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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 for the following frequency ranges and scenarios:
1. FR1:
a. Rural;
b. Urban.
2. FR2:
a. Urban;
b. Suburban;
c. Indoor.

This contribution specifically targets FR1 scenarios, where both eMBB and VoIP services are considered. Similarly, our contribution R1-2005298 [1] specifically targets FR2 scenarios. 
In the remainder of the document, both FDD and TDD deployments are analysed. In compliance with [1] both urban and rural scenarios are considered, including the case of outdoor gNB serving indoor UEs. UL and DL channels performance is investigated. In this context, the crucial role of UL channels to yield enough coverage to NR deployments at FR1 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. Albeit labelled as less paramount in [1], the performance of such channels 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: 10 Mbps;
b. UL: 1 Mbps.
2. Rural:
a. DL: 1 Mbps;
b. UL: 100 kbps.

2	Evaluation methodology and assumptions
We frame the evaluation assumptions and system parameterization according to what was agreed during RAN1 #101-e [3]. A comprehensive summary of such assumptions can be found in the companion contribution R1-2005303 [2]. 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: _Toc47693395]Observation 1. The assumed TDD frame structure strongly impacts the extent to which DL/UL coverage imbalance, if any, is observed.
For this reason, agreements in RAN1 identified three possible frame structures to consider for the SI:
1. DDDSUDDSUU (S: 10D:2G:2U) 
2. DDDSUDDDSU (S: 10D:2G:2U)
3. DDDDDDDSUU (S: 6D:4G:4U) [2.6 GHz only]
Given the considerations above, in the remainder of the document we will always consider Option 1, i.e., DDDSUDDSUU (S: 10D:2G:2U) and Option 3, i.e., DDDDDDDSUU (S: 6D:4G:4U), where the latter will be simulated only for the 2.6 GHz scenario. 
2.2 MCS selection for shared data channels
[bookmark: _Hlk40363807]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 for PUSCH. The results presented in this document have been obtained accordingly. The suggested values will be thus used as a reference configuration. For PDSCH and PDCCH, full channel BW is considered.
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 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: _Toc47693396]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: _Toc47693397]Observation 3. The coverage for data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields lower code rate as compared to its 256QAM and 64QAM counterparts.
[bookmark: _Toc40311047][bookmark: _Toc47696635]Proposal 1. The qam64-LowSE MCS index table (table 3) shall be considered for the study of NR coverage enhancement.
We take now a step back and focus on the impact of the adopted power allocation strategy, as per [5], 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 Table 1 for an Urban 4GHz TDD scenario with frame structure DDDSUDDSUU and 1Mbps target throughput. Therein, several pairs of PRB/MCS that can allow to meet the target throughput are considered, and their corresponding net MCL variation w.r.t. what can be obtained for the reference case 10PRBs/MCS14 is shown. Note that MCS14 is the highest MCS index associated to modulation order 2, and 10 PRBs is the minimum number of PRBs necessary to achieve a valid TBS that satisfies the considered target throughput.
	MCS index
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Number of PRBs
	10
	11
	13
	16
	19
	23
	30
	37
	48
	59
	74
	90
	115
	144
	192

	SNR loss 
[per RE]
	0
	-0.41
	-1.14
	-2.04
	-2.79
	-3.62
	-4.77
	-5.68
	-6.81
	-7.71
	-8.69
	-9.54
	-10.61
	-11.58
	-12.83

	SNR gain [lower MCS]
	0
	1.06
	2.25
	3.63
	4.98
	6.08
	7.27
	8.45
	9.59
	10.39
	11.52
	12.36
	13.70
	15.06
	16.19

	Net MCL variation
	0
	0.65
	1.11
	1.58
	2.20
	2.46
	2.59
	2.76
	2.78
	2.79
	2.80
	2.82
	3.10
	3.48
	3.35


[bookmark: _Ref40306576]Table 1. Gain in MCL [dB] by increasing number of PRBs and reducing MCS (table 3) with target throughput of 1Mbps for Urban FR1 TDD, NLOS, 100MHz BW, 3 km/h UE speed and 30kHz SCS.

