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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN#86, the new SID on NR coverage enhancement was approved [1]. The following can be noted from SID objectives:
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
As noted in the SID, and further shown in our companion contributions [2], [3], PUSCH has been identified as bottleneck channel for NR. In addition, PUCCH may be considered for coverage enhancement if its maximum coupling loss is deemed insufficient. Channels other than PUSCH and PUCCH are considered as less problematic. However, specific applications and requirements for higher-frequency deployments, i.e., FR2, may entail the need of enhancing the coverage of channels other than PUSCH and PUCCH. Results presented by several companies during RAN1 #101-e and #102-e confirm that this is indeed the case in several scenarios, both for FR1 and FR2. In this contribution, we build upon this understanding to further investigate and demonstrate the need for enhancing at least PRACH and msg3 transmission.
2		RACH coverage enhancement
The following two agreements were made during RAN1 #102-e [4]
Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.
Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.


	






Both agreements pertain steps of the so-called random-access channel (RACH) procedure, which typically occurs when the UE wishes to establish or re-establish the radio connection with gNB. The goal of the procedure is to first inform the gNB of the UE’s presence, and then establish the RRC configuration for the UE to move from RRC-idle to RRC-connected state. Two options exist in this sense: CBRA and CFRA. The two processes differ in the way they manage any conflicts if several UEs simultaneously request initial access.
Random-access failure is a critical issue which may significantly reduce the effective cell radius. The root cause for a random-access failure is often the gNB not being able to receive and successfully decode msg3 transmitted from a UE seeking to access the cell. This has already been highlighted in discussions occurred during latest RAN1 meetings, i.e., #101-e #102-e, and is also evident from the results presented in our companion papers [2], [3]. Several reasons can be found to explain this behaviour. Indeed, if we focus on the available tools and features of Rel-15 and 16, two major drawbacks can be found:
1. RRC-idle operations do not allow 
a. UE to have complete information about the beam space during RACH, due to limited presence of reference signals to this end, if any;
b. gNB to rely on UE making use of beam correspondence, given the absence and requirements and guarantees in this sense, when UE is in RRC-idle;
2. Msg3 cannot enjoy all the advanced features of PUSCH, e.g., repetitions, and may not enjoy the full potential of existing features, e.g., frequency hopping. 
[bookmark: _Toc53783605]Observation 1. RRC-idle operations are affected by several limitations in terms of (i) lack of information about propagation environment at UE, (ii) impossibility for gNB to rely on UE making use of beam correspondence, and (iii) lack of advanced PUSCH features during msg3 transmission.
In this contribution, we focus our attention on these aspects and discuss options to reduce access failures and increase the effective cell-radius. 
2.1 RACH enhancements
We start by focusing on how msg1 transmission is performed in practical deployments. First the UE transmits a chosen preamble over a suitable time and frequency resource, i.e., a RACH occasion (RO), among the ones configured by gNB. Whenever initial transmission fails, msg1 can be retransmitted with increased power until either the UE receives msg2 from gNB, and continues the initial access procedure, or the UE reaches the configured max power and the random-access procedure is deemed unsuccessful. 
This procedure offers good performance whenever the UE is not in coverage shortage situations, which may require an initial transmit power for the first msg1 transmission which is already close to the maximum transmit power a UE can deliver. 
The risk of this event to occur is higher in FR2 due to more stringent transmit power limitations of commercial devices, which are modelled in this SI according to a recent RAN1 conclusion as devices that cannot exceed a transmit power of 12 dBm (as opposed to FR1 devices that cannot exceed 23 dBm). As a result, it may be extremely challenging to mitigate the coverage imbalance of DL and UL during random access procedure as illustrated in our companion contributions [2], [3]. Table 1 summarizes the MCL/MIL/MPL gaps between DL and UL during RACH illustrated therein for 4 GHz (Urban) and 28 GHz (Urban) scenarios. 
	
