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1. Introduction
In previous meetings[1], a set of evaluation assumptions was agreed with some parameters left to be reported by companies. In this contribution, we provide our considerations on some parameters we used in coverage evaluations [2][3].
2. [bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: _Ref32326212]Evaluation assumptions for physical channels
1. 
For PUSCH, lower MCS and more allocated RBs will not necessarily bring about better coverage since the UL transmission is power limited, more RBs means lower PSDs for each data RE. An optimal MCS and RB number combination maybe identified through evaluation. Nevertheless, best MCS and RB number combination is not practical for gNB scheduling. The best combination will be changed with different channel status, e.g. power delay profile and Doppler spread, gNB may not get such detailed channel information in real deployment. Besides, network scheduling is impacted by multiple factors, such as network load, user priorities, traffic delay requirements. Coverage maybe one of the factors, but it is not necessarily only the most important one. Therefore, a fixed MCS or a fixed number of allocated RBs for PUSCH can be assumed for PUSCH for simplicity.
[bookmark: PP1]Proposal 1: A fixed MCS/RB allocation is preferred for PUSCH evaluation.
PUCCH repetition has been supported in Rel-15. Although PUCCH repetition may provide higher reliability, it may not necessarily lead to ‘better coverage’. For PUCCH repetition, if PUCCH transmission is dropped due to collision with DL symbols or canceled by SFI, the PUCCH transmission is postponed. Furthermore, based on current mechanism, UE is not expected to receive a PDSCH with the same HARQ process before the transmission of HARQ-Ack of previous transmission is finished. In other words, if PUCCH repetition is postponed, the PDSCH reception is also postponed if retransmission is needed. In this case, PDSCH performance is degraded. Besides, PUSCH is one of the bottlenecks in the physical channels, and PUSCH repetition is considered as a baseline for coverage enhancements. Due to limited UL resources in TDD frame structure, PUSCH and PUCCH would be transmitted in the overlapping resources, if repetition for both channels are enabled. Thus, PUSCH is either dropped or multiplexed with PUCCH according to RRC configuration, which means the coverage of PUSCH would be degraded due to PUCCH repetition. Therefore, the number of repetitions for PUCCH evaluation should be limited in coverage evaluation.
[bookmark: OB1]Observation 1: Coverage of PDSCH and PUSCH may be degraded if PUCCH repetition is introduced. Hence PUCCH without repetition is preferred in evaluation.
PRACH format 0 and PRACH format B4 are agreed as the candidate formats for evaluations in FR1. The duration of PRACH format 0 is nearly 1ms, which may be not deployed for some UL/DL configurations. For example, in the frame structure DDDSU (S: 10D:2G:2U) with 30kHz SCS, the PRACH format 0/1/2/3 cannot be supported, while PRACH format B4 with 30kHz SCS is feasible for this frame structure. Hence, the PRACH format for coverage evaluation should also take the frame structure into consideration.
[bookmark: OB2]Observation 2: PRACH with long duration, e.g. format 0/1/2/3, cannot be deployed in some frame structure. The PRACH format for coverage evaluation should also take the frame structure into consideration.
· PRACH format B4 should be used for frame structure DDDSU with 30kHz SCS.
3. Difference between Unicast BF gain and broadcast BF gain
The DL coverage is highly dependent on the gNB transmission EIRP. While the EIRP is usually determined based on transmission power and beamforming gain. In Rel-15/Rel-16, for a UE specific downlink transmission, gNB may select beam with better quality to serve a UE through beam management procedure or taking advantage of channel reciprocity, hence large BF gain can be assumed for transmissions or receptions other than DL broadcast channels.
For DL broadcast channels, e.g. SSBs and PDCCH in type 0-2 CSSs, typically these channels are served by fixed and wider beams, the beamforming gain would be lower compared with UE specific channels. The difference is not considered in ITU link budget template. To reflect the coverage of the broadcast channels more accurately, the BF gain difference between broadcast channel and unicast channel should be reflected in link budget template. 