Quantitively, we observe that the MPL variation has a positive trend for increasing number of PRBs values, up to a PUSCH resource allocation of 144 PRBs, i.e., MCS1. In other words, in this case the optimal PRB allocation for maximum coverage would be 144 PRBs (roughly 53% of the channel BW). Allocating more bandwidth would still be beneficial w.r.t. the reference case, but sub-optimal.  
It is interesting to note that, in general, the optimal combination in terms of MCL 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: _Toc47693398]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: _Toc47696636]Proposal 2. The maximum coverage of PUSCH shall be evaluated for the combination of number of allocated PRBs and MCS index which yields the largest MCL value.

2.3 VoIP packet size determination
According to GSMA VoLTE profile 0, The UE must support AMR wideband codec as described in 3GPP TS 26.114 [6]. Therein, AMR-WB is defined as a mandatory codec, and even MTSI clients in constrained terminals shall support it. Consequently, it seems reasonable to determine the reference value for the VoIP packet size to be used in this study according to the specification of the AMR-WB. We propose to focus on the AMR-WB 12.65 (kbit/s) codec, i.e., a reasonable ‘legacy’ choice which offers a better sound quality than the traditional narrowband codec. According to [7], 0, [9], [10], [11], [12], [13], a VoIP packet obtained when this coded is used would have a size of 352 bits, as illustrated in Table 2. We thus propose to use this value as a reference for the VoNR coverage enhancement study.

	
	Size (bits)

	Payload
	264

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	32 (w RoHC)


[bookmark: _Ref40345777]Table 2. VoIP packet components for AMR-WB 12.65 (kbit/s) codec.

[bookmark: _Toc47693399]Observation 5. AMR-WB 12.65 (kbit/s) codec should be considered for the VoNR coverage enhancement study, with a corresponding packet size of 352 bits.

2.4  DL channels configuration
· PDSCH: In our study, we assume that all DL slots in a TDD frame (alternatively, symbols in an FDD slot) 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 considered scenarios. Link adaptation parameters for PDSCH are as follows:
· eMBB: Assuming 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 3.

	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	2GHz and 700MHz/-
	1Mbps
	106
	1

	Rural TDD
	2.6GHz/ DDDDDDDSUU (6D:4G:4U)
	1Mbps
	273
	0

	
	4GHz/
DDDSUDDSUU (10D:2G:2U)
	1Mbps
	273
	0

	Urban TDD
	2.6GHz/ DDDDDDDSUU (6D:4G:4U)
	10Mbps
	273
	6

	
	4GHz/
DDDSUDDSUU (10D:2G:2U)
	10Mbps
	273
	8


[bookmark: _Ref46915969][bookmark: _Ref46915965]Table 3. PDSCH configuration for eMBB.
· VoIP: In this case, as previously discussed, we assume TBS=352 bits, including CRC. We consider a 4 PRB allocation for the PDSCH carrying VoIP data, and MCS11.  Aggregation factor (AF) 4 with maximum 4 HARQ retransmissions is considered both for FDD and TDD deployments.

· PDCCH: The configuration parameters used in link budget study of PDCCH are the same for both eMBB and VoIP services, and illustrated in Table 4.


	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
	700 MHz
	4

	
	
	
	
	
	
	
	
	2 GHz
	4

	
	
	
	
	
	
	
	
	2.6 GHz
	4

	
	
	
	
	
	
	
	
	4 GHz
	8


[bookmark: _Ref40351513]Table 4. PDCCH configuration for both eMBB and VoIP.

2.5 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. Link adaptation parameters for PUSCH are as follows:
· eMBB: Aside from the values used as a reference, as per discussion above, and assuming both the use of MCS Table 3 and all the relevant target throughput values, the number of PRBs (and corresponding MCS indices) used for link budget evaluation of PUSCH are illustrated in Table 5.