	MCL/MIL/MPL 
Gap between SSB and msg1

	FR1
	17.5 dB

	FR2 
(max TRP 12 dBm)
	16.5 dB

	FR2 
(max TRP 23 dBm)
	5.5 dB


[bookmark: _Ref53685137]Table 1. MCL/MIL/MPL gap between SSB and msg1 for FR1 (4 GHz Urban) and FR2 (28 GHz Urban)
The problem is further aggravated by the absence of information on the position of gNB and by the lack of both reference signals and beam management framework during access phase, which results in the following two issues:
· UE’s orientation may not be suitable to guarantee an efficient msg1 transmission towards gNB;
· In FR2, a RRC-idle UE may not know which TX beam to use for the transmission and opt for the use of a wider TX beam instead, sacrificing a large part of its antenna array gain (as we discussed in our companion paper [3]). Certainly, this is the only assumption gNB can make on the UE, as we discussed above, given the absence and requirements and guarantees for beam correspondence, when UE is in RRC-idle.
Concerning the last bullet specifically, we note that Rel-15 (and beyond) UEs may be equipped with more than one antenna array or panel, especially for FR2 operations. Such UEs could make use of several analogue/digital beams to increase the transmit/receive antenna array gain and improve the uplink (UL) radio link budget. However, UE can benefit from this potential increase in antenna array gain only if it knows in which angular direction to steer the TX beam used for transmitting, and this regardless of the number of both available panels analogue/digital beams the UE can make use of. Unfortunately, acquiring this information in the current random-access procedure, i.e., during RRC-idle operations, is not possible reliably, at least for the following reasons:
· One of the most important by-products of the transmission of SSB beams, and consequent reception of msg1, by gNB is the possibility for the latter to identify the angular direction of the UE (with a precision which depends on the number of used SSB beams). On the other hand, the same does not hold for the UE, which typically receives SSB transmissions with a wide RX beam. In practice, angular knowledge at the UE at this stage of the procedure can only be assumed to be at antenna panel level at the best, according to measured RSRP during SSB reception. In this case, only the best antenna/panel can be selected by the UE, e.g., the one that has received the signal with the highest measured RSRP, but not the TX beam (at the UE) which could offer the best antenna array gain.  
· Focusing specifically on FR2, it is safe to assume that a typical UE panel usually covers an angular sector of 90°. The only information UE has on gNB’s location after panel selection, if any, is that the gNB is is located within that 90° sector. A conservative and safer approach for the UE in this situation is then to ensure that at the least the nominal AE gain (due to its inherent beam pattern) is fully enjoyed during the transmission. In this case, a lower gain beam covering a wide angular sector is thus likely configured by the UE, to ensure that the transmitted msg1 is directed towards the 90° sector in which gNB is located. This implies that only a lower gain beam covering a wide angular sector can be configured by the UE, to ensure that the transmitted msg1 is directed towards gNB. If we let and  be the number of AEs and Tx chains at the UE, respectively, and with reference to the notation introduced in [2] and [3], then the effective antenna array gain at the FR2 UE during RRC-idle operations would be reduced in many cases by a factor 
,
which, according to the agreed panel configuration for FR2 UE in this SI, would amount to around 6 dB per RF chain (or, alternatively, 9 dB if only one RF chain is used).
[bookmark: _Toc53783606]Observation 2. UE can benefit from full antenna array gain only if the angular direction to steer the TX beam used for transmission is known. Acquiring reliably this information in the current random-access procedure, i.e., during RRC-idle operations, is not guaranteed.
[bookmark: _Toc53783607]Observation 3. Msg1 is a bottleneck in RACH procedure for both FR1 and FR2 relative to downlink coverage. 
2.1.1 Interplay between msg1 and msg3 during RACH procedure
At this stage, it is important to note that RACH procedure is currently designed in such a way that gNB can reasonably expect UE to transmit msg3 using the same configuration used for a successful msg1 transmission. Indeed, the only reliable option for the UE for msg1 and msg3 transmission is arguably the use of the selected antenna panel, if any, and the transmission using the same wide beam as the SSB transmissions was received with. In this context, inefficiencies and coverage issues affecting msg1 transmission would not impact only the first step of the 4-step RACH procedure but also the performance of msg3 transmission. Results in [2] and [3] corroborate this statement both qualitatively and quantitatively, i.e., the MPL difference between msg3 and SSB block can be more than 17 dB for FR2, when max transmit power is set to 12 dBm, as shown in Table 2. 
	
