	
3GPP TSG RAN WG1 #84bis		R1-162174
Busan, South Korea, April 11-15, 2016
Source:	Samsung
Title:	Evaluation assumptions for 5G new radio interface: Scenarios for SLS
Document for:	Discussion
[bookmark: Source]Agenda item:	8.1.3  
Introduction
In RAN#71, a SI on NR new RAT [1] has been agreed. The objectives of the SI include:
The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
· Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2] including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
· The new RAT shall be inherently forward compatible
· Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures 
In addition, TR38.913 [2] has described usage scenarios, requirements, deployment scenarios and corresponding key performance indicators (KPIs). However, TR38.913 is at this moment incomplete, and some aspects in the TR needs to be further addressed in RAN1. This contribution discusses the simulation scenarios described in [2] and corresponding detailed evaluation assumptions.
Basic Parameters for 28GHz Evaluations: Number of Antennas and Transmission Power
TR38.913 [2] describes 10 different deployment scenarios, which utilizes various ranges of carrier frequencies: ~2, ~4, ~30 and ~70 GHz. A few representative deployment scenarios for these carrier frequencies are summarized in Table 1. 
Table 1. Representative deployment scenarios for different carrier frequencies
	Band (GHz)
	Potential carrier frequencies 
	Deployment scenarios

	Around 2
	2
	Urban macro/micro, rural, etc.

	Around 4
	3.5
	Urban macro/micro, indoor hotspot, small cells

	24-40 (~30)
	28, 39 (WRC19)
	Urban macro/micro, indoor hotspot, small cells

	66-86 (~70)
	74 (WRC19)
	indoor hotspot



While the carrier frequencies around 2GHz and 3.5GHz have been extensively evaluated in Rel-8 through the current release of LTE, the carrier frequencies around 30 and 70 GHz are relatively new, and they have never been evaluated in 3GPP. However, there have been a growing interest to utilize these carrier frequencies for cellular communications in the 3GPP society, and a channel modeling study [6] for these carrier frequencies is being conducted in RAN1. 
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Figure 1 Coupling loss and geometry SNR based on LOS angles, for UMi at 28GHz
According to the recent agreements and relevant tdocs in the channel model SI, the pathloss (PL) modeling is almost complete for UMa and UMi, while some more works need to be done for indoor hotspot. Based on the available PL model and 57 cell hexagonal layout, coupling loss (CL) and LOS-angle based geometry SINR for UMi at 28GHz are shown in Figure 1. The coupling loss cdf curves show that the 28GHz PL is about 20 dB worse than 2GHz PL at 50%tile. This can explain one of the great challenges for designing cellular communication systems for 28GHz. 
The design choices to combat this high PL are to increase transmit power, or to increase number of antennas to achieve higher beamforming gains. For LTE UMi at 2GHz, the BS transmission power is assumed to be 41 dBm for supporting 10 MHz. However, considering the current state-of-the-art RF technology, the feasible BS Tx power values are likely to much be smaller than 41 dB for the same BW at 28GHz. Although the exact values need to be further discussed in RAN1, our expectation is that for supporting 100 MHz BW, the ball-park numbers for the feasible power at 28GHz are about [35] dBm per BS, and [20] dBm per UE. The resulting geometry SINR with adopting the simulation parameters from phase-1 calibration of TR36.873 [7] corresponds to the red cdf curve on the right hand side of Figure 1. It can be seen that more than 50% UEs suffer from less than 0dB geometry SINR, if 35 dBm Tx power is used. 
As further increasing Tx power is likely to be quite challenging, the remaining approach would be to increase the number of antennas so that the beamforming gain can compensate the high PL. In the same plot, the effect of beamforming is emulated with higher Tx powers. With 4x more beamforming gain, which is emulated with 41 dBm Tx power, some SINR improvement is observed, but more than 40% UEs still suffer from less than 0 dB SINR. With 32x more beamforming gain, which is emulated with 51 dBm Tx power, the 28GHz geometry cdf approaches close to the 2GHz one. 
As the geometry plots are obtained with K=10 antenna elements, BS will need to be equipped with ~320 antennas if 32x more beamforming gain needs to be solely achieved at the BS. An attractive alternative to this could be to split the 32x beamforming gain to BS and UE, so that the BS has about 10x8 = 80 antenna elements and the UE has about 4 elements. 
Note that these ballpark numbers are good for system to achieve only the basic coverage. In order to achieve the aggressive eMBB target (e.g., [20] bps/Hz peak spectral efficiency for DL according to [2]), it is likely that a few multiple of these numbers are necessary at both eNB and UE. 
Observation: At 28 GHz, the high PL and current RF technology poises challenges in system to achieve basic coverage.
Proposal 1: For 28GHz evaluations, the following parameters need to be determined:
· Transmission power: 
· Suggested values are [35] dBm per BS, and [20] dBm per UE
· Number of antennas at the BS and at the UE to achieve the basic coverage: 
· Suggested values are [64] at the eNB and [4] at the UE.
· Number of antennas at the BS and at the UE to achieve the eMBB spectral efficiency targets:
· Suggested values are multiples of those values to achieve the basic coverage.
Antenna modeling
BS antenna modeling 
A WF [3] agreed in RAN1-channelmodel-adhoc in March 2016 describes a generalized version of the 2D antenna array model (see Figure 2). The WF extends the single antenna panel in TR36.897 [4], and proposes a uniform rectangular panel array (URPA) comprising multiple (Mg∙Ng) antenna panels. On each antenna panel, uniform rectangular array is placed, which comprises multiple antenna elements with (M, N, P) and (dH, dV) as defined in [4]. This multi-panel antenna model reflects the hardware design constraints for the higher carrier frequency, and can be essential for the new RAT to achieve the spectral efficiency target for 28GHz, as discussed in Section 2. 


