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Introduction
During RAN1 #88 meeting, the following agreement on the maximum number of SS blocks was made [1]. In this contribution, link budget analysis is provided for NR above 6 GHz to obtain required EIRP values and required number of beams for the transmission of SS blocks. Based on the analysis, the maximum number of SS blocks, L, within SS burst set is proposed in our companion contribution [7].
	Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
· For frequency range category #A (e.g., 0 ~ 6 GHz), the number (L) is TBD within L ≤ [16]
· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]
· FFS: L for additional frequency range category



Link Budget Analysis for UMi NLoS Channel
To support inter-site distance (ISD) 200 meters in urban microcell environment, we need 133 meters as a serving cell coverage considering Hexagonal grid lay-out shown in Fig. 1. To lower the implementation burden at UEs for inter-cell detection/measurement [2] and also to help seam-less handover for high-mobility UEs, at least 50% longer coverage is needed for SS blocks. In this regards, we assume that 200 meter as a coverage requirement for SS blocks for link budget analysis. 
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Figure 1 Hexagonal grid lay-out for cell-planning

Assuming 5 dBi element gain as in [3] at UE side, Grx [dBi] antenna gain is obtained if NUE antenna elements are used to form receiver beamforming
Grx = 5 + 10log10(NUE) - LUE [dBi]
Note that LUE loss includes at least feedline loss between antenna elements and RF modules. Assuming NUE = 2 as a minimum number of antenna elements at UE side and LUE = 1 dB, then we apply Grx = 7 dBi antenna gain for the reception of SS blocks at UE side. 
We need to consider misalignment between bore-sight angle of the Tx/Rx beam pattern and the AoD/AoA of the spatial channel between TRP and UEs. If such misalignment becomes large, then the corresponding beam mismatch loss would be larger. To reduce beam mismatch loss, we can employ larger number of beams patterns with small difference in their bore-sight angles. For example, Figure 2 shows an example design of beam patterns for a 16 x 8 array antenna whose beam mismatch loss is up to 3 dB. 
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Figure 2 Beam pattern design example for 128 (=16 x 8) array antenna
Assuming the same values as in [3] for the other parameters, Table 1 shows link budget analysis for two different frequency bands 28 GHz and 39 GHz. For the bandwidth for SS blocks, currently we have two candidates 34.6 MHz and 69.1 MHz, and it is expected that NR may support one of them or both of them for SS block transmission. From the link budget analysis in Table 1, we have the following observation.
Observation 1: Around 46.1 – 52.1 dBm EIRP needs to be considered for SS block transmission to support UEs in NLoS channel condition for ISD 200 meters cell-planning in urban microcell environment. 

Table 1 Link budget analysis of SS blocks for UMi NLoS channel condition 
	Input parameters
	(a) Frequency band
	GHz
	28.0 
	39.0 

	
	(b) Coverage requirements
	m
	200.0 
	200.0 

	
	(c) Noise figure @ UE
	dB
	13.0 
	13.0 

	
	(d) SS BW
	MHz
	34.6 
	69.1 
	34.6 
	69.1 

	Loss
	(e) Pathloss 
	dB
	134.5 
	137.5 

	
	(f) Shadow fading margin
	dB
	5.2 
	5.2 

	
	(g) Beam mismatch loss
	dB
	3.0 
	3.0 

	Rx sensitivity
	(h) Noise power
	dBm
	-85.6 
	-82.6 
	-85.6 
	-82.6 

	
	(i) Req. SNR
	dB
	-6.0 
	-6.0 

	
	(j) Implementation margin
	dB
	2.0 
	2.0 

	
	(k) Required rx sensitivity
	dBm
	-89.6 
	-86.6 
	-89.6 
	-86.6 

	RF spec.
	(l) Rx antenna gain 
	dBi
	7.0 
	7.0 

	
	(m) Required Tx EIRP
	dBm
	46.1 
	49.1 
	49.1 
	52.1 

	(e) UMi NLoS pathloss is applied: Pathloss = 35.3×LOG10(b) +22.4 + 21.3×LOG10(a).
(f) Cell area reliability 90% is assumed.
(h) Noise power = -114+10×LOG10(d)+(c) [dBm].
(k) Req. rx sensitivity = (h)+(i)+(j) [dBm].
(m) Req. Tx EIRP = (e)+(f)+(g)+(k)-(l) [dBm].




Link Budget Analysis for UMi LoS Channel with O2I Loss
Since most UEs are tend to be located in indoor positions as modelled in [3], NR above 6 GHz outdoor TRPs are required to support indoor UEs as many as possible in spite of huge O2I penetration loss as shown in Figure 3. It may not be physically possible for above 6 GHz NR to support cell-edge UEs with NLoS channel condition and O2I penetration loss generated from high-loss model. However, to minimize deployment cost of indoor TRPs, at least UEs located in a building having LoS channel condition and also with O2I penetration loss generated from low-loss model shall be supported for cell-planning with ISD 200 meters in urban microcell environment. 
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Figure 3 CDF of O2I penetration loss in [4] for 28 GHz and 39 GHz

Further assuming that inter-cell handover between outdoor gNBs is not needed for indoor UEs, SS block coverage requirement is applied as same as the serving cell coverage 133 meters. Thanks to the LoS channel condition, roughly 32 dB reduced loss is expected in pathloss and shadow fading margin aspects. However, due to the huge O2I penetration loss even for low-loss model, at least 29 dB and 31 dB additional loss should be further taken into account respectively for 28 GHz and 39 GHz frequency bands. From the link budget analysis in Table 2, we have the following observation. 
Observation 2: Around 43.5 – 51.4 dBm EIRP needs to be considered for SS block transmission to support UEs in LoS channel condition with O2I penetration loss for ISD 200 meters cell-planning in urban microcell environment.