	MCL/MIL/MPL 
Gap between SSB and msg3

	FR1
	20 dB

	FR2 
(max TRP 12 dBm)
	17.5 dB

	FR2 
(max TRP 23 dBm)
	6.5 dB


[bookmark: _Ref53741426]Table 2. MCL/MIL/MPL gap between SSB and msg3 for FR1 (4 GHz Urban) and FR2 (28 GHz Urban)
This confirms that the limitations experienced by msg1 transmission, due to current structure of PRACH operations, also apply to msg3 transmission. More importantly, coverage shortage experienced by msg3 may be even more severe than what is experienced by msg1, given that UE:
· does not have more information about the propagation environment as compared to the available information during msg1 transmission;
· experiences the same coverage shortage limitations experienced during msg1 transmission;
· experiences additional PUSCH-related coverage limitations, and incomplete set of available PUSCH features to exploit.
In summary: coverage of both msg1 and msg3 is affected by the limitations of the PRACH transmission, which directly impact msg1 and indirectly impact msg3. Preliminary discussions about this effect have been carried out already during RAN1 #102-e’s discussions, where this aspect has been referred to as interplay between msg1 and msg3 for simplicity. 
Studying PRACH enhancements to increase the MPL of initial msg1 transmission and allow UE to increase the directionality of such transmission and enjoy a larger antenna array gain during access phase, is thus necessary.
[bookmark: _Toc53783608]Observation 4. Investigating PRACH enhancements to allow UE to enjoy larger antenna array gain during access phase, e.g., msg1 and msg3, and thus increase the MPL of initial msg1 transmission, is necessary.
[bookmark: _Toc53783787]Proposal 1. The need for PRACH enhancements should be included the TR and their further investigation should be part of the work carried out in the WI. 

