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Additional EC-RACH mapping
Introduction
The EC-EGPRS feature is currently being specified in 3GPP Rel-13, see [1]. 
One of the main objectives of the work is to specify EGPRS operation in extended coverage, which includes the introduction of new logical channels.
This contribution addresses the random access channel, and the mapping of the EC-RACH channel onto the physical channel, investigating an optional additional EC-RACH mapping for discussion. The optional mapping will mainly have an impact to 3GPP TS 45.002.
EC-RACH mapping
Design
The EC-RACH has been investigated to operate well using four different coverage classes (CCs) using repetitions 1, 4, 16, 48, see [2]. These four coverage classes are illustrated in Figure 1 where one of the blocks are highlighted to more clearly illustrate how blocks are mapped. All blocks are however shown in the figure, filling up the full 51 multiframe for each coverage class, except the last three TDMA frames for CC2, CC3 and CC4, which are indicated as idle (although CC1 can still access in these TDMA frames).
It can be noted that a shifted mapping of the EC-RACH is also proposed in [6], but this does not impact the reasoning in this paper, and is hence left out.


[bookmark: _Ref439944865]Figure 1: Current mapping
Impact on coherency
During the CIoT study that led up to the WI on EC-GSM, and also during the WI phase there has been some discussion on the requirement on coherent transmission for EC-EGPRS. In an evaluation to the 3rd telco on EC-GSM and eDRX, see [3], it was shown that most logical channels were impacted negatively by not requiring coherency between TDMA frames, but that the negative impact was in most cases limited to 0.5 dB.
It was also shown in the contribution that the situation for the EC-RACH is somewhat different, see also Table 1, where performance has been investigated on link level using the same methodology as in [3]. The BLER level assumed for the EC-RACH is 20 %, aligned with the assumption in [4].
Compared to [3], two different algorithms (instead of one) have been used in the evaluation when assuming coherency. The first one is as described in [3] based on correlation (following the terminology in [3], called ‘Est 1’), and the second one is based on hypothesis testing. I.e. each received burst is shifted in phase based on a specific frequency offset assumption (called ‘Est 3’). The frequency offset resulting in the largest signal energy is chosen after all bursts have been received. This requires the BTS to be able to store all repetitions collected, before the demodulator is called (and that the bursts have been coherently transmitted). In the case of EC-RACH for the simulations performed in this contribution this number is 16, i.e. the number of contiguous EC-RACH bursts within a 51 multiframe.
For the EC-RACH there is a reason to use the hypothesis based receiver due to the large synchronization window required to receive the access burst, where it is challenging to find the wanted signal when performing the correlation. The detection of which frequency offset that should be compensated is also more robust with the hypothesis based estimator compared to the correlator one, as long as the granularity of the hypothesis are not too widely separated in frequency. In this investigation, a granularity of 5 Hz has been assumed. 
For the case when no coherency is assumed the same estimator as in [3] has been used, called ‘Est 2’. This estimator is also correlator based, but assumes a random phase between each pair of transmitted RACH bursts. For more details see [3].
Table 1 shows the degradation in Est 1 and Est 2 in relation to Est 3. 
· The degradation for Est 1 will hence show the relative performance loss due to a correlator based algorithm assuming coherent transmission, compared to a hypothesis based algorithm.
· The degradation for Est 2 will show the relative performance loss both due to a correlator based algorithm assuming coherent transmission, compared to a hypothesis based algorithm, but also due to the loss in coherency.
[bookmark: _Ref437797604][bookmark: _Ref437532252]Table 1: EC-RACH degradation (in dB) if not assuming coherency
	
	Blind repetitions

	
	2
	4
	8
	16
	32

	Estimator 1
	0
	0.2
	0.9
	1.6
	1.8

	Estimator 2
	0
	0.5
	1.6
	2.5
	2.9




As can be seen, estimator 3 is superior, and part of the reason is due to the large synchronization window required to receive the access burst, where it is challenging to find the wanted signal when performing the correlation. There is a somewhat larger sensitivity to this problem for Estimator 2 compared to Estimator 1 since only one burst at a time can be considered due to the loss in coherency. The performance degradation becomes more and more visible with increased number of blind transmission.
As a reference for absolute performance, at 32 repetitions, the EC-RACH performance for estimator 3 is roughly -16.0 dB @ 20 % BLER.
Additional EC-RACH mapping
A means to combat the loss in performance when not requiring coherency between TDMA frames is to map the EC-RACH over multiple TSs. 
Care need however to be taken when allowing such a mapping. In order not to have impact on other logical channels it should be avoided to spread the channel across more than 2 TS (i.e. not covering more than legacy CCCH and EC-CCCH). Also, legacy devices will make use of TN0 for the legacy RACH and hence in order to control the devices accessing the network it should be possible to control if TN0 should be used by EC-devices or not. This can be done in System Information, or possibly via signaling in the EC-SCH.
In the following performance comparison, the performance is only compared for estimator 2 (i.e. not assuming coherency) between the two mapping alternatives. The performance gain is shown per repetition number in Table 2.
[bookmark: _Ref437799454]Table 2: Performance gain from 2TS EC-RACH mapping, compared to 1 TS EC-RACH mapping [dB].
	Blind transmissions

	2
	4
	8
	16
	32
	48

	0.1
	0.6
	1.2
	1.3
	1.4
	1.5



As can be seen, the performance benefit increases with the number of transmissions, and, as shown in [4], the performance gain allows a reduction in repetitions from 48 to 32, while still reaching the MCL targeted.
The mapping used in the simulations make use of both TS for all transmissions of two or greater. The mapping for four of the Coverage Class options proposed in [4] are shown in Figure 2.


[bookmark: _Ref439944907]Figure 2: 2 TS EC-RACH mapping for 1, 4, 16, or 48 blind transmissions.
From a BTS point of view, the TSs over which CC2, CC3 or CC4 is transmitted can be blindly accumulated to ensure the processing gain. Hence, irrespective of mapping used (1 TS or 2 TS), the same procedure can be followed by correlating the single burst, or, in case of 2 TS EC-RACH, the two accumulated bursts, in TS1. When the accumulation period is complete, the equalizer is called using the same procedure irrespective of 1 TS or 2 TS EC-RACH mapping.
Discussion/Conclusion
[bookmark: _GoBack]It is proposed to introduce an additional EC-RACH mapping applicable to EC-EGPRS operation. The additional mapping is mapped onto both TN0 and TN1 and thus overlapping with the legacy RACH channel. It is thus proposed that the additional mapping is optionally used by the network (depending on the load of the RACH, and also the operator preference of mixing legacy traffic with IoT traffic) and that the use of the mapping be signalled in EC-SI or EC-SCH. There is no impact on the burst structure, or burst content, and hence from a device perspective, it is a matter of two options of mapping the logical channel onto physical channels.
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