	Scenario
	Carrier Freq./Frame structure
	Target throughput
	Number of PRBs
	MCS index

	Rural FDD
	2GHz and 700MHz/-
	100kbps
	4
	5

	Rural TDD
	2.6GHz/ DDDDDDDSUU (6D:4G:4U)
	100kbps
	4
	7

	
	4GHz/
DDDSUDDSUU (10D:2G:2U)
	100kbps
	4
	7

	Urban TDD
	2.6GHz/ DDDDDDDSUU (6D:4G:4U)
	1Mbps
	30
	8

	
	4GHz/
DDDSUDDSUU (10D:2G:2U)
	1Mbps
	30
	8


[bookmark: _Ref40351778]Table 5. PUSCH configuration for eMBB.
· VoIP: In this case, as previously discussed, we assume TBS=352 bits, including CRC. We consider a 4 PRB allocation for the PUSCH carrying VoIP data, and MCS10.  AF 4 and 2 with maximum 4 HARQ retransmissions are considered for FDD and TDD deployments, respectively.

· PUCCH: The configuration parameters used in link budget study of PUCCH are the same for both eMBB and VoIP services, and illustrated in Table 6. 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
	2
	ON
	As per NR specification


[bookmark: _Ref40352317]Table 6. PUCCH configuration for for eMBB and VoIP.

2.6 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 [4]. Specifically, Tables A1-3 (UMa_A) and A1-4 (RMa_A) in [4] are used for Urban and Rural scenarios, respectively. In each 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 PL 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 [4]. One should note that there is a limit on the maximum valid d2D for each PL model, namely 5 km for Urban and 21 km for Rural. 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 conditions are considered in our study. The main difference between these two propagation scenarios is given by the penetration loss experienced by the signal power. In our link budget results, the O2I penetration loss is calculated using the methodology described in Section 7.4.3.1 in [14]. For O2O high speed scenarios, we assume the UE is inside a moving vehicle/device and penetration loss calculation follows Section 7.4.3.2 in [14]. Conversely, penetration loss is not considered for O2O low speed scenario. The percentage of high and low loss building type for penetration loss calculation follows Table 5 in [4].

2.7 [bookmark: _Ref47651306] 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, where the following agreement was achieved:
	Agreement:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model



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. 
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, we propose to use values reflective of realistic implementation and network operation, whenever possible.
[bookmark: _Toc47696637]Proposal 3. Antenna array gain values reflective of realistic implementation and network operation should be used, whenever possible.
From a practical perspective, antenna array gain in FR1 deployments is a function of up to 4 components, one of which is static, depending on the considered architecture and implementations. These gains are symmetric, i.e., they can be experienced when transmitting and receiving. Consider the reference gNB architecture in Figure 1, adopted in all our simulations, for which TDL channel model has been assumed, as per agreements in RAN1 #101-e. The 4 Antenna gain components, whose details follow, are highlighted:
· Antenna gain component 1: this is the result of the adoption of MIMO baseband precoding to map a number of data layers to  CSI-RS ports (or, alternatively, RF chains). Such precoding can be dynamically adapted and applied with either wideband or narrowband granularity, to multiplex UEs/layers over the same time-frequency resource. This antenna gain component is often simulated. The modelling of this gain can be done mainly in two ways, depending on how SINR is calculated in LLS. If open-loop SINR is calculated in LLS, then Antenna gain component 1 can be calculated outside of LLS, e.g., SLS or offline closed-form expression, and added to the LB as part of the array again (together with Antenna gain components 2 and 3). If closed-loop SINR is calculated instead, then the contribution of Antenna gain component 1 is already included in LLS and does not need to be included explicitly in the LB.



[bookmark: _Ref46680047]Figure 1. Reference gNB architecture with multiple antenna gain components.