2.1.2 Multiple PRACH transmissions
According to the current RACH procedure, msg1 transmission (and, likely, msg3 transmission as well) is performed by UE using a certain TX beam, wide or narrow this beam may be. If unsuccessful, this transmission can be repeated with increased power until either the UE receives msg2 from gNB or the configured max power at UE is reached (procedure continues in the first case with msg3, and continues re-trying with max power until successful or reaches the max Re-Tx count and fails in the second). In practice, there is no guarantee that:
· UE will transmit msg1 (and, likely, msg3), using a suitable and effective TX beam but simply one “TX beam”, regardless of the number of available TX beams at the UE;
· msg1 can be correctly received by gNB when max power at UE is capped at 12 dBm.
Several directions and designs could be investigated to address this issue. One promising direction has already been indicated by some companies during RAN1 #102-e and will be referred to as multiple msg1/PRACH transmissions henceforth. According to this direction, UE could perform multiple initial msg1 transmissions (i.e., prior to any retransmission with a power ramp step) to increase the PRACH coverage. Two approaches where sketched to illustrate how such multiple transmissions could be performed:
a) UE sweeps different narrow Tx beams during the multiple msg1 transmissions, aiming both at finding the best possible Tx beam pair for RRC-idle operations and at reducing the SINR at which gNB can decode msg1 (and msg3 afterwards);
b) msg1 transmission is repeated using the same TX beam, aiming at reducing the SINR at which gNB can decode msg1.
From our perspective, it is quite evident from the description of the two approaches that a) could be easily framed in order to encompass b) as well. In other words, different TX beams could be swept when such operation is allowed by the underlying antenna technology and procedure configuration, e.g., for FR2, and same TX beam could be used otherwise. This would indeed seem the most sensible approach from the technical perspective given that it would allow to:
· experience non-negligible MIL/MPL gains for both msg1 and msg3, at least when TX beam sweeping is used;
· make use of the potential of multiple antenna NR technology in RRC-idle state for coverage enhancement purpose.
Overall, letting UE transmit msg1 multiple times over multiple ROs prior to a nominal retransmission may improve MIL and MPL of both msg1 and msg1 thanks to larger antenna array gain. In more quantitative terms, if we focus on FR2, this would imply that  could be experienced for RRC-idle operations, with  when gNB is perfectly aligned with UE panel’s boresight. In practice, the likelihood of this event would strongly depend on the considered scenario, and parameters such as the device’s form factor, the chassis structure, the applied beam weights. More conservative average values of  may be in the range [1, 1.5] dB and, for this reason, have been assumed for our study in [3] instead of . With reference to Table 1, we remark that this would be enough to 
· almost null the MIL/MPL gap between SSB and msg1 transmission when UE max transmit power is 23 dBm and more than halve the MIL/MPL gap when UE max transmit power is 12 dBm;
· achieve around 65% MIL/MPL gap reduction between SSB and msg3, irrespective of the UE max transmit power.
[bookmark: _Toc53783609]Observation 5. UE can experience non-negligible MIL/MPL gains for both msg1 and msg3 when multiple msg1 initial transmissions are performed, at least when TX beam sweeping is used. More precisely, MIL/MPL gap between SSB and mgs1 (resp. msg3) can be halved (resp. reduced by 65%) when UE max transmit power is 12 dBm.
[bookmark: _Toc53783610]Observation 6. Performing multiple msg1 initial transmissions allows the UE to make use of the potential of multiple antenna NR technology in RRC-idle state for coverage enhancement purpose. 
[bookmark: _Toc53783788]Proposal 2. PRACH enhancements as investigated in this SI/WI to allow UE to enjoy a larger antenna array gain during access phase, and thus increase the MIL/MPL of initial msg1 transmission, are not only needed but should also include at least the so-called multiple msg1 initial transmissions.
Exploring the potential of multiple msg1 transmissions to increase (not only) the PRACH coverage would be fully aligned with the both the SID and agreements made during RAN1 #102-e. 
In this context, designing a procedure to allow the UE to perform multiple msg1 transmissions could be done according to several principles and logics. Indeed, different approaches may result in diverse possible trade-offs between important KPIs for the RACH procedure, such as coverage, collision probability, resource utilization, latency and so on.
A non-exhaustive list of possible aspects which could be considered and, if applicable, analysed in the context of the design of a multiple msg1 transmission procedure, follows:
· The number of msg1 transmissions during the initial msg1 transmission;
· The TX beam to be used for each initial transmission, e.g., same or different beam across the multiple msg1 transmissions (nature of the beam itself is implementation detail); 
· If TX beam used for each msg1 transmission is different, how to let UE know which one should be used for the following steps for RACH procedure;
· Only a subset of UEs may support multiple msg1 transmissions. gNB may need to be able to differentiate between UEs which support it and the others who do not, e.g., Rel-15 UEs;
· How to handle possible collisions between PRACH transmission with and without multiple msg1 transmissions, e.g., avoid them, reduce them, let them happen and so on.
[bookmark: _Toc53783611]Observation 7. Exploring the potential of multiple msg1 transmissions to increase (not only) the PRACH coverage would be fully aligned with both the SID and agreements made during RAN1 #102-e.
[bookmark: _Toc53783612]Observation 8. A non-exhaustive list of possible aspects which could be considered and, if applicable, analysed in the context of the design of a multiple msg1 transmission procedure, follows:
· The number of msg1 transmissions during the first msg1 transmission;
· The TX beam to be used for each initial transmission, e.g., same or different beam across the multiple msg1 transmissions (nature of the beam itself is implementation detail); 
· If TX beam used for each msg1 transmission is different, how to let UE know which one should be used for the following steps for RACH procedure;
· Only a subset of UEs may support multiple msg1 transmissions. gNB may need to be able to differentiate between UEs which support it and the others who do not, e.g., Rel-15 UEs;
· How to handle possible collisions between PRACH transmission with and without multiple msg1 transmissions, e.g., avoid them, reduce them, let them happen and so on.