In last meeting, correction factor is introduced to reflect the non-ideal factors in antenna array gain component gain 2, 3 and 4. The beamforming at gNB can be implemented in analog or digital domain, which depends on the antenna structure. In FR1 2.6GHz and 4GHz, the beamforming is realized by mapping from k RF chains to N TxRUs, which is defined as antenna component 2 in [1]. In this case, the correction factor for BF gain difference should be included in antenna gain component 2. While for 2GHz, k=N=2 is assumed at gNB in our evaluation, which means BF gain in antenna component 2 is not applicable. Similarly, for FR2, k=N=2 is assumed based on previous agreements, analog beamforming is assumed, however there is no antenna gain component 2. Hence, for cases with k=N in FR1 or FR2, both broadcast and unicast BF is reflected in antenna gain component 3&4. Specifically, the correction factor to reflect the difference between broadcast and unicast, is included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, and is reflected in antenna gain component 3&4 for FR1 2GHz and FR2.
[bookmark: OB3]Observation 3: The correction factor for the difference between broadcast and unicast, is
· included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, 
· included in antenna gain component 3&4 for FR1 2GHz and FR2, if k=N=2 is assumed.
For 700MHz rural, non-AAS antenna is assumed at gNB, a sector is served by a single broadcast beam regardless of unicast transmission or broadcast transmission. There is no difference between unicast and broadcast BF gain for 700MHz rural, i.e. the correction factor is 0;
We evaluated the BF gain difference between unicast BF and broadcast BF through system level simulation, and the difference is reflected by the RSRP difference measured at UEs in a serving cell. The number of broadcast beam and the beam width is selected to make sure every position in a cell is covered by a broadcast beam within 3dB beam width. For broadcast beams, there are 4 horizontal beams in FR1, and 64 beams cover 16 horizontal directions and 4 vertical directions in FR2. For unicast beams, 8 DFT based horizontal beams are modeled for FR1, and 128 DFT based beams composing 32 horizon directions and 4 vertical directions are modeled for FR2. The detailed evaluation assumptions for broadcast and unicast beams are given in Appendix.
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(a) FR1 2.6GHz                                                             (b) FR1 4GHz
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(c) FR2 Urban                                                               (d) FR2 Indoor
[bookmark: _Ref39855116]Figure 1. CDF of RSRP with broadcast BF and unicast BF
As shown Figure 1, the RSRP of unicast BF is obviously higher than that of broadcast BF. In FR1, the BF gain of unicast BF is about 8dB higher than broadcast BF. In FR2, the difference is about 8dB and 5dB for urban and Indoor, respectively. Without loss of generality, we have the following proposal on correction factors for broadcast channels.
[bookmark: PP2]Proposal 2: The correction factor for gNB Tx BF gain for broadcast channel, should be considered in link budget template.
· In FR1, the correction factor is about 8dB for carrier frequency other than 700MHz; 0dB for 700MHz.
· In FR2, the correction factor is about 8dB and 5dB in urban and indoor scenarios, respectively. 
For UL channels, since a single omni-directional antenna is assumed in FR1, there is no Tx beamforming performed at UE, hence correction factor is not needed for UL channels associated with broadcast channels, e.g. PRACH, MSG3. While for FR2, UE would transmit UL channel in corresponding to DL signals, hence the correction factor for gNB Rx beamforming should also be considered for PRACH and MSG3, the same correction factor values can be assumed as that for Tx beamforming.
[bookmark: PP3]Proposal 3: The correction factor for gNB Rx BF gain should be considered for FR2 for PRACH and MSG3, the same values can be assumed as that for Tx beamforming.


