3GPP TSG-RAN WG6#1                                                                                    R6-160046
Gothenburg, Sweden
       Agenda Item 6.4
22 – 26 August, 2016

Source: Nokia Networks

pCR 45.871 Downlink MIMO – Conclusion
INTRODUCTION

As part of the study item on downlink MIMO, opened at GERAN#57 [1], the conclusion of the feasibility study needs to be added. This contribution provides a summary of the investigations carried out in this feasibility study and concludes the feasibility of this feature. The paper is written as a direct input to section 10 of the Draft TR on MIMO for Downlink [2].
CONCLUSION

This document provides the content for section 10 on the conclusion related to DL MIMO. We propose to include the content into the Draft TR on MIMO for Downlink [2].
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Conclusion

This feasibility study on MIMO for Downlink has presented the concept of using 2x2 MIMO on DL for EGPRS and EGPRS2-A, in order to improve throughput and spectrum efficiency in legacy EDGE networks. The rapid increase of smart phone devices with LTE support with two receive antennas provides us a valuable radio asset which can be fully utilised for 2x2 DL MIMO. Similarly, legacy EDGE networks are often configured with two transmit antennas to support air combining or transmit diversity.
The concept of the 2x2 MIMO system, applying the spatial multiplexing mode, has been described. MIMO spatial channel models are described that are used in the performance evaluation. Usage of mixed modulations on both streams and blind modulation detection are investigated. The sensitivity and interference performance is evaluated for the 2x2 MIMO system for different propagation channels and compared to the reference throughput for a system using the diversity mode (1 TX antenna at BTS and RX diversity at the mobile station). The performance evaluation shows the potential of this technique to support significantly higher data peak throughput (up to around 35%) compared to EGPRS and EGPRS2-A as well as improving the spectral efficiency.

Performance for DL MIMO in a 3/9 frequency reuse network has been accessed for various channel conditions using two channel models (Spatial Channel Model SCM-A (see Annex A), channel with variable correlation), and is captured in the performance summary (section 8.6). This is replicated in Tables 10.1 to 10.4 below. In particular gains versus the diversity mode (1Tx x2 Rx) are higher for EGPRS than for EGPRS2-A, and reach up to around 35%, which is confirmed for both used channel models. Only for radio channel RA130 without frequency hopping and high subchannel power imbalance ratio (SCPIR) Downlink MIMO is observed to perform worse than the single stream diversity mode. Nevertheless, in most conditions a significant gain of 2x2 DL MIMO over the diversity mode is observed. 

Performance for blind mode detection and mode adaptation has been evaluated assuming an ideal feedback channel. Signalling for mode and link adaptation has been investigated in terms of impacts to channel quality reporting by MS and signalling of additional thresholds and parameters by the network, where the signalling of information on the observed correlation between both streams to the network was seen as viable for transmission mode adaptation. In addition, changes to the MS capability signalling for a DL MIMO capable MS were analysed.

RLC/MAC protocol aspects, such as multislot class support for MIMO, TBF establishment and TBF operation were investigated. Multiplexing with legacy MS is possible when using single stream mode or a high SCPIR in case of spatial multiplexing mode, but the latter should be applied with caution to prevent decoding failures at legacy MS. The existing link quality reporting for Downlink Dual Carrier (DLDC) can be widely reused.
A compatibility study was carried out to evaluate the impact of the new DL MIMO interference to performance of legacy voice channels or EGPRS/EGPRS2-A data channels. The impact was expected to be rather limited in a system with typical mixed legacy and DL MIMO interference. In addition, the impact to base station and mobile station hardware was studied.

For the base station the provision of two transmit antennas and of two transmit carrier units to carry both spatial streams is required. Depending on the network configuration, in particular whether baseband hopping or RF synthesizer hopping is used, there is a different impact to network planning due to the introduction of MIMO for Downlink (lower for RF synthesizer hopping compared to baseband hopping). 

For a MS that is equipped with two receive antennas as the underlying assumption, the major impact is on receiver filtering and processing with the provision of a narrowband channel filter with 180 kHz bandwidth in both receive paths to meet receiver blocking requirements or provision of a fall back to single antenna branch reception with subsequent narrow band filtering in case of instantaneous detected blocking on the receive path not equipped with such narrow channel filter. Nevertheless DL MIMO puts relaxed requirements to the MS compared to DLDC, as only a single VCO is needed. 

Due to the higher level of decorrelation between MS receive antennas in DCS 1800 or PCS 1900 compared to GSM 900 due to lower required spacings or antenna sizes, which is essential for decent DL MIMO performance, it is expected that the high bands (DCS 1800 and PCS 1900) are preferred bands for Downlink MIMO operation. Thus, DL MIMO identifies a viable candidate for enhancing data throughput in GSM/EDGE networks with limited impacts to base stations and dual antenna mobile stations. 

Table 10.1: 2x2 MIMO Throughput Gain over Single Stream MSRD: EGPRS, SCM Profiles

	 
	SCPIR 0 dB
	SCPIR 10 dB

	 
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	RA130 km/hr no FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	RA130 km/hr no FH

	Sensitivity
	32%
	33%
	2%
	12%
	11%
	-20%

	DTS-2
	27%
	37%
	7%
	15%
	18%
	-18%


Table 10.2: 2x2 MIMO Throughput Gain over Single Stream MSRD: EGPRS2-A, SCM Profiles

	 
	SCPIR 0 dB
	SCPIR 10 dB

	 
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	RA130 km/hr no FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	RA130 km/hr no FH

	Sensitivity
	17%
	12%
	-16%
	-2%
	-7%
	-20%

	DTS-2
	2%
	1%
	-24%
	-7%
	-12%
	-22%


Table 10.3: 2x2 MIMO Throughput Gain over Single Stream MSRD: EGPRS, Variable Correlation Profiles (SCPIR 0 dB)

	 
	α=0.0, β=0.0
	α=0.0, β=0.7
	α=0.3, β=0.7

	 
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH

	Sensitivity
	33%
	27%
	32%
	27%
	31%
	26%

	DTS-2
	35%
	28%
	31%
	26%
	30%
	25%


Table 10.4: 2x2 MIMO Throughput Gain over Single Stream MSRD: EGPRS2-A, Variable Correlation Profiles (SCPIR 0 dB) 

	 
	α=0.0, β=0.0
	α=0.0, β=0.7
	α=0.3, β=0.7

	 
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH
	SCM-A 

3 km/hr 

ideal FH
	TU 3 km/hr ideal FH

	Sensitivity
	22%
	12%
	20%
	13%
	19%
	11%

	DTS-2
	11%
	-3%
	7%
	-5%
	5%
	-6%


Legend:
	gains
	> 20%
	> 10%
	> 0%
	< 0%
	< -10%
	< -20%
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