· Antenna gain component 2: this is the result of the adoption of adaptive digital beamforming, applied to map  RF chains to N TxRUs. Such beamforming can be dynamically adapted and applied with either wideband or narrowband granularity. Beam weights can be calculated in many ways, e.g., grid-of-beams (GoB), eigen-beamforming and so on. This antenna gain component can be either simulated, e.g., via LLS, or added to the LB template (line “transmitter/receiver array gain”), e.g., as a result of SLS or application of closed-form expression.
· Antenna gain component 3: this is the result of the adoption of (possibly adaptive) analogue beamforming, applied to map N TxRUs to M antenna elements. Such beamforming can be implemented in many ways, depending, for instance, on the adopted RF distribution network after ADC. It can only have wideband granularity. In case of fully digital architecture, e.g., FR1, antenna gain component 3 is a static (analogue) gain that impacts all the channels. This antenna gain component can be either simulated, e.g., via LLS, or added to the LB template (line “transmitter/receiver array gain”), e.g., as a result of SLS or application of closed-form expression.
· Antenna element gain: this is the static single antenna element gain, expressed in dBi, which models the impact of element radiation pattern, radiator multiplicities, effective area, etc. This antenna gain component is added statically in the LB template (line “transmitter/receiver antenna gain”).
All these gains affect the measured SINR at the receiver in a rather complex way. The maximum theoretical value the overall array gain obtained as the sum of antenna gain components 2 and 3 can have is
.
However, the gap between such maximum theoretical value and what can actually be experienced in a practical deployment can be significant. Using this value directly in the LB template, then, may lead to overestimating the array gain, in turn yielding practically inaccurate channel coverage estimations. The adoption of correcting factors, e.g., an implementation margin, may thus be in order to obtain more realistic results. Unfortunately, assessing a practically relevant implementation margin to be used in conjunction with the theoretical array gain may be challenging and often result in arbitrary decisions. Calculating the array gain through simulation would then seem a more sensible choice. On the other hand, properly modeling such gains via LLS is arguably equally challenging. In fact, if on the one hand the accuracy of the modeling of signal-processing aspects increases with the number of modeled antennas at link-level. On the other hand, it is also undesirable in practice, given that modelling large number of antennas in LLS:
· May significantly increase the complexity of the simulations. 
· May not necessarily increase the accuracy of the results when TDL channel model is used (as is the case for the results presented in this document).

Therefore, we decide to resort to a hybrid approach to simulations, in which:
· Open-loop SINR values are calculated via LLS, where only 2 RF chains are modeled (according to Agreements made during RAN1 #101-e), i.e.,  only when . Given the rather low number of simulated RF chains in LLS, there seems to be no need to model correlation between them, unlike what would happen if  was assumed in LLS .

· Antenna array gain of cell-edge UEs is then modeled in a two-fold way:

1. Theoretical maximum array gain is given as a reference to calculate a maximum theoretical MPL for all the considered scenarios;
2. Realistic antenna array gain is simulated via SLS, for at least a subset of scenarios, in which the remaining number of antennas (w.r.t. LLS) are modeled, to ensure the agreed parameterization in RAN1 #101-e is respected. Such value includes contribution from antenna gain components 1, 2 and 3. 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.  
Such array again is then added directly to the LB template. On the one hand, this allows to reduce complexity of LLS. On the other hand, this enables accurate beamforming gain via SLS, whose accuracy increases with the number of simulated antennas as well. 

· Single antenna element gain component is added statically in the LB template (line “transmitter/receiver antenna gain”).
[bookmark: _Toc47693400]Observation 6. Using a hybrid simulation approach to model antenna array gain provides a flexible and efficient way to obtain practically more relevant values, focusing on cell-edge UEs and differentiating between broadcast and unicast transmissions.
[bookmark: _Toc47696638]Proposal 4. For antenna array gain for LLS based methodology for FR1, Option 1 should be preferred and hybrid simulation approach to model antenna array gain could be considered. Alternatively, practically relevant correction factors should be used to modify the theoretical array gain calculations. 

