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Training Sequence Selection for
CC5 EC-RACH using EDAB

1. introduction

The WI for radio interface enhancements for EC-GSM-IoT [1] was completed at the RAN6#4 meeting. As part of this WI, two burst formats are introduced for CC5 EC-RACH operation, namely EDAB and ESAB. As per Rel-14 specification, the EDAB (Extended Dual slot Access Burst) will use the same training sequence (TS7) as that of CC4 EC-RACH and applies the OL-CDMA concept for its 2 TS transmission to differentiate from CC4 EC-RACH.
As part of the agreed way forward for CC5 EC-RACH design in [2], the possibility for assigning the training sequence for EDAB based on supported coverage classes needs to be investigated by RAN6#5.

This paper discusses aspects related to training sequence selection for EDAB depending on the number of supported coverage classes in the network.

2. current solution for edab
As per latest Rel-14 specifications the EDAB format consists of a burst equal to normal burst size in TN0 and a burst with size equal to access burst in TN1. These bursts use the training sequence TS7 which is also used for EC-RACH CC4 in both timeslots for 2TS EC-RACH, but use OL-CDMA code 01 for applying the phase shift between the bursts in contrast to CC4 2TS EC-RACH. Use of OL-CDMA for EDAB allows simultaneous decoding of EC-RACH CC4 and EC-RACH CC5 using EDAB based on the OL-CDMA concept. 

In case 1TS EC-RACH is configured for existing coverage classes, i.e. CC2 to CC4, the CC4 transmission on TN1 and the second burst transmission of EDAB will collide where both use the same training sequence. In this case the impact for the CC4 user from EDAB is similar to another CC4 user whose uplink coverage condition is at CC5 coverage level. For the CC5 user this will result in increased interference on TN1 while combining these transmissions using OL-CDMA.
The use of the OL-CDMA concept for EDAB is proposed to reuse the existing training sequences for the EDAB format when all five coverage classes on UL are configured in the cell.
However, in case the number of UL coverage classes supported by a Rel-14 base station including CC5 is configured to be 4 or lesser, a different solution is possible where the CC5 EC-RACH transmission can be realized without the need for applying OL-CDMA.

3. proposal

For a Rel-14 base station supporting CC5, it will support 5 coverage classes in total. In this case only CC1 and CC4 are mandatory to be supported by the base station and the support for other coverage classes is controlled via EC System Information parameters (CC2_RANGE_UL, CC3_RANGE_UL and CC4_RANGE_UL).

If the operator choses to reduce the number of coverage classes from 5 to 4, the sourcing companies expect the suitable set of coverage classes to be CC1, CC2, CC4 and CC5. Because CC2 is expected to provide a sufficient step size from CC1 for extended coverage from CC1 (6 dB according to TS 43.064) and the CC3 step size from CC2 for extended coverage is relatively small (3 dB according to TS 43.064), selection of CC3 will be rather rare and hence CC4 can be used for this coverage range resulting in a slightly higher resource usage for this small coverage range. For CC1, CC2, CC4, CC5 combination the step size between coverage classes is symmetric and hence optimum taking into account CC estimation errors. For this configuration of coverage classes, TS6 (TS for CC3) can be used as training sequence for CC5.

When the base station does not support any of the two coverage classes CC2 or CC3, It can be specified that MS has to use  the training sequence TS5 orTS6 or TS7 to be used for CC5. 
4. performance evaluation of cc5 EC-RACH for training sequenceS TS6 and TS7
The input signal level for reference performance for TU1.2nFH and the ratio for CCI performance for TU1.2nFH are evaluated for EDAB using training sequence TS6 against TS7 using link level simulations. The results are shown in table 1.
	
	Channel Condition
	EDAB(TS7)
	EDAB(TS6)

	Input Signal level for reference Performance
	TU1.2nFH
	-132 dBm
	-131.8 dBm

	CCI
	TU1.2nFH
	-17.5 dB
	-17.0 dB


Table 1: Comparison of EC-RACH performance using TS6 against TS7.

As per above simulation results, the degradation of link level performance of EC-RACH CC5 using EDAB format with TS6 is within the limit of 0.5 dB. 
5. proposed TSC FOR CC5 for different network configuration

If the base station supports CC5 and configures  different set of coverage classes for EC operation, the TSC for EC-RACH CC5 using EDAB format is proposed to be chosen depending on the EC-RACH timeslot configuration as follows:
If 2TS EC-RACH operation is configured, TS7 is assigned for CC5 EC-RACH with OL-CDMA (code 1) applied across the 2TS (irrespective of how many coverage classes the base station supports). In this case, the intra cell interference between CC4 and CC5 EC-RACH is minimised due to use cancellation of other coverage class due to OL-CDMA concept.
If 1TS EC-RACH operation is configured, training sequence is assigned based on the coverage classes supported, as follows 

· TS6 is assigned if CC1, CC2, CC4, CC5 is supported by the serving cell.

· TS5 is assigned if CC1, CC3, CC4, CC5 is supported by the serving cell.

· TS6 is assigned if CC1, CC4, CC5 is supported by the serving cell.
· TS7 is assigned if all Coverage classes (CC1 to CC5) are supported by the Serving cell. Here a small degradation is expected as mentioned above.
· 
· 
· 
As indicated above the TSC to be assigned for CC5 EC-RACH depends on the network configuration.
Working Assumption 1: For network configurations involving 1TS EC-RACH, it is possible to assign TS6 or TS5 for CC5 EC-RACH. To enable such configuration, there will be additional clauses specified in TS 45.002 depicting what training sequence should be used by MS for different configurations of coverage classes. 
6. specification impact

Following are high-level changes required to the specifications to include the support for selection of the training sequence for EC-RACH CC5 using EDAB format.
·  An additional clause is added to TS 45.002 to indicate TS to be used based on configured coverage classes. TS 44.018 shall refer to TS 45.002 for choosing a TS in case a CC5 EDB MS has to access network.
· An additional note is required for the EDAB burst format definition to indicate that the TSC to be used. The tail bits of the EDAB burst format also need to be adjusted to the selected TSC depending on the EC System Information type 2 parameter. Impacted Specification: TS 45.002.
Working Assumption 2: The tail bits of the EDAB format require modification when TS6 or TS5 is used as training sequence for EDAB. The burst format specified in TS 45.002 is modified to support TSC selection (TS5 or TS6 or TS7) for EDAB. 

7. summary

The sourcing company proposes training sequence selection using TS5 or TS6 or TS7 for the EDAB format depending on the configured coverage classes in the cell as indicated in working assumption 1. With this proposal, it is possible to assign a separate training sequence for CC5 for some network configurations which avoids the intra cell interference impact of CC5 with CC4. In such cases the OL-CDMA configuration is not required to be used for CC5. Specification changes to Rel-14 specifications are provided in [3] and [4].
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