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1 Introduction

In this contribution we evaluate blocking probability when M-PDCCH and RAR are transmitted in the same narrowband and the narrowband is assigned per CE level for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1].

2 Blocking probability

In the following we evaluate the ‘blocking probability’ for M-PDCCH and RAR transmissions when they are transmitted in the same DL narrowband. Blocking in this case refers to situation when eNB should transmit in DL but does not have enough resources available. 
The assumptions are as follows:

· One DL narrowband is used (per CE level). Results correspond to one CE level. 

· Repetitions corresponds to total transmission time of both M-PDCCH and PDSCH (RAR) in ms.
· eNB either transmits the bundle of M-PDCCH and RAR repetitions or discards the transmission. Alternatively, when there are queueing places, one place corresponds to one transmission of the whole bundle of M-PDCCH and RAR repetitions. 

· Results are as function of DL arrivals, corresponding to eNB answering to PRACH preamble transmissions. Arrival process is Poisson. 
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Figure 1: Blocking when there are no queueing places.
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Figure 2: Blocking with queueing places for 100 repetitions. Queuing places could be seen to correspond to RA response window, where to get the size in ms we would need to multiply repetitions with the queue size.
Thus, as an example, around 10% blocking probability would be achieved when

· With no queue: Only couple of PRACH attempts are answered per second
· With queue and for total 100 repetitions: 5 - 10 PRACHs answered per second
For even higher repetition factors the blocking is naturally even higher than demonstrated here. 
Proposal:

· Support use of more than one narrowband per PRACH repetition level for M-PDCCH scheduling RAR.
3 Conclusions

In this contribution we have demonstrated blocking probabilities for M-PDCCH and RAR transmission in one narrowband in DL. 

 Proposal:

· Support use of more than one narrowband per PRACH repetition level for M-PDCCH scheduling RAR.
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