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[bookmark: _Ref396137062]Introduction
At RAN#73 a Work item on “Radio Interface Enhancements for EC-GSM-IoT” [1] was approved. One of the WI objectives is: 
· MCL improvement targeting at least 3 dB for low power devices (i.e. 23 dBm) on all uplink channels.
It is further stated that the following will be considered:
· New coverage class for uplink channels to improve the coverage performance of low power devices including at least:
· design of new channel coding schemes for EC-PDTCH and EC-PACCH uplink channels with increased number of blind physical layer transmissions with allocation in 2 and 4 consecutive PDCHs.
· definition of an increased number of blind physical layer transmissions for 2TS EC-RACH, investigation on modified channel coding and alternative burst types with predefined longer synchronization sequences for improved coverage performance for EC-RACH channel.
This document focuses on improving the EC-RACH channel.
RACH improvements
The legacy access burst is shown in Figure 1. It consists of 8+3 tail bits, 41 syncronization bits, 36 payload bits and a guard period of length 68 bits.


[bookmark: _Ref466033283]Figure 1: Legacy access burst format.
Blind physical layer transmissions
For the EC-RACH, the blind physical layer transmissions are spread over 1 or 2 timeslots, and multiple TDMA frames. Since the transmitter is not required to provide coherent transmissions between TDMA frames, the receiver needs to estimate the phase difference between received bursts in consecutive TDMA frames in order to compensate for any phase difference before accumulating the bursts. With the receiver operating in very low SNR regions, it is a challenge to detect the phase difference, which results in a sub-optimum accumulation of the bursts, and hence in a non-ideal processing gain.
The phase difference detection is done by comparing (e.g., correlating) bursts in consecutive TDMA frames. Ideally samples during the guard period should not be included in this comparison. But one of the problems for the receiver is to even find the burst, in a receiving window of around 70 bits, due to the limited length of the synchronization sequence (see Figure 1).
For these reasons, increasing the number of blind physical layer transmissions will lead to a sub-optimum usage of the resources due to the abovementioned non-ideal processing gain (many more blocks will be transmitted than are actuality required).
This is shown in Figure 2 where it can be seen that the actual experienced processing gain deviates more and more from the ideal gain with an increasing number of transmissions.
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[bookmark: _Ref460926865]Figure 2: Ideal vs real processing gain
New access burst formats
The legacy access burst and two alternative access burst formats are shown in Figure 3. 


[bookmark: _Ref466028193]Figure 3: Legacy access burst format and two candidates for new access burst formats.
The 1 TS Extended Coverage Access burst has an extended synchronization sequence compared to the legacy access burst. Its length is 88 bits compared to the legacy sequence of 14 bits. This enables improved detection of the presence and sync position of the access burst, which in turn is expected to improve the phase shift estimation and therefore the processing gain.
The 2 TS Extended Coverage Access burst is extended over 2 timeslots and has a synchronization sequence length of 244 bits. This will improve the detection of the sync position of the burst, which is expected to improve the phase shift estimation and therefore the processing gain. The extended burst length will also directly improve the phase shift estimation through an increased processing gain.
Performance
The performance gain is for further study. A rough estimate of the processing gain of the 2 TS Extended Coverage Access burst is 10log10(244/41) = 7.7 dB.
Impact on the random access procedure
With the introduction of new access burst formats the network can only detect that an access attempt from a device with the lower output power class has been made.  This means that the procedure to assign resources for further system access also needs to be modified. This will as today be done on EC-AGCH but with some modifications.
1. Assign UL resources on EC-PDTCH and continue the contention resolution as today. This assumes that an accurate timing advance value can be estimated on the EC-RACH (since the guard period on the EC-PDTCH is limited, and hence the transmission need to be done with a correct TA value)
2. Assign UL resources through a single EC-PACCH allocation (sent in response to the long sync based access request sent on the EC-RACH) where the MS uses the corresponding EC-PACCH resources to transmit a set of regular access bursts (i.e. without TA, and with the payload size of 11 bits, encoded to 36 bits, as shown in Figure 1). The content of the message can be the existing EC PACKET CHANNEL REQUEST, or a modification thereof to better suit the access type. In this case the wireless devices then looks for a response on the downlink EC-PACCH corresponding to its assigned uplink EC-PACCH and when a matching response is received it uses the uplink EC-PDTCH resources assigned therein and continues the contention resolution as per legacy operation.
In both cases listed above a maximum time for which the access request is ‘valid’ should be determined using system information that indicates how long a MS should look for a response on the EC-AGCH after sending a long sync based access request on the EC-RACH. In addition, information within the response sent on the EC-AGCH can identify the value of the “Last TDMA Frame” in which the corresponding access request was received on the EC-RACH. This will help ensure a MS does not act on a response sent on the EC-AGCH:
· for which it is the intended recipient but the response has experienced excessive delay (which would reduce the efficiency of radio resource utilization including TBF establishment failure) or;
· which is intended to address a long sync based access request from a different MS (which would increase the risk of contention between multiple devices)
Considering the first procedure, the risk of having multiple MSs accessing at the same time and finding the matching response in the EC-AGCH is increased since currently a 3 bit random reference is used in the access channel request, and these three bits are echoed back in the message sent on the EC-AGCH. This provides for example two MSs accessing at the same time only to have a 1/8th risk of colliding. With the extended coverage access burst there is no way to distinguish two users already at the EC-RACH channel. I.e. any two, or more, users accessing using the same physical resources on the UL will monitor the same EC-AGCH on the DL and consider the content to be valid, if addressing the same previous access on the EC-RACH channel. However, it should be considered that the MSs making use of the extended coverage access burst will only be the ones with the lower output power class in the system, and also only the ones that are subject to a high level of extended coverage. These devices will only be a fractional portion of the overall devices in the system, and thus, this by itself will provide a level of protection from collisions of users using the same physical resources in the access channel request.
Alternatively, if the battery consumption penalty induced by the absense of random reference bits is considered too high, inclusion of a small payload in the 2 TS Extended Coverage Access burst can be considered. 
Conclusion
Two new extended coverage access burst formats are proposed. The 1 TS Extended Coverage Access burst has the same length as the legacy access burst but an extended synchronization sequence at the cost of a removed payload part. The 2 TS Extended Coverage Access burst is extended across two timeslots. Also for this format the payload part is removed to maximize the length of the synchronization sequence.
The extended coverage long sync based access bursts are intended to be used in conjunction with blind physical layer transmissions in the same order (or moderately increased) as today.
Since no payload is carried by the extended coverage access burst, a modified random access procedure is needed to convey the equivalent information at a later stage.
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