4. [bookmark: _Hlk53654402]Correction factor for antenna gain loss due to tilt angle
[bookmark: _Hlk53654440]As discussed in previous meetings, antenna gain component 4 should also be considered in the antenna array gains, which is determined by the antenna element gain and the antenna pattern. The actual antenna gain depends on the antenna pattern and the tilt angle from the boresight direction of the gNB pannel rather than simply use the maximum antenna element gain. In RAN1#102e, correction factor 2 is  introduced for antenna components 3&4. We also obtain the correction factor due to tilt angle through system level evaluation using the following methodology.
· Step 1: Obtain the tilt angle of UE direction from the boresight of the gNB pannel through SLS.
· Step 2: Get the actual antenna gain based on the antenna radiation pattern.
We obtained average antenna gain loss of the evaluated UEs in each scenario, the results are provided in the following table.
Table 1  Average antenna gain loss due to tilt angle obtain from SLS
	Scenarios
	2(dB)

	Urban/Rural 4GHz
	2.6964

	Urban/Rural 2.6GHz
	2.6

	Urban 28GHz
	3.07

	Indoor 28GHz
	3.48


[bookmark: PP4][bookmark: _Hlk53654430]Proposal 4: The gNB antenna gain loss, due to tilt angle from the boresight direction of antenna pannel, is about 2.65dB for FR1, and about 3.07dB and 3.48dB for FR2 in Urban and Indoor, respectively.
5. Conclusion
In this contribution, we discussed the evaluation assumptions and methodologies for coverage enhancements. Based on the discussion in previous sections, and we have the following proposals:
Proposal 1: A fixed MCS/RB allocation is preferred for PUSCH evaluation.
Observation 1: Coverage of PDSCH and PUSCH may be degraded if PUCCH repetition is introduced. Hence PUCCH without repetition is preferred in evaluation.
Observation 2: PRACH with long duration, e.g. format 0/1/2/3, cannot be deployed in some frame structure. The PRACH format for coverage evaluation should also take the frame structure into consideration.
· PRACH format B4 should be used for frame structure DDDSU with 30kHz SCS.
Observation 3: The correction factor for the difference between broadcast and unicast, is
· included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, 
· included in antenna gain component 3&4 for FR1 2GHz and FR2, if k=N=2 is assumed.
Proposal 2: The correction factor for gNB Tx BF gain for broadcast channel, should be considered in link budget template.
· In FR1, the correction factor is about 8dB for carrier frequency other than 700MHz; 0dB for 700MHz.
· In FR2, the correction factor is about 8dB and 5dB in urban and indoor scenarios, respectively. 
Proposal 3: The correction factor for gNB Rx BF gain should be considered for FR2 for PRACH and MSG3, the same values can be assumed as that for Tx beamforming.
Proposal 4: The gNB antenna gain loss, due to tilt angle from the boresight direction of antenna pannel, is about 2.65dB for FR1, and about 3.07dB and 3.48dB for FR2 in Urban and Indoor, respectively.
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Appendix
[bookmark: _Ref46936248][bookmark: _Ref46936241]Table 2  Evaluation assumptions for UE RSRP for broadcast BF and unicast BF
	Attributes/
parameters
	Assumptions

	Scenario/
Frequency
	4GHz and 2.6GHz
	28GHz Urban
	28GHz indoor

	Tx power
	41 dBm for 10 MHz bandwidth
	37 dBm for 40 MHz bandwidth
e.i.r.p. should not exceed 73 dBm
	20 dBm for 40 MHz bandwidth
e.i.r.p. should not exceed 58 dBm

	Penetration loss
	20% high loss, 80% low loss
	20% high loss, 80% low loss
	N/A

	ISD
	200 m
	200 m
	20m

	gNB antenna config
	 (M,N,P,Mg,Ng)= (12,8,2,1,1)
	(M,N,P,Mg,Ng;Mp,Np)= (4,8,2,2,2;1,1)
	(M,N,P,Mg,Ng;Mp,Np)= (8,8,2,1,1;1,1)

	UE antenna config
	(M,N,P,Mg,Ng)= (1,2,2,1,1)
(dH, dV) = (0.5, N/A) λ
	(M,N,P,Mg,Ng)= (2,2,2,1,1)
(dH, dV) = (0.5, 0.5) λ
	(M,N,P,Mg,Ng)= (2,2,2,1,1)
(dH, dV) = (0.5, 0.5) λ