[bookmark: _Ref446504280]Figure 2 URPA antenna model
For sub-6GHz, a single panel antenna array (i.e., Mg = Ng = 1) with subarray partition [4] can be used for evaluations. On the other hand, for above-6GHz, a multi-panel antenna array with per-panel subarray motivated in a companion contribution [5] can be used for evaluations. For both sub-6GHz and above-6GHz, antenna radiation pattern of each antenna element can be generated according to Table 2.
[bookmark: _Ref446504342]Table 2 BS antenna radiation pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	8 dBi



Proposal 2: Adopt the uniform rectangular panel array (URPA) shown in Figure 2 as a BS antenna model for this SI.
· For sub-6GHz, a single panel antenna array (i.e., Mg = Ng = 1) with subarray partition [4] can be used for evaluations.
· For above-6GHz, a multi-panel antenna array with per-panel subarray can be used for evaluations.
· Suggested numbers for (Mg, Ng) are (1,4).
Proposal 3: Take the BS antenna radiation pattern in Table 2 as a starting point for above-6GHz. 
UE antenna modeling
For sub-6GHz, the UE antenna configuration used for evaluation of the LTE technology can be reused:
· Dual-pol with 90 and 0 degree polarization
· Omni directional with 0 dB antenna gain.
On the other hand, for >6GHz, beamforming gain is essential also at the UE even for ensuring basic coverage, as seen in Section 2. In this case, directional antenna element pattern should be introduced for the UE to support directional beamforming and 360° coverage. One possibility is to adopt the BS antenna configuration in Figure 2 and most of the BS antenna radiation pattern parameters, as shown in Table 3. 
[bookmark: _Ref446510177]Table 3 UE antenna radiation pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	[6] dBi



Proposal 4: Adopt the following UE antenna configurations.
· For sub-6GHz, 2Rx, dual-pol with 90 and 0 degree polarization, omni-directional.
· For above-6GHz, a multi-panel antenna array with per-panel subarray.
Proposal 5: Take the UE antenna radiation pattern in Table 3 as a starting point for above-6GHz. 
TXRU to element mapping
As explained in our companion paper [5], at 28GHz, ADC/DAC cost is high and power consumption is high, so the number of TXRUs per system can be limited. Given the panel architecture, a natural choice could be to allocate P TXRUs per panel. In order to achieve beamforming gain across the desired steering/scanning angles with small number of TXRUs (in the extreme with a single TXRU), time-adaptability of the analog beamforming seems to be essential. On top of analog beamforming, to achieve the spectral efficiency target, it seems also essential to allow digital precoding operation across the multiple panels. 
Proposal 6: For 28GHz evaluations, each panel should be associated with P TXRUs. 
· Time-adaptability of the analog beamforming on each TXRU should be allowed. 
· Digital precoding across the TXRUs should be allowed.
[bookmark: _Toc426289536]Conclusion
The proposals made in this contribution are summarized below.
Proposal 1: For 28GHz evaluations, the following parameters need to be determined:
· Transmission power at 28GHz: 
· Suggested values are [35] dBm per BS, and [20] dBm per UE
· Number of antennas at the BS and at the UE to achieve the basic coverage: 
· Suggested values are [64] at the eNB and [4] at the UE.
· Number of antennas at the BS and at the UE to achieve the eMBB spectral efficiency targets:
· Suggested values are multiples of those values to achieve the basic coverage.
Proposal 2: Adopt the uniform rectangular panel array (URPA) shown in Figure 2 as a BS antenna model for this SI.
· For sub-6GHz, a single panel antenna array (i.e., Mg = Ng = 1) with subarray partition can be used for evaluations.
· For above-6GHz, a multi-panel antenna array with per-panel subarray can be used for evaluations.
· Suggested numbers for (Mg, Ng) are (1,4).
Proposal 3: Take the BS antenna radiation pattern in Table 2 as a starting point for above-6GHz. 
Proposal 4: Adopt the following UE antenna configurations.
· For sub-6GHz, 2Rx, dual-pol with 90 and 0 degree polarization, omni-directional.
· For above-6GHz, a multi-panel antenna array with per-panel subarray.
Proposal 5: Take the UE antenna radiation pattern in Table 3 as a starting point for above-6GHz. 
Proposal 6: For 28GHz evaluations, each panel should be associated with P TXRUs. 
· Time-adaptability of the analog beamforming on each TXRU should be allowed. 
· Digital precoding across the TXRUs should be allowed.
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