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[bookmark: _Ref513464071]Introduction
[bookmark: _GoBack]This contribution discusses possible enhancements to improve coverage of other channels than PUSCH or PUCCH. It proposes to focus on enhancements for transmissions taking place during initial access (random access procedure), such as repetition for msg2 and msg3 and reporting in support of beam refinement during random access.
Enhancements for PDCCH and msg2
Initial evaluation results discussed in RAN1#101-e as part of SI on support of reduced capability [1] suggest that PDCCH may be a limiting channel for UEs subject to complexity reduction features such as single Rx antenna. RAN1 is expected to study and eventually specify enhancements to recover the coverage loss from reduced number of antennas at the UE. Although the enhancements would be primarily targeting reduced capability UEs, they could eventually also be implemented by non-reduced capability UEs if this would yield further coverage gains after enhancement of the uplink channels.
One possible enhancement is PDCCH repetition [2]. In PDCCH repetition, the UE may expect PDCCH with the same contents for more than one PDCCH candidate which may be in different PDCCH monitoring occasions. The UE can then combine more than one transmission to increase the probability of successful decoding.
One case where PDCCH repetition may be more likely to yield coverage gain benefits (even for UEs with baseline capabilities) is when it carries the random access response (RAR or msg2) and in FR2. As pointed out in [2], beams used during initial access are typically coarser than during normal operation which means that coverage bottleneck may occur at that point. If PDCCH repetition is supported for msg2, another possible enhancement is that the UE reports a channel quality estimate and/or an indication of the best PDCCH instance as part of msg3. This would support beam refinement when the network uses different beams for different PDCCH instances.
Proposal 1: Support enhancements to improve coverage of msg2, such as PDCCH repetition.
Proposal 2: Support enhancements to enable beam refinement during random access procedure.
Enhancements for msg3
In R16, link budget for msg3 can be increased by using HARQ retransmissions. However, these result in increase of latency for the RACH procedure as well as increased downlink control signaling overhead. The total number of HARQ retransmissions required for msg3 in coverage-limited conditions can also be quite high for initial access in FR2 given that refined beams may not be available. Enhancements allowing consecutive K repetitions for msg3 suggested in [3]-[8] and as already supported for PUSCH in the general case would be very beneficial.
Proposal 3: Support msg3 repetition.
Conclusion.
This contribution proposes to support the following enhancements:
Proposal 1: Support enhancements to improve coverage of msg2, such as PDCCH repetition.
Proposal 2: Support enhancements to enable beam refinement during random access procedure.
Proposal 3: Support msg3 repetition.
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