	BS ant pattern
	Table A.2.1-4 in TR 38.802
	Table A.2.1-6 in TR 38.802
	3-sector BS antenna pattern in Table A.2.1-7 in TR 38.802

	UE ant pattern
	Omni-direction
	Table A.2.1-8 in TR 38.802
	Table A.2.1-8 in TR 38.802

	SSB beam directions
	Azimuth angle φ(i) = 
[-3 * pi/12, -pi/12, pi/12, 3 * pi/12]

Zenith angle θ(j) = [pi/2]
	Azimuth angle φ(i) = 
[-15*pi/48, -13*pi/48, -11*pi/48, -9*pi/48, -7*pi/48, -5*pi/48, -3*pi/48, -1*pi/48, 1*pi/48, 3*pi/48,5*pi/48, 7*pi/48, 9*pi/48, 11*pi/48,13*pi/48, 15*pi/48,]

[bookmark: OLE_LINK5]Zenith angle θ(j) = [9*pi/16,11*pi/16,13*pi/16,15*pi/16]
	Azimuth angle φ(i) = 
[-15*pi/48, -13*pi/48, -11*pi/48, -9*pi/48, -7*pi/48, -5*pi/48, -3*pi/48, -1*pi/48, 1*pi/48, 3*pi/48,5*pi/48, 7*pi/48, 9*pi/48, 11*pi/48,13*pi/48, 15*pi/48,]

Zenith angle θ(j) = [9*pi/16,11*pi/16,13*pi/16,15*pi/16]

	Unicast beam directions

	Azimuth angle φ(i) = 
[-7*pi/24, -5*pi/24, -3*pi/24, -1*pi/24,1*pi/24, 3*pi/24, 5*pi/24, 7*pi/24];

Zenith angle θ(j) = [pi/2];
	Azimuth angle φ(i) = 
[-31*pi/96, -29*pi/96, -27*pi/96, -25*pi/96, -23*pi/96, -21*pi/96, -19*pi/48, -17*pi/48, -15*pi/96, -13*pi/96, -11*pi/96, -9*pi/96, -7*pi/96, -5*pi/96, -3*pi/48, -1*pi/48,1*pi/96, 3*pi/96,5*pi/96, 7*pi/96, 9*pi/96, 11*pi/96,13*pi/96, 15*pi/96, 17*pi/96, 19*pi/96,21*pi/96, 23*pi/96, 25*pi/96, 27*pi/96,29*pi/96, 31*pi/96]

Zenith angle θ(j) = [9*pi/16,11*pi/16,13*pi/16,15*pi/16]
	Azimuth angle φ(i) = 
[-31*pi/96, -29*pi/96, -27*pi/96, -25*pi/96, -23*pi/96, -21*pi/96, -19*pi/48, -17*pi/48, -15*pi/96, -13*pi/96, -11*pi/96, -9*pi/96, -7*pi/96, -5*pi/96, -3*pi/48, -1*pi/48,1*pi/96, 3*pi/96,5*pi/96, 7*pi/96, 9*pi/96, 11*pi/96,13*pi/96, 15*pi/96, 17*pi/96, 19*pi/96,21*pi/96, 23*pi/96, 25*pi/96, 27*pi/96,29*pi/96, 31*pi/96]

Zenith angle θj = [9*pi/16,11*pi/16,13*pi/16,15*pi/16]

	UE beam directions
	N/A
	Azimuth angle φ(i) = [-1*pi/4, 1*pi/4]
Zenith angle θ(j) = [1*pi/4, 3*pi/4]
	Azimuth angle φ(i) = [-1*pi/4, 1*pi/4]
Zenith angle θ(j) = [1*pi/4, 3*pi/4]

	UE distribution
	Uniformly distributed: 80% indoor, 20% outdoor (in‑car)
	Uniformly distributed: 80% indoor, 20% outdoor (in‑car)
	Uniformly distributed indoor

	UE velocity
	Outdoor users (in-car): 30 km/h
Indoor users: 3km/h
	Outdoor users (in-car): 30 km/h
Indoor users: 3km/h
	Indoor users: 3km/h
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