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The baseline performance of both DL and UL NR channels has been studied for both FR1 and FR2 during Rel-17 study item 860036 “Study on NR coverage enhancements”. Several potential coverage bottlenecks have been identified at the end of the study item, as detailed in [1]. Potential bottleneck channels for FR1 are:
	· 1st priority
· PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
· PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)

	· 2nd priority
· PRACH format B4
· PUSCH of Msg.3
· PUCCH format 1
· PUCCH format 3 with 11bit
· PUCCH format 3 with 22bit
· Broadcast PDCCH



Potential bottleneck channels for Urban 28 GHz scenarios at FR2 are:

· PUSCH eMBB (DDDSU and DDSU)
· PUSCH VoIP (DDDSU and DDSU)
· PUCCH F3 11bits
· PUCCH F3 22bits
· PRACH B4
· PUSCH of Msg3

Enhancement recommendations formulated by RAN1 in [1] are not addressing all the channels in the lists above, but only PUSCH. No recommendation is formulated for non-data channels, for which consensus could not be achieved regardless of the quantitative and qualitative evidence stemming from the study [2], [3], [4].
2	UL RACH enhancements
Guaranteeing good uplink coverage becomes increasingly important to operators in real deployments, especially when commercial uses cases are considered (e.g., O2I coverage in FR2, where UE may not be able to exceed 12 dBm of Tx power in practice). This is especially true when channels and signals displaying coverage bottlenecks are involved in the UL part of the RACH procedure, i.e., PRACH and PUSCH of msg3 transmission, which in practice determines the actual cell radius within which UEs can access the network. 
2.1 	Multiple msg1 transmissions for PRACH coverage enhancement
Quantitative and qualitative evidence that legacy NR procedure can result in coverage shortage experienced by UE during msg1 transmission has been shown in [1], [3], [4]. More precisely, PRACH has been shown to display the poorest coverage performance after PUSCH in FR2, and among the poorest ones after PUSCH in FR [1]. Indeed, random-access procedure itself offers good performance whenever the UE does not experience coverage shortage. However, when the latter event occurs, the TX power that UE must use for its first msg1 attempt may be already close, if not equal, to the maximum TX power a UE can deliver. This event can occur both in FR1 and FR2 [1]. The PRACH enhancement proposed and studied during the study item to address the coverage shortage is called multiple msg1 transmissions, as detailed in [1]. A large majority of companies expressed favorable opinion on multiple msg1 transmissions to be recommended as PRACH enhancement [2]. 
[bookmark: _Toc57650865]Observation 1. Quantitative and qualitative evidence obtained during the study item highlights that legacy PRACH transmission can be affected by coverage shortage in both FR1 and FR2.
[bookmark: _Toc57650866]Observation 2. A large majority of companies expressed favorable opinion on multiple msg1 transmissions to be recommended as PRACH enhancement in RAN1. 
According to this solution, PRACH coverage shortage can be mitigated by letting the UE perform multiple msg1 transmissions before the end of the monitored RAR window. Such enhancement would take place after SSB beam has been selected by UE and would replace the legacy first step of the 4-step RACH procedure. No modification to any subsequent step of the 4-step RACH procedure is required to provide basic support to multiple msg1 transmissions. 
As documented in [1], transmissions can be performed by the UE over the ROs corresponding to the selected SSB beam, using either of these two options: 
a) same TX beam configuration for all the transmissions before the end of the RAR window. In this case, msg1 would be de facto repeated multiple times and the link budget gain would be realized by, for instance, combining multiple PRACH transmissions from the same UE at the gNB.
b) different TX beam configurations for each transmission before the end of the RAR window. In this case, UE can sweep different Tx beams during the multiple msg1 transmissions and gNB can, for instance, determine the best beam pair and construct msg2 accordingly. Link budget gain would be realized thanks to larger antenna array gain.
Graphical examples of how the enhancement would operate according to the two variants are given in Figure 1, where X multiple msg1 transmissions are depicted. Other variants are possible. It is also worth observing that two sources in [1] confirmed that non-negligible link budget increase can be achieved when multiple msg1 transmissions are considered, for both same or different TX beam configuration.
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(a) same TX beam is used for all transmissions before the end of monitored RAR window
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(b) different TX beam is used for each transmission before the end of the monitored RAR window


