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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
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]. On the other hand, enhancement recommendations formulated by RAN1 in [1] are not addressing all the potential bottleneck channels, but only PUSCH. Identifying suitable directions and items to be considered for inclusion in a WI on NR coverage enhancements for Rel-17 may not be straightforward in this context. In this contribution, we provide our views and observations on the WID scoping and propose suitable guidelines for this process.
2	Views on enhancements prioritization
Most of the potential coverage bottlenecks identified for FR1 and FR2 in [1] are UL channels. Only few recommendations for inclusion in the WID are formulated by RAN1 in the conclusion section therein, namely three enhancements for PUSCH. Consensus on two additional enhancements for PUSCH could not be achieved in RAN1.
A similar situation is observed for PUCCH and channels other than PUSCH or PUCCH, regardless of the quantitative and qualitative evidence of coverage limitations of these channels stemming from the study [2], [3], [4]. Indeed, no consensus on the 4 and 2 shortlisted enhancements for PUCCH and channels other than PUSCH or PUCCH, respectively, was achieved.  Decision on the inclusion of these enhancements in the WID has been deferred to RAN.
In this context, the need for suitable guidelines for scoping the WID drafting is evident. In our view, two paramount principles shall be considered to account for results and outcome of the study, while preserving the feasibility of the objectives of the WI: 
· Minimum performance requirements should be met but scope should be reasonable; 
· Both use-case relevance of each considered enhancement and the extent of its possible impact across different network deployments and frequency ranges should be considered.
A set of proposals for the WID scoping are proposed in the following.
2.1 Considerations on PUSCH enhancements
The following PUSCH enhancements have been recommended by RAN1 for inclusion in the WID:
a) [bookmark: _Hlk57393924]PUSCH repetition type A enhancement;
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.
b) TB processing over multiple slots;
c) Joint channel estimation or DMRS bundling.
Beneficial effect of the three enhancements on NR PUSCH link budget is evident from [1]. In our view, inclusion in the WID should be considered for all three. We consider any discussion on Option 1 and Option 2 of a) is premature at this stage. 
[bookmark: _Toc57651913][bookmark: _Hlk57627425]Proposal 1. The following three enhancements for NR PUSCH should be included in the CovEnh WID for Rel-17:
· PUSCH repetition type A enhancement;
· TB processing over multiple slots;
· Joint channel estimation or DMRS bundling.
[bookmark: _Hlk57394024]Of the remaining studied but not recommended enhancements, it may be worth focusing on one in particular, i.e., the Sub-PRB transmission with multi-slot aggregation for PUSCH targeting VoIP services.  The enhancement has been the object of long technical discussions and analyses during the study, especially during RAN1 #103-e. While we acknowledge the potential of this enhancement in terms of link budget increase, which is indeed expected if proper design is considered, its use-case may be arguably limited. Hence its inclusion in the WID may not be justified due to its relatively large specification work and gNB implementation effort which would be necessary to support it. Indeed, non-negligible normative and implementation impact should be expected for at least frequency domain resource allocation, TBS determination, DM-RS pattern, hopping pattern within/between the PRBs, PUSCH signal generation for DFT-s-OFDM waveform and RF requirements.
[bookmark: _Toc57653628]Observation 1. Beneficial effect on NR PUSCH link budget of the three recommended enhancements in TR 38.830 is evident and widely acknowledged. 
[bookmark: _Toc57653629]Observation 2. Limited use-case of sub-PRB transmission with multi-slot aggregation for PUSCH targeting VoIP services does not seem to justify the relatively large specification work and gNB implementation effort which would be necessary to support it.
2.2 	Considerations on PUCCH enhancements
No recommendation about enhancements for PUCCH has been included in [1]. Consensus could not be achieved in RAN1 on the urgency of such enhancements and on their possible nature. For the sake of completeness, it should be noted that this was the case for any channels other than PUSCH. On the other hand, it could be argued that result analyses presented discussed in [1], [3] and [4] show that need for PUCCH enhancements is lower than the need for enhancements to channels/signals involved in RACH procedure, both in FR1 and in FR2. This observation is quite straightforward if a comparison maximum isotropic loss (MIL) values for channels other than PUSCH across the different scenarios in FR1 and FR2 studied in TR 38.830 is made. Table 1 can be used to this end. 
