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Introduction
[bookmark: _Hlk23927392]In this contribution, we discuss our views on enhancing the coverage of channels and signals other than PUCCH and PUSCH. In particular, we discuss enhancements to broadcast PDCCH and RACH procedure.
Broadcast PDCCH Enhancements 
From link budget analysis in [1][2] for FR1 and FR2 respectively, it is observed that broadcast PDCCH coverage could be bottleneck for the urban scenarios in FR1 and for all considered scenarios in FR2 due to the low gain of the broadcast beams. Among the broadcast channels, RMSI PDCCH has more coverage issue. As a result, we propose to study techniques to enhance the coverage of broadcast PDCCH in the following proposal.
Proposal 1: Methods for enhancing coverage of broadcast PDCCH should be studied.

[bookmark: _Ref40433212]RACH Procedure Coverage Enhancements 
For FR2, there are more attenuation loss in the environment (compared to FR1) which makes FR2 coverage more challenging. Having larger number of antennas can help the coverage by increasing beamforming gain which can compensate part of the signal attenuation. However, there are limits on the refinement of broadcast beams and also additional signaling may be needed to ensure reliability of refined unicast beams, which are needed to support reasonable coverage for unicast channels. It is also important that different deployment modes of FR2, i.e. standalone (SA) and non-standalone (NSA) and different FR1+FR2 combinations, should be considered. Some of the following discussions are applicable mainly for SA, while others can be applicable to both SA and NSA.  Also, maximum permissible exposure (MPE) may put additional limits on the transmit power of UE, which can make UL coverage more challenging. However, there are UE implementation methods that can mitigate the effect of MPE limits.  
A main factor in FR2 coverage is the low gain of broadcast wide beams (which are dependent on the SSB beams). An example of hierarchical levels of beams is shown in Figure 1. Most of channels and signals related to initial access and random access can be coverage bottleneck, due to the low gain of the broadcast beams. Among the broadcast channels, RMSI PDCCH has more coverage issue, because of limited number of symbols in the CORESET (typically one or two symbols) which put a low limit on the total energy that can be transmitted. Similar coverage issue as RMSI PDCCH can affect msg2 PDCCH in RACH procedure. Also, because of relatively lower transmit power at UE, combined with the low gain of gNB wide receive beam, uplink transmission during RACH (especially Msg3) can be the coverage bottleneck. 

[image: ]
[bookmark: _Ref40121591]Figure 1. An example of hierarchical levels of beams, including the refined unicast beams and wider broadcast beams

To enhance the coverage for broadcast channels or RACH messages, some approaches such as repetition or beam refinement can be used. Also, methods such as HARQ retransmission can improve coverage in the case of bottlenecks such as Msg3 PUSCH which is discussed in [3]. However, using HARQ retransmission adds to the latency. 
Proposal 2: Methods for coverage enhancement for PRACH and Msg2 PDCCH should be studied for FR2.

[bookmark: _Ref40155592]Figure 2. gNB-side and UE-side beam refinement as tools for improving the received SINR and enhance coverage, by enhancing the beam gain (for transmitter or receiver)
Both repetition in time domain and beam refinement can increase the receive SINR. For beam refinement, we can have gNB-side vs UE-side beam refinement (as shown in Figure 2). 
Mechanisms that enable enhanced UE-side beam refinement or can enable gNB-side beam refinement during RACH should be studied as approaches for coverage enhancement. Also, mechanism for enabling repetition and/or combining at receiver should be studied for enhancing the coverage of RACH messages.
[bookmark: _Hlk40378626]Proposal 3: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of RACH procedure in FR2. 
[bookmark: _Hlk47569336]Proposal 4: NR should support PRACH enhancement via PRACH repetition over multiple RACH occasions in FR2.
Proposal 5: NR should support Msg2 PDCCH repetition in time domain in FR2.
Conclusion 
This contribution discusses some potential techniques for enhancing coverage in both FR1 and FR2. In particular, the following proposals have been made:
Proposal 1: Methods for enhancing coverage of broadcast PDCCH should be studied.
Proposal 2: Methods for coverage enhancement for PRACH and Msg2 PDCCH should be studied for FR2.
Proposal 3: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of RACH procedure in FR2. 
Proposal 4: NR should support PRACH enhancement via PRACH repetition over multiple RACH occasions in FR2.
Proposal 5: NR should support Msg2 PDCCH repetition in time domain in FR2.
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