The following table captures our evaluation results for PRACH enhancement:
	Solution
	Performance gain
	Key Assumptions

	Multiple PRACH transmission with different beams
	2 dB
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission
Enhanced scheme: bundle of 2 msg1 transmissions, each transmitted using a different narrow TX beam. Reported gain is the one corresponding to the highest measured RSRP at gNB.

	
	4.7
	Urban, 28GHz, O2I
Baseline scheme: one PRACH transmission 
Enhanced scheme: bundle of 4 msg1 transmissions, each transmitted using a different narrow TX beam. Reported gain is the one corresponding to the highest measured RSRP at gNB. 



2.2 [bookmark: _GoBack]Msg3 enhancements
Coverage issues affecting msg3 transmissions have been highlighted in the context of the discussions for Rel-17 AI 8.8, during RAN1 #102-e meeting [4] and confirmed by the results of our companion papers [2], [3]. 
As briefly mentioned in previous sections, msg3 can be considered as the payload of a specific instance of PUSCH transmission in RRC-idle state. Indeed, such message of non-negligible and deterministic payload is transmitted over PUSCH prior to RRC connection establishment. In practice, both its non-negligible payload and absence of proper RRC connection may strongly impact msg3 coverage, for instance due to a lower antenna array gain. Thus, considering specific PUSCH instances in which the coverage of this channel when msg3 is transmitted are taken into account, and of possible solutions to address its expected coverage shortage (for instance, but not limited to, msg3 repetition), should not only be encouraged in this AI but actually performed. The following five aspects can then be highlighted:
1. Although not being the transmission over the PUSCH whose throughput is the largest, the importance of msg3 in the context of RRC connections establishment is easy to assess. If RRC connection fails, the actual cell radius is reduced regardless of the nominal throughput which can be delivered over the PUSCH, once RRC connections is established. Thus, ensuring that coverage of msg3 is enough for both FR1 and FR2 applications is paramount.
2. msg3 transmission over RRC-idle PUSCH cannot enjoy all the features available for RRC-connected PUSCH, e.g., slot aggregation/repetition. Reducing, if not nulling, this difference between RRC-idle and RRC-connected PUSCH should be considered an important target of this AI.
3. Enhancements of existing features of RRC-idle PUSCH, e.g., frequency hopping, could also be considered if they provide evidence of a positive impact.
4. The MPL difference between DL and UL transmissions in RRC-idle state, e.g., between SSB and msg3, can be larger than 17 dB for both FR1 and FR2. It seems hardly realistic to envision the possibility to close this gap only by enhancing RRC-idle PUSCH operations and features for msg3, given the typical gain one may expect to experience when slot aggregation/repetition is considered (and/or possibly larger number of FH positions).
5. The only information gNB receives from UE prior to msg3 reception is msg1, i.e., the RACH preamble transmitted by the UE to inform gNB about the SSB beam over which the decoded PBCH has been received by UE. As discussed previously, an interplay clearly exists between the coverage of msg1 and msg3, given that

· msg3 can be transmitted by UE only if msg1 has been correctly received and decoded by gNB;
· the only information about UL propagation environment at the UE, e.g., the beam space and the best beam for the UL transmission, available for msg3 transmission can only be obtained during msg1 transmission.
Hence, the importance of the impact of PRACH enhancements on msg3 coverage should be accounted for in the TR and in the future WI. 