Table 2 Link budget analysis of SS blocks for UMi LoS channel condition with O2I penetration loss
	Input parameters
	(a) Frequency band
	GHz
	28.0 
	39.0 

	
	(b) Coverage requirements
	m
	133.0 
	133.0 

	
	(c) Noise figure @ UE
	dB
	13.0 
	13.0 

	
	(d) SS BW
	MHz
	34.6 
	69.1 
	34.6 
	69.1 

	Loss
	(e1) Pathloss
	dB
	105.9 
	108.8 

	
	(e2) O2I Loss
	dB
	29.0 
	31.0 

	
	(f) Shadow fading margin
	dB
	2.2 
	2.2 

	
	(g) Beam mismatch loss
	dB
	3.0 
	3.0 

	Rx sensitivity
	(h) Noise power
	dBm
	-85.6 
	-82.6 
	-85.6 
	-82.6 

	
	(i) Req. SNR
	dB
	-6.0 
	-6.0 

	
	(j) Implementation margin
	dB
	2.0 
	2.0 

	
	(k) Required rx sensitivity
	dBm
	-89.6 
	-86.6 
	-89.6 
	-86.6 

	RF spec.
	(l) Rx antenna gain 
	dBi
	7.0 
	7.0 

	
	(m) Required Tx EIRP
	dBm
	43.5 
	46.5 
	48.4 
	51.4 

	(e1) UMi LoS pathloss is applied : Pathloss = 21×LOG10(b) +32.4 + 20×LOG10(a).
(e2) 90% of O2I penetration loss is applied according to the low loss model in [4].
(f) Cell area reliability 90% is assumed.
(h) Noise power = -114+10×LOG10(d)+(c) [dBm].
(k) Req. rx sensitivity = (h)+(i)+(j) [dBm].
(m) Req. Tx EIRP = (e1)+(e2)+(f)+(g)+(k)-(l) [dBm].




Required Number of Beams for the Transmission of SS Blocks
Considering current state-of-the-art CMOS RFIC implementation as explained in the Appendix, up to 128 RF chains per TXRU should be considered to obtain around 52 dBm EIRP for the transmission of SS blocks. Let’s assume 12 degrees for an elevation half-power beam-width of the 8 x 16 (= 128) array antenna. Considering 30 degrees as an elevation scan range (i.e. similar to LTE FD-MIMO), around 4 beams are needed to cover the elevation scan range with 3 dB beam-width as shown in Figure 2. Considering 120 degrees as an azimuth scan ranges, around 16 beams are needed to cover the azimuth scan range as also shown in Figure 2. In this regard, the required number of beams used for the transmission of SS blocks shall be at least 4 x 16 = 64. 
Observation 3: At least 64 beams should be considered for the transmission of SS blocks.

Conclusions
Observation 1: Around 46.1 – 52.1 dBm EIRP needs to be considered for SS block transmission to support UEs in NLoS channel condition for cell-planning with ISD 200 meters in urban microcell environment. 
Observation 2: Around 43.5 – 51.4 dBm EIRP needs to be considered for SS block transmission to support UEs in LoS channel condition with O2I penetration loss for cell-planning with ISD 200 meters in urban microcell environment.
Observation 3: At least 64 beams should be considered for the transmission of SS blocks.
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Appendix
In [5], example design is provided to obtain 60 dBm EIRP by assuming antenna element gain 6 dBi, waveform PAPR 10 dB, and switch loss 2 dB. Since all these are variable parameters with respect to implementation specific choices, it is better to assume the values for those parameters within certain ranges, e.g., 5 – 8 dBi antenna element gains and 0 – 3 switch loss. Allowing these variations upon the given example values, we can have EIRP range of 58 – 64 dBm if 128/256/512 elements are available in a TXRU respectively for GaAs/SiGe/CMOS technology [5]. For the verification, we apply the same assumption of antenna element gain 5 – 8 dBi and waveform PAPR 10 dB to the state-of-the-art Tx power value reported in [6]. Then, we have the EIRP ranges of 59 – 62 dBm for SiGe with 256 RF chains, which is similar to the ranges in Table 3. Considering 6 dB reduction in EIRP for every half number of elements in antennas and RF chains, the following EIRP ranges can be obtained.
Table 3 Achievable ranges of EIRP and the corresponding required number of antenna elements/RF chains
	Range of EIRP [dBm]
	Required number of antenna elements/RF chains

	
	GaAs
	SiGe
	CMOS

	58 – 64
	128
	256
	512

	52 – 58
	64
	128
	256

	46 – 52
	32
	64
	128
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