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1. Introduction

At the RAN1 #78bis meeting, SI on elevation BF and FD-MIMO was initiated and there have been intensive discussions on the typical application scenarios, phase 1 performance evaluations and baseline technologies [1]. In the 3D MIMO study, eNB antenna configuration is enhanced compared to that on legacy MIMO technologies. More specifically, 3D MIMO assumes two dimensional array structure with maximum 64 TXRUs, whereas legacy MIMO basically assumes an operation with up to 8 TXRUs which are arranged in the horizontal domain. Hence, it is important to study the Rel. 12 performance using enhanced eNB antenna configuration without any standardization enhancement. At the RAN1 #79 meeting, there were discussions on baseline technologies and several agreements were reached as follows [2].
Agreements:
· For a given antenna array configuration, an enhancement proposal that requires specifications change should at least be provided with the following:
· A baseline case

· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications

· An enhancement case

· An enhancement is considered to have specification impact to Rel-12

· The enhancement case should at least be evaluated against the baseline case, where the comparison should consider not only performance benefits, but also other factors e.g., complexity, overhead, etc.

· Antenna array configuration is given by the parameters {M,N,P,Q}
· Baseline and Enhancement cases assume the same values for M, N, P, Q 

· 1D TXRU virtualization: The total number of associated TXRUs:  Q= MTXRU * N * P according to TXRU model-1 (as defined in RAN1#78bis)

· 2D TXRU virtualization: The total number of TXRUs Q should be described by the proponent
· TXRU virtualization models
· For a given array antenna configuration, the Baseline and Enhancement cases can 

· assume different virtualization weight vectors ( for1D or 2D virtualization)

· assume different TXRU architecture options (e.g. sub-array architecture, full-connection architecture, 2D architecture)

· Companies are encouraged to additionally provide both baseline and enhancement case results for the same architecture option

· Introduce the following TXRU virtualization model:

· Sub-array partition model 2

· q(i)=w(i)x(i), i=1, .., MTXRU
· The length of w(i) is given by K = M/MTXRU
· w is given by
· a. Option A: [image: image1.png]



· b. Option B: wk(i) as given by the proponent company

· The description for 2D TXRU virtualization model to be provided on Thursday
· Note: Companies are free to choose TXRU virtualization models not agreed in RAN1.

Subsequently, an e-mail discussion is ongoing in order to share details of the baseline cases [3]. In this contribution, we show some candidates for baseline technologies, which can be achieved by Rel. 12 technologies and considered as a benchmark for the Rel. 13 enhancement.
2. Possible Baseline Schemes
· 3D MIMO operation in macro layer

Table 1 shows examples on the baseline technologies for macro deployment. Note that these are some candidates among various possible solutions.
Table 1: Baseline technologies for macro scenario
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Subarray partitioning: 
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We present four different baseline schemes for three different antenna configurations in terms of M, N, P and Q. First example is the case with N=1. This configuration is one of the most probable cases in terms of realistic deployment considering the physical size and weight. In this example, subarray partitioning is applied and vertical beamforming can be conducted, e.g., with Rel. 10 8-Tx CSI. The 2nd case assumes the same antenna structure as the 1st example. Here two (or more) CSI processes with different tilting angles is utilized to achieve UE-specific elevation beamforming. In this case, one CSI-RS is mapped to multiple TXRUs and achieves digital beamforming. The 3rd and 4th cases are similar extension of the 2nd case, but with a different antenna configurations.

Although, we showed some examples with subarray partitioning based TXRU virtualization, full connection schemes can be also considered. Major difference between these two vertualization schemes are as follows. Firstly, subarray partitioning is more simple in terms of antenna implementation, since it requires less analog phase shifter compared to full connection scheme. Secondly, subarray pertitioning achieves higher flexibility on vertical digital beamforming, whereas full connection rely vertical beamforming on analog phase shifter and vertical beam for each of the TXRU is static. Finally, full connection achieves higher beamforming gain per TXRU, since one TXRU is connected to all vertical elements. 
· 3D MIMO operation in small cell layer

Table 2 shows possible candidates on the baseline technologies for small cell deployment.

