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New Uplink Coverage Class CC5 
- EC-RACH Training Sequence Design

introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73. One of the objectives is to improve uplink coverage performance for low power devices (23 dBm) by minimum 3 dB with the delay and throughput performance of the device meeting the target values specified for the CIoT-LC system. To this purpose a new coverage class CC5 including the EC-RACH design using the modified 2TS EC-RACH burst format was proposed in [2]. 

In this paper, the training sequence design aspects for CC5 EC-RACH are discussed in further detail.  The link level performance of the 2TS EC RACH burst format proposed in [2] is compared against that of the Extended Coverage Access Burst format proposed in [3].

This document contains an update of the contribution presented at Telco#1 for Radio Interface Enhancements for EC-GSM-IoT with changes marked in blue.

discussion
As per Rel-13 specifications, the EC-RACH channel design is based on a coverage class specific training sequence, so that users of different coverage classes can be independently detected by the base station. If the same approach is extended in Rel-14 specifications, a new training sequence needs to be also defined for CC5 EC-RACH. The introduction of a new training sequence can be avoided, if CC5 is designed to reuse one of the existing training sequences defined for EC-RACH with an additional mechanism to distinguish the CC5 user.
With the use of the Overlaid CDMA approach over 2TS EC-RACH, as depicted in [2], it is possible to multiplex devices transmitting CC5 EC-RACH and CC4 EC-RACH access bursts using the TS7 training sequence. Moreover, the use of Overlaid CDMA for devices in CC4 and CC5 also improves the overall reception of CC4 and CC5 channel requests as the interference between CC4 and CC5 transmissions can be mitigated by use of Overlaid CDMA.
High level changes required for CC5 EC-RACH to use the same training sequence TS7 as for CC4 are as follows:
· CC4 2TS EC-RACH is kept without any additional changes. This is equivalent to CC4 EC-RACH using TS7 and Overlaid CDMA code 00.
· CC5 2TS EC-RACH uses TS7 and Overlaid CDMA code 01. The normal burst is transmitted in TN0 and the access burst is transmitted in TN1, the latter with the phase shift of ∏.
At the base station CC5 2TS EC-RACH processing is modified as below:
· The received symbols in TN0 and TN1 are stored for identification of the additional data bit positions after IQ combining across TDMA frames.
· Within TDMA frames, TN0 and TN1 contents are IQ combined after phase shifting the TN1 contents. The IQ combined signals are further IQ combined across TDMA frames.
· The training sequence position is detected based on the IQ combined bursts obtained in the previous step.
· Once the training sequence position is detected, the IQ combined data bits are further IQ combined with the additional data bits transmitted in the normal burst sent in TN0.
The training sequence and the Overlaid CDMA code assignment for CC4 and CC5 are given in table 1.
Table 1: TSC and Overlaid CDMA code for 2 TS EC-RACH in CC4 and CC5.
	Coverage Class
	Training Sequence
	OL-CDMA code

	CC4
	TS7
	00

	CC5
	TS7
	01



performance of EC-RACH multiplexing using OL-CDMA
The link level performance for multiplexing CC4 and CC5 EC-RACH transmissions using both TS7 and Overlaid CDMA is simulated considering the CC5 user being assigned the first subchannel which uses Overlaid CDMA code 01 and the CC4 user being on the second subchannel which uses Overlaid CDMA code 00 for different SCPIR ratios between first and second subchannel.
The link level simulation results in comparison to the reference CC5 performance with no concurrent reception of CC4 is provided in table 2.
Table 2: Link level simulation results for CC5.
	Configuration
	CC5 2TS 
EC-RACH
(No concurrent CC4 user)
	SCPIR=0 dB

	SCPIR=3dB
	SCPIR=6dB
	SCPIR=8dB

	Input signal level [dBm]
	-132
	-132
	-132
	-131.5
	-131.0



The link level performance is evaluated for different SCPIR values. The maximum SCPIR value for CC4 and CC5 transmissions using Overlaid CDMA depends on the coverage class range of CC4 and CC5. The CC4 range for EC-RACH (as per 45.005) is around 2.5 to 3 dB and expected CC5 gain (as per [2]) is around 4.5 dB. Thus, the SCPIR range will typically reach up to 7 to 7.5 dB. The obtained results indicate only a small degradation of 1 dB at SCPIR of 8 dB. Thus, the following working assumption WA 1 is made.
WA 1: CC5 2TS EC-RACH uses TS7 as training sequence which is shared with CC4. The 2TS EC-RACH in CC5 applies Overlaid CDMA code 01 for its transmission on TN0 and TN1 to be distinguished from a CC4 2TS EC-RACH transmission.
compartive performance of alternative DESIGNS for CC5 EC-RACH
For CC5 EC-RACH, two different burst formats are proposed for consideration [2], [3]. 
The format proposed in [2] uses a higher number of blind physical layer transmissions for the data bits within the 2 time slots and reuses the existing training sequence TS7 through Overlaid CDMA multiplexing. The link level performance of this proposed design is provided in section 3.
The link level performance for the 2 TS EC-RACH design approach with an extended training sequence [3] has also been simulated to check the comparative performance of both design approaches.
The new burst format contents aligned to [3] are described in table 3 below.
Table 3: 2TS EC-RACH burst format with extended training sequence. 
	Parameter 
	Bit size

	Tail bits
	8

	Extended Training Sequence
	213

	Encoded Data bits
	20

	Tail bits
	3

	Burst size
	244

	Guard bits
	69

	Total size
	313



[bookmark: _GoBack]The encoded data bit size is only 20 compared to 36 for the modified 2 TS EC-RACH as proposed in [2]. The reduction of data bits is possible as only minimum information needs to be sent for this design approach (i.e. 9 bits for BSIC). Table 4 provides the channel coding scheme used for the data bits in the performance evaluation.
Table 4: Channel coding for data bits of the Extended Coverage Access Burst [3].
	Parameter 
	Bit size

	Input bits including CRC
	9

	Tail bits
	4

	Convolutional Coding
	½ rate

	Puncturing
	6

	Encoded bits
	20




The training sequence used herein is the repetition of the 41-bit legacy RACH training sequence until the size of 213 bits.
The input signal level for reference performance of the above depicted 2TS EC-RACH design with extended training sequence is observed per link level simulations in comparison with that for the 2TS EC-RACH design considered in section 3 and is given in table 5.
Table 5: Comparison of link level performance of two design approaches for the CC5 EC-RACH.
	Design approach
	Input signal level for reference performance

	2TS EC-RACH (modified 2TS proposal, section 3)
	-132 dBm

	2TS EC-RACH (extended training sequence, section 4)
	-130.5 dBm



As per table 5, the 2TS EC-RACH format proposed in [2] is observed to perform superior than the extended training sequence format proposed in [3].
Observation: The coverage performance of the modified 2TS EC-RACH design using a higher number of blind physical layer transmissions of data bits within the 2 timeslots is superior than the 2 TS EC-RACH design using an extended training sequence.

summary
As per the depicted link level performance results, it is possible to multiplex CC4 and CC5 2TS EC-RACH transmissions using the Overlaid CDMA mechanism without significant impact to the coverage performance for the expected SCPIR range of up to 8 dB. The design approach in [2] is also observed to perform superior than the 2 TS EC-RACH design using an extended training sequence as proposed in [3].
The sourcing company proposes to agree on the working assumption WA 1, i.e. to apply the use of TS7 and Overlaid CDMA code 01 for CC5 2TS EC-RACH transmission, as basis for further specification work related to the CC5 2TS EC-RACH design.
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