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1	Introduction
In RAN#84, NR coverage enhancement was identified as one RAN work area for Rel-17 [1]. Indeed, activities to support Rel-15 or Rel-16 specification did not include a comprehensive coverage evaluation considering all NR specification aspects. Coverage enhancement Rel-17 SI aims at filling this void by analysing and, whenever necessary enhancing, the coverage of NR UL and DL channels. After RAN1#102-e, the following frequency ranges and scenarios are prioritized for the SI:
1. FR1
a. Rural
b. Urban
2. FR2
a. Urban
b. Indoor

This contribution specifically targets FR2 scenarios for both eMBB and VoIP services. Similarly, our contribution R1-2008701 [2] specifically targets FR1 scenarios. 
In the remainder of the document, TDD deployments are analysed. In compliance with [1], both Urban, Suburban and Indoor scenarios are considered. The cases of outdoor gNB serving indoor UEs and outdoor gNB serving outdoor UEs are considered for the first two scenarios, whereas only the case of indoor gNB serving indoor UEs is considered for the third one. UL and DL channels performance is investigated. In this context, the crucial role of UL channels to yield enough coverage to NR deployments at FR2 is evident. A specific attention is devoted herein to the study of their performance. On the other hand, the relevance of DL channels coverage is not downplayed, and their performance is also studied and discussed. The following eMBB target data rates are considered to calculate the maximum path loss of each considered channel, as per [1]:
1. Urban:
a. DL: 25 Mbps;
b. UL: 5 Mbps.
2. Suburban:
a. DL: 1 Mbps;
b. UL: 50 kbps.
3. Indoor:
a. DL: 25 Mbps;
b. UL: 5 Mbps.



