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Introduction
[bookmark: _Hlk23927392]In this contribution, we present our views on enhancing the coverage of channels and signals other than PUCCH and PUSCH. In particular, we discuss coverage enhancements for 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: Consider methods for enhancing coverage of broadcast PDCCH.
For enhancing coverage, time domain repetition can be considered broadcast PDCCH. In Rel-15, only inter-slot repetition is supported for unicast PDSCH and unicast PUSCH. If inter-slot repetition is used for PDCCH, UE is required to monitor PDCCH in multiple downlink slots thus increasing UE power consumption. Intra-slot repetition for PDCCH may be thus preferred considering the benefit on UE power saving. Note that intra-slot repetition for PDCCH may not be applicable to some Type-0 PDCCH configurations.
According to the link budget analysis in [1], there is a 5.4dB gap between broadcast PDCCH to PUCCH format 3, so a small number of repetitions upto 4 is sufficient. Introducing larger number of repetitions may add on scheduling restriction. A simulation result is shown in Figure 1. It can be seen that there are 2dB and 4dB gain achieved by 2 repetitions and 4 repetitions, respectively. If DMRS bundling is considered, the gains are increased to 3dB and 6dB.
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Figure 1. BLER curve for PDCCH repetition and DMRS bundling.
Observation 1: For broadcast PDCCH, 2 repetition and 4 repetition yield 2dB and 4dB gain respectively. If DMRS bundling is considered, the gains are increased to 3dB and 6dB. 
Proposal 2: Consider repetition for broadcast PDCCH coverage enhancement.
[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. 
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[bookmark: _Ref40121591]Figure 2. 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. 
Proposal 3: Methods for coverage enhancement of PRACH and Msg2 PDCCH should be studied for FR2.

[bookmark: _Ref40155592]Figure 3. 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. One of these approaches are beam-reporting by UE during RACH procedure or before that. Also, mechanism for enabling repetition and/or combining at receiver should be studied for enhancing the coverage of RACH messages.
[bookmark: _Hlk40378626]Proposal 4: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of RACH procedure in FR2. 
Proposal 5: NR should support beam-reporting during or before RACH procedure to enhance the coverage of RACH. 
Beam reporting by UE can be used simply as reporting a better SSB beam index, or selection of a refined beam for refinement of the SSB beam.
[bookmark: _Hlk47569336]Proposal 6: NR should support PRACH enhancement via PRACH repetition over multiple RACH occasions in FR2.
Proposal 7: NR should support Msg2 PDCCH repetition in time domain in FR2.
It should be noted that repetition of PRACH or Msg2 PDCCH, in addition to coverage enhancement for itself, can also benefit later messages (e.g. Msg3 PUSCH or Msg4 PDSCH) via beam refinement.


Figure [image: ]4. Example of PRACH repetition over multiple RACH occasions, together with beam sweeping (to be used for beam refinement for later messages). In this example, repetition of PRACH over multiple RACH occasions (associated with the same SSB beam) can be used for gNB-side beam refinement and also UE-side beam refinement (depending on how the beam sweeping is done). 

In Rel-15/16 4-step RACH procedure, the UE transmits an initial Msg3 based on the resource allocation in RAR. If the initial Msg3 transmission fails, the UE monitors the PDCCH with CRC scrambled by TC-RNTI to obtain the resource allocation for Msg3 retransmission. For both initial Msg3 transmission and retransmission, the UE is only configured to transmit Msg3 without a repetition.  
The link budget analysis showed that the coverage of Msg3 in 4-step RACH could be quite limited. For example, in the rural scenarios at 700MHz carrier frequency, the Msg3 has approximately the same coverage as the unicast PUSCH at 100kbps without repetition. The coverage for the unicast PUSCH when the repetition is enabled is expected to be better than that of Msg3. Furthermore, having multiple Msg3 retransmissions would increase the RACH procedure latency. Also, it would require higher PDCCH overhead since the UE would need to acquire DCI with CRC scrambled by RA-RNTI for receiving RAR and DCI with CRC scrambled by TC-RNTI to obtain the grant for initial transmission and retransmission. Hence, Msg3 should be improved for better coverage, lower RACH procedure latency and efficient PDCCH overhead. On approach to improve coverage of Msg3 is to support Msg3 PUSCH repetition which may be enabled for Msg3 retransmissions only. 
Proposal 8: Consider Msg3 PUSCH repetition as an enhancement technique to extend coverage of Msg3.    
Among the RACH messages, also Msg4 PDSCH needs coverage enhancement, as shown in the link budget analysis and link-level simulation results. One reason for the coverage issues of Msg4 PDSCH is its large size of payload (compared to Msg2 PDSCH) which can be easily more than a thousand bits. Another reason for the coverage deficiency of Msg4 PDSCH (compared to unicast PDSCH with even larger TB sizes) is that Msg4 uses wider broadcast beams and also, because of lack of SRS or CSI feedback, gNB cannot use efficient SVD-based precoder for its transmission and needs to rely on open-loop precoder. 
Proposal 9: NR should support coverage enhancement of Msg4 PDSCH, e.g. via PDSCH repetition.
Proposal 10: NR should support CSI acquisition during RACH procedure (e.g. via CSI feedback or SRS), as a method to enhance coverage of RACH procedure, especially Msg4 PDSCH.
It should be noted that CSI feedback can be either based on measurements on some CSI-RS (that needs to be introduced by NR), or based on measurements on other signals and channels (e.g. measurements on SSB). 

Conclusion 
This contribution discusses some potential techniques for enhancing coverage of channels other than PUSCH and PUCCH for FR1 and FR2. In particular, the following proposals have been made:
Proposal 1: Consider methods for enhancing coverage of broadcast PDCCH.
Proposal 2: Consider repetition for broadcast PDCCH coverage enhancement.
Proposal 3: Methods for coverage enhancement of PRACH and Msg2 PDCCH should be studied for FR2.
Proposal 4: Methods for enabling and improving gNB-side or UE-side beam refinement should be studied for coverage enhancement of RACH procedure in FR2. 
Proposal 5: NR should support beam-reporting during or before RACH procedure to enhance the coverage of RACH. 
Proposal 6: NR should support PRACH enhancement via PRACH repetition over multiple RACH occasions in FR2.
Proposal 7: NR should support Msg2 PDCCH repetition in time domain in FR2.
Proposal 8: Consider Msg3 PUSCH repetition as an enhancement technique to extend coverage of Msg3.    
Proposal 9: Methods for enhancing the coverage of Msg4 PDSCH should be studied.
Proposal 10: NR should support transmission of SRS or CSI feedback during RACH procedure, as a method to enhance coverage of RACH procedure, especially Msg4 PDSCH.
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