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[bookmark: _Ref57630730]Table 1. Summary of maximum isotropic loss (MIL) values for channels other than PUSCH across different scenarios in FR1 and FR2 studied in TR 38.830.
As can be seen from the table, both PRACH and msg3 deliver a lower coverage than PUCCH Format 1, and lower than PUCCH FR3 as well (including both payload size in the count) in around 75% of the cases. Hence, enhancements for channels other than PUSCH and PUCCH should be given higher priority if any non-PUSCH enhancement is considered for inclusion in the WID. This statement will be further substantiated in the next section.
[bookmark: _Toc57653630]Observation 3. The need for PUCCH enhancements is lower than the need for enhancements to channels/signals involved in RACH procedure, both in FR1 and in FR2.
[bookmark: _Toc57651914]Proposal 2. Enhancements for channels other than PUSCH and PUCCH should be given higher priority if any non-PUSCH enhancement is considered for inclusion in the NR CovEnh WID for Rel-17.
Further considerations can be made based on the outcome of the study item and the dynamic of the discussions RAN1 had during #102-e and #103-e, where several very controversial aspects arose. Two noteworthy examples in this sense have been the discussions on DMRS-less PUCCH and PUSCH-repetition-Type-B like PUCCH repetition. In particular, it is clear that DMRS-less PUCCH has significant impact in terms of receiver implementation which cannot be made arbitrarily small irrespective of the existing implementation, and of large normative work which would be necessary to support it. At the same time, the enhancement itself addresses a limited use-case, and hence the cost-benefit of including this objective in the WID is not favourable from our perspective. Similar observations apply to PUSCH-repetition-Type-B like PUCCH repetition, but to a lesser extent.
[bookmark: _Toc57653631]Observation 4. Normative RAN1 work on DMRS-less PUCCH may require more TUs than any other enhancements to be completed, including more important enhancements for PUSCH. Limited use case and large impact at the receiver do not seem to justify its inclusion for CovEnh WID. 
[bookmark: _Toc57653632]Observation 5. PUSCH-repetition-Type-B like PUCCH repetition has been the second most controversial PUCCH enhancement discussed in RAN1, and convergence is expected to be slow in an eventual normative phase. 
While far from being widely acknowledged as needed and beneficial, other enhancements for PUCCH discussed in TR 38.830 have stirred much lower controversy. The implementation impact and possible normative work to support them has also been labeled as minor as compared to the two enhancements discussed above. In this sense, if any PUCCH enhancement is included in the NR coverage enhancement WID for Rel-17, priority should be given to:
· Dynamic PUCCH repetition factor indication, for which coverage gain are expected for medium payload size, i.e., PF3.
· DMRS bundling across PUCCH repetitions, which can improve channel estimation quality for back-to-back PUCCH repetitions could be considered for consistency with recommended PUSCH repetitions
[bookmark: _Toc57651915]Proposal 3. Inclusion of DMRS-less PUCCH and PUSCH-repetition-Type-B like PUCCH repetition in the NR CovEnh WID for Rel-17 is not justified. 
[bookmark: _Toc57651916]Proposal 4. If any PUCCH enhancement is included in the NR CovEnh WID for Rel-17, priority should be given to Dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.
2.3 Considerations on channels other than PUSCH and PUCCH
As discussed in our companion papers [5] and [6], the coverage of the UL channels and signals are involved in the UL part of the RACH procedure, i.e., PRACH and PUSCH of msg3 transmission, has a fundamental impact on the actual cell radius within which UEs can access the network.  In this context, results in  [1], [3] and [4], and partially summarized in Table 1 for convenience, provide quantitative and qualitative evidence that legacy NR procedure can result in coverage shortage experienced by UE during msg1 and msg3 transmissions. The extent of this issue is not surprising, given that many reference signals necessary for the CSI-RS/SRS-based beam management framework to be feasible are exchanged between gNB and UEs only after RRC connection is established. Further, resorting to beam correspondence to address the issue is not a viable and reliable option due to the absence of requirements and guarantees in this regard, prior to RRC connection establishment. In practice, RRC_IDLE operations are subject to strong penalties in terms of actual exploitable antenna array gain both at UE and gNB, as compared to their RRC_CONNECTED counterparts. 
[bookmark: _Toc57649782][bookmark: _Toc57653633]Observation 6. Quantitative and qualitative evidence obtained during the study item highlights that both legacy PRACH and msg3 transmissions can be affected by coverage shortage in both FR1 and FR2.
[bookmark: _Toc57649783][bookmark: _Toc57653634]Observation 7. RRC_IDLE operations are subject to strong penalties in terms of actual exploitable antenna array gain both at UE and gNB, as compared to their RRC_CONNECTED counterparts. 