2	Evaluation methodology and assumptions
We frame the evaluation assumptions and system parameterization according to what was agreed during RAN1 #101-e [3] and updated during RAN1#102-e [4] and post-RAN1#102-e email discussion. A comprehensive summary of such assumptions can be found in the companion contribution R1-2008706 [5]. Arbitrary evaluation assumptions, i.e., a choice between two possible agreed parameters, will be described, whenever necessary. 
2.1 Frame structure selection for TDD deployments
[bookmark: _Hlk40363643]Different frame structures can impact DL and UL data channels coverage significantly. For a given set of DL and UL throughput targets, a structure with many D slots would certainly result in lower UL coverage as compared to a structure in which such number is low, and vice versa. For instance, the presence of many UL slots in the frame enables to achieve the nominal throughput target even if smaller TBS are considered. This can yield more suitable choices of PRB/MCS combination to achieve longer PUSCH coverage, while meeting the DL target. On the other hand, this could also lead to max DL throughput degradation. In other words, the TDD frame structure strongly impacts the extent to which DL/UL coverage imbalance, if any, is observed (for a given set of target throughputs). 
[bookmark: _Toc40459113][bookmark: _Toc53794557]Observation 1. The assumed TDD frame structure strongly impacts the extent to which DL/UL coverage imbalance, if any, is observed.
Agreements in RAN1 identified two possible frame structures to consider for the SI in FR2:
1. DDDSU (S: 10D:2G:2U) 
2. DDSU (S: 11D:3G:0U)
Given the consideration above, in the remainder of the document we consider Option 2, i.e., DDSU (S: 11D:3G:0U) for the illustration of MPL in Section 3, whereas results for both Option 1 and Option 2 are reported in Appendix A.
2.2 MCS selection for shared data channels 
Agreements in RAN1 #101-e, any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. At the same time, companies are encouraged to consider 30, 4 and 1 PRBs for 1, 0.1 and 0.03 Mbps, respectively, as a starting point. The results presented in this document have been obtained accordingly. The suggested values will be thus used as a reference configuration. 
Considering only one such configuration has the undeniable advantage of simplifying discussions and evaluations. However, this approach completely neglects the impact that proper link adaptation can have on the coverage of the considered link. In general, in fact, the suitability of a code rate, i.e., an MCS index, as opposed to another could depend, for instance, on parameters such as the channel quality. On the other hand, if a target throughput is defined, then the MCS index should typically aim at guaranteeing that such target is satisfied with a certain probability. This may result in a set of possible suitable MCS indices, coupled with the corresponding number of allocated physical resource blocks (PRBs) for the considered channel. The selection of a candidate MCS index (and corresponding number of PRBs) could then be performed by applying other criteria. The natural choice, in the context of a transmission aiming at guaranteeing the achievement of the target throughput at the longest possible distance from the transmitter would then be:
1. Calculate the transport block size (TBS) which can yield the desired throughput. 
2. Pick the lowest possible MCS index, i.e., the lowest possible code rate, which ensures that the corresponding number of PRBs, and resulting signal to noise ratio at the receiver.
Given a target throughput for the considered shared data channel, this approach would ensure maximum coverage while maintaining the required throughput. 
[bookmark: _Toc40459114][bookmark: _Toc53794558]Observation 2. Given a target throughput and number of allocated PRBs, using the lowest possible MCS index can extend the coverage of the channel.
For these reasons, we will consider several other combinations of number of allocated PRBs and MCS index, which all guarantee same (or extremely similar) TBS, and study the resulting performance, aiming at better characterizing the actual coverage of the studied channel, e.g., PUSCH.
In Releases 15 and 16, three tables are specified for the selection of MCS, namely “qam64”, “qam256” and “qam64-LowSE”. For simplicity, we will refer to these tables as MCS index tables 1, 2 and 3, respectively, as specified in TS 38.214. The minimum code rate of both MCS index tables 1 and 2 is 0.0586. Conversely, MCS index table 3, designed for low spectral efficiency and high reliability applications such as ultra-reliable low latency communications (URLLC), introduces six additional MCS indices with lower code rates. As a result, the minimum code rate of MCS index table 3 is 0.0146. Using MCS table 3 enables more options for the selection of low code rate, especially for the scenarios with low(er) throughput requirements. As a matter of fact, these values could prove particularly useful in the context of coverage enhancement. In fact, the lower the code rate the smaller the SNR for which reliability requirements can be met, i.e., the larger the coverage. 
[bookmark: _Toc40459115][bookmark: _Toc53794559]Observation 3. The coverage of data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields more MCS indices with lower code rate as compared to its 256QAM and 64QAM counterparts.
[bookmark: _Toc40459245][bookmark: _Toc53794564]Proposal 1. The following observation should be captured in the TR of Rel-17 NR coverage enhancement SI:
· The coverage of data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields more MCS indices with lower code rate as compared to its 256QAM and 64QAM counterparts, especially in scenarios with low(er) throughput requirements.
We take now a step back and focus on the impact of the adopted power allocation strategy, as per [6], on the selection of a suitable combination of MCS index and number of allocated PRBs for the shared data channel.  In particular, the following situation occurs.
PDSCH: the allocated power per resource element (RE) does not depend on the number of the PRBs in the allocated bandwidth for the channel, unless special regulatory restrictions apply. In this case, the number of PRBs does not impact the measured SNR at the receiver, but only the MCS index selection does. In this case, the most suitable strategy for the MCS index selection, given a target throughput and a reference number of PRBs, is to select the lowest possible MCS indices among the candidates which yield a valid TBS value and guarantee the target throughput to be achieved. In general, the larger the number of PRBs the lower the MCS index can be.
PUSCH: similar to PDSCH, an increase of the number of allocated PRBs could entail the possibility of selecting a lower MCS index, provided that a valid TBS value is obtained, and the target throughput could be achieved. However, in this case, and differently from what happens in general for PDSCH, the allocated power per RE linearly decreases as the number of PRBs in the allocated bandwidth for the PUSCH increases. Therefore, if a larger number of PRBs was allocated to PUSCH: on the one hand, a lower allocated power per RE at the UE could yield a lower SNR per RE at the receiving gNB, on other hand the resulting lower MCS index could guarantee to achieve the target MPL, or alternatively the target throughput at the longer possible distance from the UE, for lower SNR values per RE. In this sense, a trade-off clearly exists between the MPL loss due to large allocated bandwidth and MPL gain thanks to low code rate. It is worth observing that these two factors can be quite neatly isolated in the IMT-2020 link-budget calculation template as the noise power, which increases proportionally to the allocated bandwidth, and the required SNR for data channel, which decreases with the MCS index. This effect is illustrated in [2] for an Urban TDD scenario (FR1) with frame structure DDDSUDDSUU. The same logic applies here for FR2 scenarios. 
At this stage it is interesting to note that, in general, the optimal combination in terms of MPL maximization may not yield the most desirable operating point for the system, but simply the configuration for which the coverage would be maximized. Indeed, several alternative, and reasonable, choices may also be made if other parameters were considered in the selection process, e.g., the flexibility of the resource allocation in case of multiple co-scheduled PUSCH transmissions in the same BWP/CC. Again, a trade-off exists between the PUSCH coverage and the flexibility of UL resource allocation. 
[bookmark: _Toc53794560]Observation 4. The coverage of PUSCH can be enhanced by identifying the optimal combination of number of allocated PRBs and MCS index for PUSCH to meet the throughput target.
[bookmark: _Toc40311048][bookmark: _Toc53794565]Proposal 2. The following observation should be captured in the TR of Rel-17 NR coverage enhancement SI:
· The coverage of PUSCH can be enhanced by identifying the optimal combination of number of allocated PRBs and MCS index for PUSCH to meet the throughput target.