[bookmark: _Toc53783613]Observation 9. Ensuring that coverage of msg3 is sufficient for both FR1 and FR2 applications is paramount.
[bookmark: _Toc53783614]Observation 10. The only information about UL propagation environment at the UE, e.g., the beam space and the best beam for the UL transmission, available for msg3 transmission can only be obtained during msg1 transmission.
[bookmark: _Toc53783789]Proposal 3. The impact of PRACH enhancements on msg3 coverage should be accounted for in this SI/WI.
[bookmark: _Toc46611050][bookmark: _Toc46611828][bookmark: _Toc40311047][bookmark: _Toc53783790]Proposal 4. Solutions to reduce, if not to null, the difference between RRC-idle and RRC-connected PUSCH operations and performance, including at least approaches to increase TX antenna array gain at the UE such as multiple msg1 transmissions, should be considered in the TR as an important target of the future WI.
[bookmark: _Toc53783791]Proposal 5. Enhancement of the existing features of RRC-idle PUSCH, e.g., frequency hopping, could also be considered, if they provide evidence of a positive impact in terms of MCL/MIL/MPL.

2.2.1 Msg3 repetition
According to the results presented by companies during RAN1 #102-e, and the consequent agreements captured in the Chairman’s Notes [4], one of the most promising directions for PUSCH-only enhancements is the study of the potential of msg3 repetitions or, alternatively, slot aggregation for msg3 transmissions during RRC-idle state. 
In this section, we specifically focus on this approach and study the possible MCL/MIL/MPL increase brought by repeating msg3  times (assuming a Type-A PUSCH repetition framework is in place). We will consider two scenarios for this comparison, one for FR1, i.e., 4 GHz Urban, and one for FR2, i.e., 28 GHz Urban. For both scenarios, we will assume NLOS O2I propagation and use the 10%-BLER SINR [dB] of msg3 when no repetition is performed as the baseline (as per our results in [2] and [3]). The results of our study are detailed in Table 3.
	
	Baseline
	
	
	

	4 GHz Urban
	-1.29 
	-3.18
	-6
	-8.12

	28 GHz Urban
	-2.73
	-4.05
	-5.44
	-7


[bookmark: _Ref53769583]Table 3. 10%-BLER SINR of msg3 with and without repetitions.
Quantitatively, the MCL/MIL/MPL of msg3 is increased by 6.83 dB and 5.27 dB for 4 GHz Urban and 28 GHz Urban, respectively. A non-negligible positive impact is shown for both FR1 and FR2 studies, with significant 10%-BLER SINR reduction at every doubling of the number of repetitions. This highlights the potential of msg3 repetitions to be an important direction to consider for the TR and future WI.
The gains illustrated above can be seen as an important complement to the antenna array gain increase brought by PRACH enhancements, as investigated before, which can yield an aggregated MIL/MPL gain of around 10 dB for both FR1 and FR2. These results further confirm that PRACH enhancements should not categorized as an alternative to msg3 enhancements and, more in general, to RRC-idle enhancements but rather a fundamental complement.
[bookmark: _Toc53783615]Observation 11. Msg3 repetitions yield a non-negligible MCL/MIL/MPL gain for both FR1 and FR2, thanks to the significant 10%-BLER SINR reduction observed at every doubling of the number of repetitions.
[bookmark: _Toc53783616]Observation 11. The joint effect of PRACH enhancements and msg3 repetitions can yield an aggregated MIL/MPL gain of around 10 dB for both FR1 and FR2.  
[bookmark: _Toc53783792]Proposal 6. Msg3 repetitions shall be included in the TR as a possible solution for RRC-idle PUSCH enhancement and RACH procedure coverage increase.
[bookmark: _Toc53783793]Proposal 7. PRACH enhancements should not be categorized as an alternative to msg3 enhancements and, more in general, to RRC-idle enhancements but rather a fundamental complement in the context of both the TR and the WI.

