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Shifted EC-RACH operation
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, which mainly has an impact to 3GPP TS 45.002.
Shifted mapping
The EC-RACH has been investigated to operate well using four different coverage classes (CCs) using repetitions 1, 4, 16, 48, see [2]. It has so far been assumed that the CCs are aligned in time, meaning that at specific TDMA frames within the 51 multiframe, all coverage classes finish their period of blind transmissions. This is illustrated in Figure 1 where one of the blocks are highlighted to show this effect. That is, at TDMA frame number 15 within the 51 multiframe CC1, CC2, and CC3 will finish their blind transmission period.


[bookmark: _Ref437514909]Figure 1: Current mapping
In the BTS, this would either mean that between 1 to 3 coverage classes need to be demodulated and decoded at the same point, or alternatively that the load is balanced over time, meaning that for example two blocks of CC3 need to be buffered and that the demodulator can be called at the next TDMA frame instead where there is no overlap with other coverage classes than CC1 (in this example TDMA frame 16). This will instead put some requirements on the memory of the BTS, storing bursts for both block 0 (B0) and block 1 (B1) simultaneously.
It can also be noted that it is of interest to maintain the block repetitions within the 51 multiframe to get a contained repetition interval for the logical channel. This has given rise to three idle frames at the end of the 51 multiframe for CC2, CC3, CC4 since 4, 16 and 48 are not evenly divisible by 51.
Hence to more naturally spread the processing load and memory requirements, it is proposed to make use of the idle frame available to shift the EC-RACH mapping to avoid all coverage classes aligning in the same TDMA frame.
This is illustrated in Figure 2 where CC2 has been shifted 1 TDMA frame, CC3 by 2 TDMA frames and CC4 has been shifted 3 TDMA frames. This limits the processing to at most 2 demodulations (CC1 in every TDMA frame, and at most one more CC).


[bookmark: _Ref437515710]Figure 2: Shifted mapping
Discussion
Implications of using the shifted mapping is that overlaid CDMA cannot be applied across the TDMA frames when using 1 TS EC-RACH mapping. Overlaid CDMA could still be considered for the 2TS EC-RACH mapping, see [3].
Apart from this, it is not expected to have any negative impact to the EC-EGPRS performance. Rather a positive impact would be expected from the increased intra-cell interference diversity.
Conclusion
It is proposed to apply a shift to the mapping of EC-RACH to naturally spread the processing load and memory requirements of the BTS. The shift would apply to CC2, CC3 and CC4, which would ensure that at most 2 CCs need to be simultaneously processed by the BTS.
The implication of the shifted mapping is that overlaid CDMA cannot be applied on EC-RACH, at least not if using a 1 TS EC-RACH mapping. It could be considered to apply overlaid CDMA to the 2 TS EC-RACH mapping to improve interference suppression on EC-RACH.
[bookmark: _GoBack]The shifted EC-RACH mapping has been applied in the CR to 45.003 outlining the mapping of logical channels onto physical channels, see [4]. The use of overlaid CDMA has not been assumed to be used on the 2 TS EC-RACH mapping option in  [4].
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