2.3 DL channels configuration
· PDSCH: In our study, we assume that all DL slots in a TDD frame are allocated for PDSCH. Concerning DMRS configuration, we consider configuration type 1, with 1 layer, and 3.0 dB power boost. 2 OFDM symbols are used for DMRS in all scenarios, where high-speed UEs (30 Km/h) are also considered. The use of MCS Table 3, as per discussion above, and all the relevant target throughput values, the number of PRBs (and corresponding MCS indices) used for link budget evaluation of PDSCH are illustrated in Table 1. The S slot(s) is/are not considered in the MCS selection.

	Scenario
	Frame structure
	Target throughput
	Number of PRBs
	MCS index (table 3)

	Urban
	DDSU (11D:3G:0U)
	25Mbps
	66
	12


[bookmark: _Ref40364379]Table 1. PDSCH configuration.
· PDCCH: The configuration parameters used in link budget study of PDCCH are illustrated in Table 2.

	DCI payload
	CRC
	AL
	Number of OFDM symbols
	CORESET bandwidth
	Channel bandwidth
	DMRS
	Tx diversity
	#SSB for broadcast

	40 bits
	24 bits
	16
	2
	48 PRBs
	Same as for PDSCH
	As per NR specification
	Precoder cycling
	32


[bookmark: _Ref40364500]Table 2. PDCCH configuration.
· SSB: SSB transmission is modelled according to agreements made in RAN1 #101-e [3]. L=32 SSB beams are considered and PBCH payload size is 24 bits.
2.4 UL channels configuration
· PUSCH: In our study, we assume that all UL slots in a TDD frame (alternatively, symbols in an FDD slot) are allocated for PUSCH. Intra-slot frequency hopping is enabled, and 2 OFDM symbols are used for DMRS for all the considered scenarios. Assuming the use of MCS Table 3, as per discussion above, link adaptation parameters for PUSCH are illustrated in Table 3. The S slot(s) is/are not considered in the MCS selection.


	Scenario
	Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Urban
	DDSU (11D:3G:0U)
	5Mbps
	30
	10


[bookmark: _Ref40364780]Table 3. PUSCH configuration.
· VoIP: We assume TBS=320 bits, including CRC. We consider a 4 PRB allocation for the PUSCH carrying VoIP data, and MCS10.  AF 4 with maximum 4 HARQ retransmissions are also considered.