3	Link budget results 
In this section, link budget results for eMBB and VoIP services are presented. The template in [16] is considered for link budget calculation. The antenna array gain obtained from SLS (hybrid simulation approach), as mentioned in Section 2.7, is also considered for some selected scenarios. If not mentioned otherwise, the default array gain calculation in [16] is considered (theoretical approach). A graphical approach is used to provide reference coverage values in each chart. The coverage of the least performing channel among PDSCH, PDCCH, PUSCH and the best performing PUCCH format, is depicted using the following color code:
· Green line: coverage of the least performing channel in case of O2I propagation conditions. 
· Red line: coverage of the least performing channel in case of O2O propagation conditions for high speed UE.
· Blue line: coverage of the least performing channel in case of O2O propagation conditions for low speed UE, if applicable.
3.1 FDD deployments
3.1.1 [bookmark: _Hlk40454281]700MHz carrier frequency
The MPL for Rural 700MHz scenario in case of LOS propagation is illustrated in Figure 2 and Figure 3 for the antenna array gain modeling using theoretical and hybrid simulation approaches, respectively. 
[image: ]
[bookmark: _Ref47652441]Figure 2. DL and UL channels MPL values in Rural LOS scenario 700MHz, FDD.
[image: ]
[bookmark: _Ref47652447]Figure 3. DL and UL channels MPL values in Rural LOS scenario 700MHz, FDD, antenna array gain modelling using hybrid simulation approach, ISD = 7 Km.
In both cases, no channel displays a significant coverage problem from quantitative point of view. For eMBB service, PUSCH yields the lowest MPL values for both O2I and O2O propagation conditions. In particular, for both antenna array gain modeling approaches, a gap of roughly 2.5 dB can be observed between PUCCH F1 and PUSCH eMBB. It may result in 1 to 2 Km coverage difference between these two channels. Qualitatively, a similar observation can be made when comparing PUSCH and PUCCH F3, even though the coverage difference between the two channels may not exceed 1 Km. Accordingly, albeit not excessively problematic, the PUSCH eMBB may represent a bottleneck for extreme coverage applications, when the ISD is high. Differently from the eMBB case, the coverage of UL shared data and control channels is more balanced and very similar for VoIP service. No coverage concerns arise for VoIP, irrespective of the antenna array gain modeling. 
[bookmark: _Toc47693401]Observation 7. In Rural 700MHz FDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No evident coverage bottleneck is present for VoIP service.
3.1.2 2GHz carrier frequency
The MPL for Rural 2GHz scenario in case of LOS propagation is illustrated in Figure 4 and Figure 5 for the antenna array gain modeling using theoretical and hybrid simulation approaches, respectively. 

[image: ]
[bookmark: _Ref47655539]Figure 4. DL and UL channels MPL values in Rural LOS scenario 2GHz, FDD.
[image: ]
[bookmark: _Ref47655541][bookmark: _Toc40459117]Figure 5. DL and UL channels MPL values in Rural LOS scenario 2GHz, FDD, antenna array gain modelling using hybrid simulation approach, ISD = 6 Km.
Observations for 700MHz carrier frequency scenario also apply to 2GHz carrier frequency scenario.  Indeed, PUSCH eMBB may represent a bottleneck for extreme coverage applications by showing a gap of roughly 2.5 dB and 1.8 dB to PUCCH F1 and PUCCH F3, respectively. Switching the focus to VoIP service, it can be observed that no evident coverage bottleneck exists, at least in UL. 
[bookmark: _Toc47693402]Observation 8. In Rural 2GHz FDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No evident coverage bottleneck is present for VoIP service.
3.2 TDD deployments
3.2.1 2.6GHz carrier frequency
Rural
The MPL for Rural scenario at 2.6GHz carrier frequency, in case of NLOS and LOS propagation, is provided in Figure 6 and Figure 7, respectively. 
[image: ]
[bookmark: _Ref47664523]Figure 6. DL and UL channels MPL values in Rural NLOS scenario 2.6GHz, TDD.