As a result, channels and signals part of UL RACH procedure can often become a coverage bottleneck for the NR system [1], [3], [4]. This problem affects network deployments in both FRs in several commercially relevant cases. Noteworthy examples for operators in FR1 are rural deployments where good performance of initial access procedures is of paramount importance due to the large distance between UE and gNB. The extent of this problem is of evident significance for FR2 as well, where the impact of UE’s TX power limitation of commercial devices, i.e., max TRP of 12 dBm, and architectural constraints of beam-based interface are arguably larger. For instance, ensuring good performance for access to all UEs in Urban environment is fundamental, knowing that a large majority of them is expected to be indoor and penetration loss is larger.
As documented in [1] and [2], two enhancements have been extensively discussed in RAN1 and considered as potential enhancements for channels other than PUSCH and PUCCH:
· PRACH enhancements for short formats for FR2
· Multiple PRACH transmissions with the same beam;
· Multiple PRACH transmissions with different beams.
· PUSCH repetitions for Msg3
Given the above observations, from our perspective it is evident that both enhancements should be considered for inclusion in the coverage enhancement WID, with highest priority after PUSCH enhancements. The large relevance of their use-case is clear. The same clarity holds for the objectives associated to these enhancements, i.e., enhance the LB of msg1 and msg3 by increasing the practically exploitable antenna array gain at both UE and gNB and by increasing the number of available PUSCH features in RRC-IDLE as compared to its RRC_CONNECTED counterpart. Finally, and as discussed in detail in our companion paper [RACH], these enhancements provide robust guarantees in terms of their impact on system operations and the necessary specification effort to support them, thanks to the clear understanding RAN1 has of the technical aspects underlying these enhancements.
[bookmark: _Toc57649784][bookmark: _Toc57653635]Observation 8. PRACH and msg3 enhancements provide robust guarantees in terms of impact on system operation and specification efforts such enhancements may entail. 
[bookmark: _Toc57649846][bookmark: _Toc57651917]Proposal 5. Include multiple msg1 transmissions as PRACH enhancement in the CovEnh WID. 
[bookmark: _Toc57649847][bookmark: _Toc57651918]Proposal 6. Include PUSCH repetitions for msg3 in the CovEnh WID. 
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. Beneficial effect on NR PUSCH link budget of the three recommended enhancements in TR 38.830 is evident and widely acknowledged.
Observation 2. Limited use-case of sub-PRB transmission with multi-slot aggregation for PUSCH targeting VoIP services does not seem to justify the relatively large specification work and gNB implementation effort which would be necessary to support it.
Observation 3. The need for PUCCH enhancements is lower than the need for enhancements to channels/signals involved in RACH procedure, both in FR1 and in FR2.
Observation 4. Normative RAN1 work on DMRS-less PUCCH may require more TUs than any other enhancements to be completed, including more important enhancements for PUSCH. Limited use case and large impact at the receiver do not seem to justify its inclusion for CovEnh WID.
Observation 5. PUSCH-repetition-Type-B like PUCCH repetition has been the second most controversial PUCCH enhancement discussed in RAN1, and convergence is expected to be slow in an eventual normative phase.
Observation 6. Quantitative and qualitative evidence obtained during the study item highlights that both legacy PRACH and msg3 transmissions can be affected by coverage shortage in both FR1 and FR2.
Observation 7. RRC_IDLE operations are subject to strong penalties in terms of actual exploitable antenna array gain both at UE and gNB, as compared to their RRC_CONNECTED counterparts.
Observation 8. PRACH and msg3 enhancements provide robust guarantees in terms of impact on system operation and specification efforts such enhancements may entail.
In addition, the following proposals have been made:
Proposal 1. The following three enhancements for NR PUSCH should be included in the CovEnh WID for Rel-17:
· PUSCH repetition type A enhancement;
· TB processing over multiple slots;
· Joint channel estimation or DMRS bundling.
Proposal 2. Enhancements for channels other than PUSCH and PUCCH should be given higher priority if any non-PUSCH enhancement is considered for inclusion in the NR CovEnh WID for Rel-17.
Proposal 3. Inclusion of DMRS-less PUCCH and PUSCH-repetition-Type-B like PUCCH repetition in the NR CovEnh WID for Rel-17 is not justified.
Proposal 4. If any PUCCH enhancement is included in the NR CovEnh WID for Rel-17, priority should be given to Dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.
Proposal 5. Include multiple msg1 transmissions as PRACH enhancement in the CovEnh WID.
Proposal 6. Include PUSCH repetitions for msg3 in the CovEnh WID.
[bookmark: _GoBack]5	References
	[1] 
	3GPP, "TR 38.830 Network, Technical Specification Group Radio Access; Study on NR coverage enhancements, v0.2.0," 2020.