· PUCCH: The configuration parameters used in link budget study of PUCCH, for both eMBB and VoIP services, are illustrated in Table 4. The rationale of considering both PUCCH format 1 and 3 in the study is to characterize the MCL/MPL dynamic for this channel when different payload sizes are used. In this context, we expect the former to be more likely to be relevant for a cell-edge UE and coverage extension purposes. However, resorting to the latter may be necessary in case of periodic CSI reports transmitted over PUCCH, e.g., a report including quantities such as CRI-RSRP, SSBRI-RSRP, L1-RSRP and so on. Therefore, studying the performance of both formats provides a more comprehensive analysis of PUCCH coverage dynamics. No PUCCH repetition is considered. No inter-slot FH is considered. 

	Format
	UCI payload
	Number of PRBs
	Intra-slot frequency hopping
	DMRS

	F1
	2 bits
	1
	ON
	As per NR specification

	F3
	22 bits
	1
	ON
	As per NR specification


[bookmark: _Ref40352317]Table 4. PUCCH configuration for for eMBB and VoIP.

· PRACH: The configuration parameters used in link budget study of PRACH are provided in Table 5.

	Scenario
	Carrier frequency (GHz)
	Format
	SCS (kHz)
	Number of PRBs
	ISD assumption (Km)

	Urban
	28
	B4
	120
	12
	0.2


[bookmark: _Ref53568723]Table 5. PRACH configuration.
· msg3: The configuration parameters used in link budget study of PRACH are provided in Table 6.

	Payload
	Number of PRBs
	MCS (table 3)
	Intra-slot frequency hopping
	ra-ContentionResolutionTimer

	56 bits
	2
	6
	ON
	sf64


[bookmark: _Ref53569458]Table 6. PUSCH for Message 3 configuration.
2.5 Path-loss model and coverage calculation
The coverage distance and shadow fading margin for each scenario are calculated by means of the path loss (PL) model function and the corresponding shadow fading standard deviation from [6]. Specifically, A1-3 (UMa_A) in [6] is used for Urban scenario. In the table, different PL models for NLOS and LOS propagation are provided.
For the coverage distance calculation, the MPL from the link budget calculation is fed to the corresponding ML model equation to calculate the d3D distance, which is then used together with the base station and UE antenna heights to deduce the coverage distance (d2D), as shown in Figure A1-1 in [6]. One should note that there is a limit on the maximum valid d2D for each PL model, namely 5 km for Urban. Therefore, if the resulting MPL for a channel is such that d2D goes beyond these values, the corresponding d2D is capped at its maximum value for d2D, as per model. However, the actual coverage is expected to be more than the limit in that case.
As we said earlier, both outdoor-to-indoor (O2I) and outdoor-to-outdoor (O2O) propagation are considered in our study. The main difference between these two propagation scenarios is given by the penetration loss experienced by the signal power and the UE speed. In our link budget results, the O2I penetration loss is calculated using the methodology described in Section 7.4.3.1 in [7]. For O2O high speed scenarios, we assume the UE is inside a moving vehicle/device with the speed of 30 Km/h and penetration loss calculation follows Section 7.4.3.2 in [7]. The percentage of high and low loss building type for penetration loss calculation follows Table 5 in [6].
1.6 Antenna array gain
NR deployments make large use of AAS, which by design provide significant antenna array gains and advanced beamforming capabilities. Such gains have a non-negligible positive impact on the MPL of all DL and UL channels.  For this reason, antenna array gains modeling has been discussed at large during RAN1 #101-e and RAN1#102-e. In this context, we start by noting that determining the maximum nominal gain a given gNB’s architecture can deliver can be done in a rather straightforward way. However, such nominal gain would be a fixed quantity which may very often lead to overestimating the actual coverage of a given channel. In fact, this metric would not capture the impact on the actual experienced antenna array gain in practical deployments of aspects such as:
· Position/distance of each UE w.r.t. gNB. In particular, UEs at the cell-edge may not be aligned with the beam boresight or in the range of steerability of the antennas. This may result is non-negligible reduction of the actual observed antenna array gain as compared to the maximum nominal value. 
· Different antenna solutions used for different channels. Some channels may be broadcast over the cell, some could be beam-swept, some could be beamformed using UE-specific beam weights, e.g., unicast transmission, and so on. 
· Different beam management/configuration/correspondence assumption during RRC-idle and RRC-connected operations.
The interplay between these aspects is not trivial. Representing antenna gains using a unique value for all the channels considered the LB study would thus lead to inaccurate results. For all these reasons, the antenna array gain correction factors  were introduced in RAN1#102-e to reflect peculiarities of realistic implementations and network operations. In this paper, the following antenna array gain correction factors are considered:
· Urban 28GHz TDD: 
·  , and  for RRC-connected state.
· [bookmark: _Hlk53790813] , and  for RRC-idle state.
For modelling these correction factors, firstly realistic antenna array gain is simulated via SLS, in which the remaining number of antennas (w.r.t. LLS) are modeled, to ensure the agreed parameterization in RAN1 #101-e is respected. In practice, the following approach is adopted:
· We differentiate between broadcast and unicast transmissions, given the different array gain which may be experienced by cell-edge UEs between the two types of transmission. In particular:
· Whenever transmission/reception strategies make use of any CSI-related information then the link is labeled as Unicast. This typically yields higher antenna array gain. Unicast transmissions assume the adoption of closed-loop 2TX wideband codebook, e.g., MIMO precoding, and GoB-based beamforming resulting from presence of DL CSI at gNB. This is the case, for instance, of unicast PDCCH simulation.
· Broadcast labeling is used otherwise. Broadcast transmissions assume open-loop 2TX codebook and SSB-beams based beamforming. This is the case, for instance, of broadcast PDCCH simulation. Any other transmission which makes use of CSI at gNB, even if just in the form, for instance, of preferred beam information, should experience larger antenna array gain and thus be labeled as unicast. 
· We generate SINR distribution over UEs distributed in multiple cells for the two types of transmission;
· We focus on the 5th percentile of the SINR distribution and calculate average array gain observed by UEs experiencing such SINR values for the two type of transmissions.  
[bookmark: _Hlk53791756]A differentiation between RRC-idle and RRC-connected operations is also considered, to ensure a more accurate modelling of  is adopted. In this context, 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 during RRC-idle operations, and after panel selection, if any, is that the gNB is located within that 90° sector. A conservative and safer approach for the UE in this situation is 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 then likely configured by the UE, to ensure that the transmitted msg1 is directed towards the 90° sector in which gNB is located. Now, if we let and  be the number of AEs and Tx chains at the UE, 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). Switching the focus to RRC-connected operations, we observe that the actual antenna array gain in this case may 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 instead of simply setting . 