[image: ]
[bookmark: _Ref47664527]Figure 7. DL and UL channels MPL values in Rural LOS scenario 2.6GHz, TDD.
Similar trends as the ones observed for its FDD counterpart appear for this scenario as well. Overall, PUSCH displays the worse performance and can be considered as a bottleneck for eMBB service for both O2I and O2O, NLOS and LOS propagations. The situation improves for VoIP service where PUSCH shows equivalent coverage as PDCCH and outperforms PUCCH F1 by roughly 3.5 dB in NLOS propagation. No evident coverage bottleneck presents in LOS propagation for VoIP service. We remark that both UL data and control channels do not show any noteworthy issue to support 1732m ISD, for both NLOS and LOS. However, in some extreme coverage applications with high ISD, PUSCH could be a bottleneck for eMBB service as discussed above.
[bookmark: _Toc47693403]Observation 9. In Rural 2.6GHz TDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No channel shows significant coverage issues for VoIP service.
Urban
The MPL for Urban scenario at 2.6GHz carrier frequency, in case of NLOS propagation, is provided in Figure 8.
[image: ]
[bookmark: _Ref47667658]Figure 8. DL and UL channels MPL values in Urban NLOS scenario 2.6GHz, TDD.
For eMBB service, PUSCH is clearly the bottleneck channel in this case, both qualitatively and quantitatively. The MPL value for this channel is more than 10 dB lower than what is observed for PUCCH F1, and about 10 dB lower than what is observed for PUCCH F3. O2I seems to be a problematic scenario for Urban TDD, assuming NLOS propagation. In contrast, no evident coverage bottleneck exists for VoIP service.
[bookmark: _Toc47693404]Observation 10. In Urban 2.6GHz TDD scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS propagation. No channel shows significant coverage issues for VoIP service.
3.2.2 4GHz carrier frequency
Rural
The MPL for Rural 4GHz scenario, in case of LOS propagation, is illustrated in Figure 9 and Figure 10 for the antenna array gain modeling using theoretical and hybrid simulation approaches, respectively. 
[image: ]
[bookmark: _Ref47539828]Figure 9. DL and UL channels MPL values in Rural LOS scenario 4GHz, TDD.
[image: ]
[bookmark: _Ref47669401]Figure 10. DL and UL channels MPL values in Rural LOS scenario 4GHz, TDD, antenna array gain modelling using hybrid simulation approach, ISD = 1732m.
Similar observations as for the case of 2.6GHz carrier frequency are also applicable for 4GHz carrier frequency, for Rural scenario. From both antenna array gain modelling approach, it can be observed that PUSCH could be the bottleneck channel for eMBB service in some extreme coverage applications with high ISD, whereas PUCCH coverage does not show any noteworthy issue for Rural in FR1 TDD. No evident coverage bottleneck exists for VoIP service.
[bookmark: _Toc47693405]Observation 11. In Rural 4GHz TDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No channel shows significant coverage issues for VoIP service.
Urban
The MPL for Rural 4GHz scenario, in case of LOS propagation, is illustrated in Figure 11and Figure 12 for the antenna array gain modeling using theoretical and hybrid simulation approaches, respectively. 
[image: ]
[bookmark: _Ref47713834]Figure 11. DL and UL channels MPL values in Urban NLOS scenario 4GHz, TDD.
[image: ]
[bookmark: _Ref47713836]Figure 12. DL and UL channels MPL values in Urban NLOS scenario 4GHz, TDD, antenna array gain modelling using hybrid simulation approach, ISD = 500m.
Similar observations as for the case of 2.6GHz carrier frequency are also applicable for 4GHz carrier frequency, for Urban scenario. Indeed, from both array gain modelling approaches, it can be observed that PUSCH is clearly the bottleneck channel for eMBB service in this case, both qualitatively and quantitatively. No evident coverage bottleneck exists for VoIP service.
[bookmark: _Toc47693406]Observation 12. In Urban 4GHz TDD scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS propagation. No channel shows significant coverage issues for VoIP service.
3.3 Impact of the frame structure on the MCL of PUSCH for eMBB service
The DDDSUDDDSU frame structure is also evaluated for Rural and Urban scenarios at 4GHz. A summary of the PUSCH MCL gain and coverage increase brought by the adoption of DDDSUDDSUU against  DDDSUDDDSU frame structure, in case of eMBB service, is given in Table 7. Interestingly, by using only one more uplink slot, we observe that DDDSUDDSUU frame structure offers a non-negligible increase for both metrics, and particularly consistent across different scenarios and propagation conditions.
	 