	[2] 
	3GPP, "RAN1 #103-e Chairman's Notes," 2020.

	[3] 
	"R1-2009809 Summary of [103-e-NR-CovEnh-02] A.I. 8.8.1.1 baseline coverage performance using LLS for FR1," Softbank, 2020.

	[4] 
	"R1-2009797 Summary on AI 8.8.1.2 baseline coverage performance using LLS for FR2," Nokia, Nokia Shanghai Bell, 2020.

	[5] 
	"RP-202681 On the need for UL RACH enhancements in Rel-17," Nokia, Nokia Shangai Bell, ZTE, Sanechips, 2020.

	[6] 
	"RP-xxxxx On Msg3 enhancement in Rel-17 NR coverage enhancement WI," ZTE, Sanechips, Nokia, Nokia Shanghai Bell, China Telecom, SoftBank, Thales, Sharp, 2020.

	[7] 
	"RP-193240 New SID on NR coverage enhancement," China Telecom, Sitges, Spain, 2019.

	[8] 
	3GPP, "TS 38.331 - Radio Resource Control (RRC) protocol specification (Release 15)," 2019.




image1.emf
Rural 

700MHz FDD 

NLOS O2I

Rural 

2GHz FDD NLOS 

O2I

Urban 

2.6GHz 

TDD 

NLOS O2I

Rural 

2.6GHz 

TDD 

NLOS O2I

Urban 

4GHz TDD 

NLOS O2I 

33dBm/Hz

Rural 

4GHz TDD 

NLOS O2I 

33dBm/Hz

Urban 

28GHz 

NLOS O2I

Urban 

28GHz

 NLOS O2O

Indoor 

28GHz

PUCCH Format 1 150.54 151.38 157.45 151.5 156.2 152.06 143.14 143.7 143.73

PUCCH Format 3, 

11 bits

148.87 148.72 155.14 149.3 155.55 150.63 142.27 143.54 141.21

PUCCH Format 3, 

22 bits

144.54 146.96 153.35 147.94 151.85 147.71 139.18 141.22 138.78

PRACH Format B4 142.19 142.35 152.56 152.61 153.5 146.48 141.22 136.13 138.17

Msg3 147.5 147.14 153.51 147.9 152.1 148.11 139.72 137.28 137.47

FR1 FR2