3	Conclusions
In this contribution, we discussed coverage aspects of channels other than PUSCH and PUCCH in Rel-17. Potential directions for the study of such coverage aspects, and directions to investigate for identifying possible enhancements have also been discussed. The following observations have been made:

Observation 1. RRC-idle operations are affected by several limitations in terms of (i) lack of information about propagation environment at UE, (ii) impossibility for gNB to rely on UE making use of beam correspondence, and (iii) lack of advanced PUSCH features during msg3 transmission.
Observation 2. UE can benefit from full antenna array gain only if the angular direction to steer the TX beam used for transmission is known. Acquiring reliably this information in the current random-access procedure, i.e., during RRC-idle operations, is not guaranteed.
Observation 3. Msg1 is a bottleneck in RACH procedure for both FR1 and FR2 relative to downlink coverage.
Observation 4. Investigating PRACH enhancements to allow UE to enjoy larger antenna array gain during access phase, e.g., msg1 and msg3, and thus increase the MPL of initial msg1 transmission, is necessary.
Observation 5. UE can experience non-negligible MIL/MPL gains for both msg1 and msg3 when multiple msg1 initial transmissions are performed, at least when TX beam sweeping is used. More precisely, MIL/MPL gap between SSB and mgs1 (resp. msg3) can be halved (resp. reduced by 65%) when UE max transmit power is 12 dBm.
Observation 6. Performing multiple msg1 initial transmissions allows the UE to make use of the potential of multiple antenna NR technology in RRC-idle state for coverage enhancement purpose.
Observation 7. Exploring the potential of multiple msg1 transmissions to increase (not only) the PRACH coverage would be fully aligned with the both the SID and agreements made during RAN1 #102-e.
Observation 8. A non-exhaustive list of possible aspects which could be considered and, if applicable, analysed in the context of the design of a multiple msg1 transmission procedure, follows:
Observation 9. Ensuring that coverage of msg3 is sufficient for both FR1 and FR2 applications is paramount.
Observation 10. The only information about UL propagation environment at the UE, e.g., the beam space and the best beam for the UL transmission, available for msg3 transmission can only be obtained during msg1 transmission.
Observation 11. Msg3 repetitions yield a non-negligible MCL/MIL/MPL gain for both FR1 and FR2, thanks to the significant 10%-BLER SINR reduction observed at every doubling of the number of repetitions.
Observation 11. The joint effect of PRACH enhancements and msg3 repetitions can yield an aggregated MIL/MPL gain of around 10 dB for both FR1 and FR2.

In addition, the following proposals have been made:

Proposal 1. The need for PRACH enhancements should be included the TR and their further investigation should be part of the work carried out in the WI.
Proposal 2. PRACH enhancements as investigated in this SI/WI to allow UE to enjoy a larger antenna array gain during access phase, and thus increase the MIL/MPL of initial msg1 transmission, are not only needed but should also include at least the so-called multiple msg1 initial transmissions.
Proposal 3. The impact of PRACH enhancements on msg3 coverage should be accounted for in this SI/WI.
Proposal 4. Solutions to reduce, if not to null, the difference between RRC-idle and RRC-connected PUSCH operations and performance, including at least approaches to increase TX antenna array gain at the UE such as multiple msg1 transmissions, should be considered in the TR as an important target of the future WI.
Proposal 5. Enhancement of the existing features of RRC-idle PUSCH, e.g., frequency hopping, could also be considered, if they provide evidence of a positive impact in terms of MCL/MIL/MPL.
Proposal 6. Msg3 repetitions shall be included in the TR as a possible solution for RRC-idle PUSCH enhancement and RACH procedure coverage increase.
Proposal 7. PRACH enhancements should not be categorized as an alternative to msg3 enhancements and, more in general, to RRC-idle enhancements but rather a fundamental complement in the context of both the TR and the WI.

4. References

	[1] 
	C. Telecom, "RP-193240 New SID on NR coverage enhancement," 3GPP, Sitges, Spain, 2019.

	[2] 
	N. S. B. Nokia, "R1-2008701 Baseline coverage evaluation of UL and DL channels – FR1," 2020.

	[3] 
	N. S. B. Nokia, "R1-2008702 Baseline coverage evaluation of UL and DL channels – FR2," 2020.

	[4] 
	"Chairman’s Notes 3GPP RAN1 #102-e, August-September 2020.".