Finally, the gain obtained by SLS is subtracted to the theoretical antenna array gain to provide the correction factors , and. 

3	Link budget results
In this section, link budget results for eMBB and VoIP services are presented. The template agreed during post-RAN1#102-e email discussion in [8] is considered for link budget calculation. A graphical approach is used to provide reference coverage values in each chart. The coverage of the least performing channel is depicted using the green horizontal line. In this context, it is worth observing that, differently from FR1 scenarios, the hexagonal cell layout may not be most appropriate assumption for an Urban deployment in FR2, due to its inherent propagation conditions. 
The MPL for Urban scenario in case of NLOS O2I propagation is illustrated in Figure 1 for max TRP 23 dBm and in Figure 2 for max TRP 12 dBm. 
[image: ]
[bookmark: _Ref47671322]Figure 1. DL and UL channels MPL values in Urban NLOS O2I scenario, 28GHz, TDD, UE TRP of 23 dBm.
[image: ]
[bookmark: _Ref53793001]Figure 2. DL and UL channels MPL values in Urban NLOS O2I scenario, 28GHz, TDD, UE TRP of 12 dBm.
For eMBB service, and when max TRP is 23 dBm, PUSCH is clearly the bottleneck channel in case of O2I propagation, both qualitatively and quantitatively. The MPL value for this channel is about 9 dB lower than what is observed for PUCCH F1, and 8.5 dB lower than what is observed for PUCCH F3. No channel shows significant coverage issues for VoIP service. 
Coverage shortage of UL channels is ever more severe when max TRP 12 dBm is considered. This issue does not only affect PUSCH but also control channels, which are characterized by a rather low MPL as compared to their downlink counterpart. 
Finally, and similarly to what we observed for our companion contribution R1-2008701, we note a significant coverage imbalance between UL transmissions during RACH procedure and SSB, regardless of the considered max TRP value. More precisely:
· When max TRP is 23 dBm: a gap larger than 5.5 dB is observed when comparing SSB and msg1, in favour of the former, and larger than 6.5 dB when comparing SSB and msg3, again in favour of the former. 
· When max TRP is 12 dBm: a gap larger than 16.5 dB is observed when comparing SSB and msg1, in favour of the former, and larger than 17.5 dB when comparing SSB and msg3, again in favour of the former. 