	Rural TDD
	Urban TDD

	 
	
	

	 
	MCL gain [dB]
	Coverage increase
	MCL gain [dB]
	Coverage increase

	 
	
	
	
	

	Low speed NLOS
	2.07
	13.33%
	2.12
	13.04%

	Low speed LOS
	1.81
	11.02%
	2.01
	11.86%

	High speed NLOS
	2.16
	13.39%
	N/A
	N/A

	High speed LOS
	1.87
	11.35%
	N/A
	N/A


[bookmark: _Ref40456817][bookmark: _Ref40456733]Table 7. MPL gain and coverage increase brought by the adoption of an TDD frame structure optimized for UL coverage extension.
[bookmark: _Toc47693407]Observation 13. Adopting DDDSUDDSUU frame structure for coverage enhancement yields between 1.87 and 2.16 dB MCL increase to PUSCH and extend its coverage by 11.35% to 13.39% against DDDSUDDDSU frame structure, depending on the considered scenario. 
[bookmark: _Toc47696639]Proposal 5. Frame structure in TDD deployments has a significant impact on MCL and coverage of both downlink and uplink channels. The existence of this degree of freedom for the scheduler in practical deployments shall not be ignored when assessing the merit of possible PUSCH enhancements in the context of the SI.
4	Conclusion
[bookmark: _GoBack]In this contribution, we have presented the results of our baseline coverage evaluation of UL and DL channels in FR1. 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 for data channel can be improved by using qam64-LowSE MCS index table (table 3), which yields 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. AMR-WB 12.65 (kbit/s) codec should be considered for the VoNR coverage enhancement study, with a corresponding packet size of 352 bits.

Observation 6. Using a hybrid simulation approach to model antenna array gain provides a flexible and efficient way to obtain practically more relevant values, focusing on cell-edge UEs and differentiating between broadcast and unicast transmissions.

Observation 7. In Rural 700MHz FDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No evident coverage bottleneck is present for VoIP service.

Observation 8. In Rural 2GHz FDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No evident coverage bottleneck is present for VoIP service.

Observation 9. In Rural 2.6GHz TDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No channel shows significant coverage issues for VoIP service.

Observation 10. In Urban 2.6GHz TDD scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS propagation. No channel shows significant coverage issues for VoIP service.

Observation 11. In Rural 4GHz TDD scenario, PUSCH could be a bottleneck for eMBB service in extreme coverage applications. No channel shows significant coverage issues for VoIP service.

Observation 12. In Urban 4GHz TDD scenario, PUSCH could be a bottleneck for eMBB service, in case of NLOS propagation. No channel shows significant coverage issues for VoIP service.

Observation 13. Adopting DDDSUDDSUU frame structure for coverage enhancement yields between 1.87 and 2.16 dB MCL increase to PUSCH and extend its coverage by 11.35% to 13.39% against DDDSUDDDSU frame structure, depending on the considered scenario.

In addition, the following proposals have been made:
Proposal 1. The qam64-LowSE MCS index table (table 3) shall be considered for the study of NR coverage enhancement.

Proposal 2. The maximum coverage of PUSCH shall be evaluated for the combination of number of allocated PRBs and MCS index which yields the largest MCL value.

Proposal 3. Antenna array gain values reflective of realistic implementation and network operation should be used, whenever possible.

Proposal 4. For antenna array gain for LLS based methodology for FR1, Option 1 should be preferred and hybrid simulation approach to model antenna array gain could be considered. Alternatively, practically relevant correction factors should be used to modify the theoretical array gain calculations.

Proposal 5. Frame structure in TDD deployments has a significant impact on MCL and coverage of both downlink and uplink channels. The existence of this degree of freedom for the scheduler in practical deployments shall not be ignored when assessing the merit of possible PUSCH enhancements in the context of the SI.
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