[bookmark: _Ref57048500]Figure 1. Multiple msg1 transmissions before the end of the RAR window
2.2 			PUSCH repetitions for msg3 coverage enhancement
Msg3 can be considered as the payload of a specific instance of PUSCH transmission occurring prior to RRC connection. Quantitative and qualitative evidence that legacy NR procedure can result in coverage shortage experienced by UE during msg3 transmission has been also provided in [2], [3], [4]. Coverage of msg3 is impacted by the non-negligible payload size of this message, and by the absence of proper RRC connection which entails a lower antenna array gain at both UE and gNB.  Indeed, msg3 transmission cannot enjoy all the features available for PUSCH when UE is in RRC_CONNECTED, e.g., slot aggregation/repetition. It is also worth observing that nine sources in [1] confirmed that non-negligible link budget increase can be achieved when PUSCH repetitions for msg3 are considered, for a number of different PUSCH configurations.
[bookmark: _Toc57650867]Observation 3. Quantitative and qualitative evidence obtained during the study item highlights that legacy msg3 transmission can be affected by coverage shortage in both FR1 and FR2.
[bookmark: _Toc57650868]Observation 4. A large majority of companies expressed favorable opinion on PUSCH repetitions for msg3 to be recommended as PUSCH for msg3 enhancement in RAN1. 
3	Additional considerations on system operations and specification effort
The design of enhancements targeting any step of the RACH procedure should be carried out while considering the impact in terms of system operations and specification effort such enhancements may entail. 
3.1 	Multiple msg1 transmissions for PRACH coverage enhancement
Multiple msg1 transmissions as described in Section 2 offer several guarantees in this sense. Such guarantees come in the form of:
· Configuration-dependent interference: no additional interference is generated by coverage enhanced (CE) UEs at the gNB during the reception of legacy msg1 transmissions if orthogonal resources are associated to CE and legacy UEs. If non-orthogonal resources are associated, then interference can be managed by gNB via suitable configurations. This is like Rel-15/Rel-16 operations, where gNB can control the amount of expected interference by proper PRACH configuration (256 PRACH configurations are supported for FR1 and 256 for FR2) and/or suitable higher-layer signalling via SIB2 (a multitude of additional higher-layer configuration options are supported [5]). Modulating interference among CE UEs can be done with the same flexibility.
· Configuration-dependent latency: like Rel-15/Rel-16, latency of the enhanced PRACH would be configuration-dependent. In most cases, latency of enhanced PRACH would be lower than legacy counterpart, thanks to the large flexibility offered by additional higher layer configuration options via SIB2 [5].
· Specification impact: Specification impact would be limited to 1 step of the 4-step RACH procedure, which currently displays coverage limitation as per results in [1]. RAN2 impact can be minimized by proper RAN1 design.
Given the above, including multiple msg1 transmissions in the WID for coverage enhancement in Rel-17 is not only a natural consequence of the results of the Rel-17 study item 860036 [1], [3], [4] but also a technically valid approach which provides robust guarantees in terms of impact on system operations and specification effort such enhancement may entail.
[bookmark: _Toc57215915]Proposal 1. Include multiple msg1 transmissions as PRACH enhancement in the CovEnh WID for Rel-17. 
3.2 	PUSCH repetitions for msg3 coverage enhancement
Including PUSCH repetitions for msg3 in the WID for coverage enhancement in Rel-17 is a natural consequence of the results of the Rel-17 study item 860036 [1], [3], [4]. Reducing the difference between RRC_IDLE and RRC_CONSIDERED PUSCH, i.e., by adding support for PUSCH repetitions for msg3 transmission should thus be considered for inclusion in the WID. Further elements supporting the inclusion of msg3 enhancement in Rel-17 NR coverage enhancement WID, together with an analysis of impact on system operations and specification effort such enhancement may entail, can be found in [6].
[bookmark: _Toc57215916]Proposal 2. Include PUSCH repetitions for msg3 in the CovEnh WID for Rel-17. 
4	Conclusions
In this contribution, we provided detailed arguments in favor of the inclusion of UL RACH enhancements in the form of multiple msg1 transmissions and PUSCH msg3 repetitions in the coverage enhancements WID of Rel-17. Based on the discussion, the following observations have been made:
Observation 1. Quantitative and qualitative evidence obtained during the study item highlights that legacy PRACH transmission can be affected by coverage shortage in both FR1 and FR2.
Observation 2. A large majority of companies expressed favorable opinion on multiple msg1 transmissions to be recommended as PRACH enhancement in RAN1.
Observation 3. Quantitative and qualitative evidence obtained during the study item highlights that legacy msg3 transmission can be affected by coverage shortage in both FR1 and FR2.
Observation 4. A large majority of companies expressed favorable opinion on PUSCH repetitions for msg3 to be recommended as PUSCH for msg3 enhancement in RAN1.
In addition, the following proposals have been made:
Proposal 1. Include multiple msg1 transmissions as PRACH enhancement in the CovEnh WID for Rel-17.
Proposal 2. Include PUSCH repetitions for msg3 in the CovEnh WID for Rel-17.
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