[bookmark: _GoBack]This severe imbalance can lead to significant coverage shortage of the RACH procedure. Further discussions about this aspect are carried out in our companion contribution R1-2008705.
[bookmark: _Toc40462560][bookmark: _Toc53794561]Observation 5. In Urban scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS O2I propagation and regardless of the assumed max TRP value. No channel shows significant coverage issues for VoIP service.
[bookmark: _Toc53794562]Observation 6. In Urban scenario, all UL channels are a bottleneck for eMBB service, in case of NLOS O2I propagation, when max TRP is 12 dBm. 
[bookmark: _Toc53789068][bookmark: _Toc53794563]Observation 7. In Urban scenario, a non-negligible coverage imbalance is observed between UL transmissions during RACH procedure and SSB. This may lead to significant coverage issues for the RACH procedure.

4	Conclusion
In this contribution, we have presented the results of our baseline coverage evaluation of UL and DL channels in FR2. The following observations have been made:
Observation 1. The assumed TDD frame structure strongly impacts the extent to which DL/UL coverage imbalance, if any, is observed.
Observation 2. Given a target throughput and number of allocated PRBs, using the lowest possible MCS index can extend the coverage of the channel.
Observation 3. The coverage of data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields more MCS indices with lower code rate as compared to its 256QAM and 64QAM counterparts.
Observation 4. The coverage of PUSCH can be enhanced by identifying the optimal combination of number of allocated PRBs and MCS index for PUSCH to meet the throughput target.
Observation 5. In Urban scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS O2I propagation and regardless of the assumed max TRP value. No channel shows significant coverage issues for VoIP service.
Observation 6. In Urban scenario, all UL channels are a bottleneck for eMBB service, in case of NLOS O2I propagation, when max TRP is 12 dBm.
Observation 7. In Urban scenario, a non-negligible coverage imbalance is observed between UL transmissions during RACH procedure and SSB. This may lead to significant coverage issues for the RACH procedure.

In addition, the following proposals have been made:
Proposal 1. The following observation should be captured in the TR of Rel-17 NR coverage enhancement SI:
· The coverage of data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields more MCS indices with lower code rate as compared to its 256QAM and 64QAM counterparts, especially in scenarios with low(er) throughput requirements.

Proposal 2. The following observation should be captured in the TR of Rel-17 NR coverage enhancement SI:
·  The coverage of PUSCH can be enhanced by identifying the optimal combination of number of allocated PRBs and MCS index for PUSCH to meet the throughput target.
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Appendix A
The required SNR, MCL, MIL and MPL evaluation results for the considered scenarios in FR2.
Table A-1: PUSCH for eMBB
	Urban 28 GHz TDD

	Frame structure
	The required SNR
	MCL
	MIL
	MPL
	Notes

	DDDSU
	0.00
	108.44
	135.91
	103.33
	UE TRP: 23 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	0.31
	108.12
	135.60
	121.72
	UE TRP: 23 dBm TRP, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	0.00
	97.44
	124.91
	92.33
	UE TRP: 12 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	0.31
	97.12
	124.60
	110.72
	UE TRP: 12 dBm, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 

	DDSU
	-1.23
	109.67
	137.14
	104.56
	UE TRP: 23 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-0.97
	109.41
	136.88
	123.00
	UE TRP: 23 dBm, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-1.23
	98.67
	126.14
	93.56
	UE TRP: 12 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-0.97
	98.41
	125.88
	112.00
	UE TRP: 12 dBm, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 