Table 2: Baseline technologies for small cell scenarios
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We present three baseline schemes for small cell deployment. First example shows a basic Rel. 12 8-Tx  MIMO operation. In practice, for small cell deployment, vertical beamforming gain is relatively low compared to that for macro cells, since the number of vertical anntenna elements, M, is limited. Hence this option can be one reasonable baseline case considering the complexity of system implementation and performance. Second example shows a vertical beamforming scheme using multiple CSI processes, which is presented in the examples for macro scenarios. Similar to the case for macro scenario, we can consider full connection scheme as another alternative. The last example applies for TDD case. Considering that higher frequency band presents higher affinity for TDD operation, it is important to consider TDD based MIMO technologies 3.5 GHz small cell scenario.
3. Performance Evaluation
In this section, we show performance of baseline technologies and compare them with phase 1 result. Table A shows major simulation parameters. The evaluation is performed in 3D-UMi environment with the eNB antenna configuration (M, N, P, Q) of (8, 4, 2, 16). We evaluate performance for subarray partitioning and full connection with the same number of TXRUs. For each case, two CSI processes are utilized, where each of them corresponds to upper and downer vertical beams. Vertical angles are set to 70 and 100 degree for subarray partitioning scheme, whereas 80 and 100 degree are applied for full connection scheme. The reason that we set different vertical angle is that subarray partitioning achieves wider beams and requires larger separation between two vertical beams. FTP traffic model with low, medium and high traffic loads were evaluated, which results in the target RU of 20, 50 and 70 %, respectively. The performance is characterized by the mean, 5% and 50% user packet throughput (UPT). The evaluation results of the UPT values for each traffic load are summarized in Table 1.
Table 1: Performance of baseline schemes

 [image: image4.emf]Target RU SE

Subarray

partitioning

16 TXRU

Full connection

16 TXRU

Phase-1

20 %

Ave. 36.6 (106.7 %) 36.4 (106.1 %) 34.3 (100 %)

5 % 13.2 (125.7 %) 12.3 (117.1 %) 10.5 (100 %)

50 % 37.1 (111.4 %) 37.1 (111.4 %) 33.3 (100 %)

50 %

Ave. 26.1 (123.1 %) 25.8 (121.7 %) 21.2 (100 %)

5 % 7.3 (149.0 %) 7.0 (142.9 %) 4.9 (100 %)

50 % 22.7 (132.0 %) 22.3 (129.7 %) 17.2 (100 %)

70 %

Ave. 20.3 (130.1 %) 20.9 (134.0 %) 15.6 (100 %)

5 % 5.0 (166.7 %) 5.1 (170.0 %) 3.0 (100 %)

50 % 16.4 (140.2 %) 17.0 (145.3 %) 11.7 (100 %)


From the results, we observe that baseline schemes achieves higher performance compared to phase 1 scheme due to the vertical beamforming gain with the gain between 11.4 – 45.3 % for 50 %-tile SE. It indicates that Rel. 12 MIMO technologies can achieve higher gain by implementation. In addition, subarray partitioning and full connection achieves almost the same performance, although more optimization on vertical beam angle can increase each performance.
4. Summary

In this contribution, we discussed the baseline technologies, which can be achieved by Rel. 12 technologies and considered as a benchmark for the Rel. 13 enhancement as shown in Table 1 and 2. Based on simulation results, it was shown that system performance increased with the range between 11.4 - 45.3 % in terms of 50 %-tile SE. In addition, there was minor performance difference between two virtualization schemes in this simulation. These knowledge and simulation results can be used as a reference for the future study on elevation BF and the FD-MIMO.
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Appendix
Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P) = (8, 4, 2), (dH, dV) = (0.5 , 0.8 ), θetilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	Feedback scheme
	PUSCH FB mode 3-2 (for Rel. 12 evaluation)

	CSI-RS transmission interval /
CSI feedback interval
	5 ms

	Traffic model
	Full buffer 

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ (round trip delay)
	Chase combining (8 ms)
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