.
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Example for BTS Reception for IQ combining with single buffer

BTS receiver IQ-combines all 66 blind physical layer transmissions with random phase I I e . I e

correction and forms single long burst.
BTS receiver finds the first training sequence posi in the long burst and 10-combines | NN [N

synch sequence (S5) and data parts based on this position. s

Then it forms a single access burst containing S5 + Data

BTS receiver uses this access burst (S5 +Data ) for further receiver processing I