Table A-2: PUSCH for VoIP
	Urban 28 GHz TDD

	Frame structure
	The required SNR
	MCL
	MIL
	MPL
	Notes

	DDSU
	-8.83
	125.52
	152.99
	120.41
	UE TRP: 23 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-8.86
	125.55
	153.02
	139.14
	UE TRP: 23 dBm, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-8.83
	114.52
	141.99
	109.41
	UE TRP: 12 dBm, NLOS/O2I, UE speed: 3 km/h, 1 DMRS symbol for each hop, RRC-connected 

	
	-8.86
	114.55
	142.02
	128.14
	UE TRP: 12 dBm, NLOS/O2O, UE speed: 30 km/h, 1 DMRS symbol for each hop, RRC-connected 



Table A-3: PUCCH
	Urban 28 GHz TDD

	Format type
	The required SNR
	MCL
	MIL
	MPL
	Notes

	Format 1
	-1.75
	121.74
	149.22
	113.54
	NLOS/O2I

	
	-0.50
	120.49
	147.97
	130.87
	NLOS/O2O

	Format 3
	-1.25
	121.24
	148.72
	113.04
	NLOS/O2I

	
	-1.13
	121.12
	148.59
	131.49
	NLOS/O2O



Table A-4: SSB
	Urban 28 GHz TDD

	The required SNR
	MCL
	MIL
	MPL
	Notes

	-8.24
	129.12
	152.09
	119.51
	NLOS/O2I



Table A-5: PRACH for FR2
	Urban 28 GHz TDD

	Format type
	The required SNR
	MCL
	MIL
	MPL
	Notes

	Format B4
	-11.66
	123.57
	146.54
	113.96
	UE TRP: 23 dBm, NLOS/O2I, UE speed: 3 km/h, RRC-idle 

	
	-11.09
	123.01
	145.98
	132.10
	UE TRP: 23 dBm, NLOS/O2O, UE speed: 30 km/h, RRC-idle 

	
	-11.66
	112.57
	135.54
	102.96
	UE TRP: 12 dBm, NLOS/O2I, UE speed: 3 km/h, RRC-idle 

	
	-11.09
	112.01
	134.98
	121.10
	UE TRP: 12 dBm, NLOS/O2O, UE speed: 30 km/h, RRC-idle 



Table A-6: PUSCH of Msg.3 for FR2
	Urban 28 GHz TDD

	The required SNR
	MCL
	MIL
	MPL
	Notes

	-2.73
	122.43
	145.40
	112.82
	UE TRP: 23 dBm, NLOS/O2I, UE speed: 3 km/h, RRC-idle 

	-2.73
	122.43
	145.40
	131.52
	UE TRP: 23 dBm, NLOS/O2O, UE speed: 30 km/h, RRC-idle 

	-2.73
	111.43
	134.40
	101.82
	UE TRP: 12 dBm, NLOS/O2I, UE speed: 3 km/h, RRC-idle 

	-2.73
	111.43
	134.40
	120.52
	UE TRP: 12 dBm, NLOS/O2O, UE speed: 30 km/h, RRC-idle 



Table A-7: PDCCH for FR2
	Urban 28 GHz TDD

	The required SNR
	MCL
	MIL
	MPL
	Notes

	-4.00
	124.88
	152.35
	116.67
	NLOS/O2I

	-5.13
	126.00
	153.47
	136.37
	NLOS/O2O



Table A-8: PDSCH for eMBB for FR2
	Urban 28 GHz TDD

	Frame structure
	The required SNR
	MCL
	MIL
	MPL
	Notes

	DDDSU
	0.97
	120.41
	147.88
	115.30
	NLOS/O2I

	
	0.47
	120.91
	148.38
	134.50
	NLOS/O2O

	DDSU
	1.81
	119.56
	147.04
	114.46
	NLOS/O2I

	
	1.41
	119.97
	147.44
	133.56
	NLOS/O2O
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