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1. Overall Description:

Coverage improvement techniques for Low-Cost MTC UEs in extreme coverage scenarios have been studied in RAN1. TTI bundling, HARQ retransmission/repetition, coding spreading, RLC segmentation, low rate coding, low modulation order, power boosting/PSD boosting, relaxed requirement, design new channels/signals and small cells has been identified as a list of example coverage enhancement concept. The evaluations have been captured in the TR. Some coverage improvement techniques may have impacts on other WGs.
The following are some potential impacts on other WGs that RAN1 has identified.
For RAN2,

· Regarding technique of TTI bundling and HARQ retransmission, the following agreement is reached.
· For PDSCH, it is agreed that “Some specification impact is expected due to time domain repetition depending on the specific schemes, e.g. TTI bundling, HARQ retransmission etc. TTI bundling needs to be introduced in downlink if it is adopted to achieve time domain repetition which will impact TSG RAN1, RAN2 and/or RAN4 in terms of, for example, configuration of bundling window, composition of repeated subframes, etc.”

· For PUSCH, it is agreed that “Introduction of extended PUSCH bundling window and corresponding UL HARQ timeline and/or design of frequency hopping pattern combined with repetition will impact RAN1, RAN2 and/or RAN4.”
· Regarding technique of design of new channels or signals, the following agreement is reached.

· For PBCH, it is agreed that “depending on the considered techniques, specification impact may include the length of a longer period, the content conveyed in the new broadcast channel design, parameters used for intermittent transmission (e.g., duration and gap of transmission intervals), and spreading or other low rate coding schemes.”

· For PRACH, it is agreed that “Coexistence with legacy UEs (e.g. collisions probability, resource allocation) is required to be considered when discussing schemes like preamble repetition and/or new preamble format. The number of repetitions as well as the starting subframe should be predefined or configured by higher layer signaling.”
· For other techniques, the following is agreed.

· For PUSCH, “Introduction of shorter length CRC and RLC segmentation will impact RAN2.”
For RAN4, 
· Regarding technique of relaxed requirement, the following agreement is reached.

·   For PSS/SSS, it is agreed that “Simulations based on the assumptions listed in Annex show that this coverage improvement can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time than that for normal UEs. Initial synchronization (i..e, timing, frequency, and cell ID acquisition) requires up to 2 seconds per center carrier frequency for FDD, and possibly longer than this for TDD which needs about 6 dB more coverage improvement for PSS/SSS. Re-synchronization can be performed quicker than initial synchronization.” 

·   For PRACH, it is agreed that “PRACH performance is characterized by probability of miss (Pmiss) and probability of false alarm (Pfa). Relaxing Pfa would cost additional downlink resources to transmit random access response (RAR) for false detection. Relaxing Pmiss will make it easier to meet the coverage requirement, and can be used in addition to repetition and/or new preamble format. PRACH coverage requirement can be met by about 100 repetitions combined with relaxing Pmiss from 1% to 10%.”  Also, “The latency of PRACH would be increased by applying preamble repetition and/or new preamble format and relaxed requirement of Pmiss.”

· Regarding technique of power boosting/PSD boosting, it is agreed that power boosting/PSD boosting can be considered for PSS/SSS, PBCH, PDCCH/EPDCCH,PDSCH and Reference Signal. RAN4 specification impact “could arise from the larger variation in transmit power across subcarriers and its effects on EVM requirements”.

· Regarding technique of new channels and signals, the following is agreed.

·   For PSS/SSS, it is agreed that “A new PSS/SSS signal may need to be considered if the longer sync acquisition time and associated power consumption increase are not considered acceptable.” 

·   For PRACH, it is agreed that “PRACH can use techniques such as: repetition, design new preamble format, and relaxed requirement.”
2. Actions: 

To RAN WG4 and RAN WG2:  
RAN1 provides the attached TR to RAN2 and RAN4 for information.
3. Date of Next TSG-RAN1 Meetings:
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