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Motivation for new SID on 
Downlink MIMO for GERAN 
1. INTRODUCTION
TSG GERAN has studied the concept of MIMO for Downlink for Release 13. The Technical Report has been presented for information to GERAN#70 [1].
This contribution provides background on this study carried out in TSG GERAN and the motivation for continuing the study in TSG RAN.
2. MOTIVATION in TSG GERAN
The work in TSG GERAN was motivated by the observation that the continuous increase of the smart phone market provides market opportunities for legacy EDGE networks to improve throughput and spectrum efficiency beyond what has been introduced in EGPRS (Rel-99) and EGPRS2-A (Rel-7).
In particular 2x2 MIMO on DL has been focussed in the study due to the fact that base stations in EDGE networks are often configured with two transmit antennas to support air combining or transmit diversity and the fact that HSPA/LTE enabled smart phone devices come with two receive antennas, which is a valuable radio asset that should be fully utilised. Thus 2x2 MIMO for downlink provides an interesting prospect because it neither puts too high requirements on LTE enabled smart devices nor on legacy EDGE networks. 
In the study the performance of the 2x2 spatial multiplexing mode was compared against the diversity mode 1x2 with 1 TX and 2 Rx antennas, see figures 1 and 2.
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Figure 1: 2x2 MIMO Transmission in Spatial Multiplexing Mode 
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(a)                        
(b)
Figure 2: Single Stream Transmission in Diversity Mode 
with (a) Transmit Diversity, (b) Receive Diversity

3. DEvelopment of TECHnical Report 
TR 45.871 v1.0.1 contains the report for the study item ‘MIMO for Downlink’ for Release 14 carried out in 3GPP GERAN. In this study, introduction of 2x2 MIMO on DL is investigated in order to improve throughput and spectrum efficiency in legacy EDGE networks due to the rapid increase of smart phone devices with LTE support. These devices have two receive antennas, which is a valuable radio asset that 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, is 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. Mode and Link Adaptation procedures were already presented and discussed in TSG GERAN.

4. PERFORMANCE 

Performane 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 of [1]), channel with variable correlation), and is captured in the performance summary (section 8.6 of [1]). This is replicated in Tables 1a to 1d 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. 
Table 1a: 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 1b: 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 1c: 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 1d: 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%


5. REMAINING MATTERs

In order to finalize the Technical Report, following items need further investigation:

- Mode and Link Adaptation: 
An initial study on MIMO mode detection and mode adaptation was presented in [3], which contains the simulated performance of DL MIMO transmission mode detection at the mobile receiver and DL transmission mode adaptation by the network. For the receiver type used in the simulation, occurrences of erroneous detection of transmission mode are limited to scenarios with very low Es/No or C/I levels where information bits are not correctly decoded anyway. Thus, there has been no loss in throughput performance compared with the ideal detection.

For mode adaptation, the initial study considered estimated channel correlation as the feedback metric. Based on the obtained results further optimisation of the estimation technique was deemed necessary. Moreover, the Tx and Rx antenna correlation seems greatly affected by the propagation channel’s time variation. Previous study in [4] has shown that the change of correlation over time has an impact on link adaptation performance in MIMO for EGPRS/EGPRS2. Therefore, it is likely to affect mode adaptation too. The average correlation estimated over one RLC block period might not reflect the correlation experienced in the next RLC block period. In case of packet data channels, this is more problematic due to the absence of continuously transmitted RLC blocks between measurement reports.

It is also important to see if any of the existing information sent by the MS can be useful for mode adaptation. Then it should be checked if further modification in terms of frequency of the reported information or size of information is needed.

- Signalling (MS Capability Signalling, Mode Adaptation): 
It remains to be studied how a MIMO capable MS can signal its MIMO capabilities (e.g. level of support in terms of MIMO modes and modulation types) to the network. It is also important to study if the existing signalling is sufficient to support the network in performing mode adaptation when necessary and if not, what additional signalling should be introduced. 
-
Compatibility Analysis: 
It is necessary to investigate the impact of MIMO channel to speech and data performance while priority is given to avoid negative impact to legacy speech service. Impact of the new interference type on legacy channels could be investigated by link level simulation. Investigation is needed to assess the hardware impact due to the introduction of MIMO for Downlink to the base station and mobile station, assuming the mobile station already supports diversity antenna reception.
- Study Item Conclusion.
6. CONCLUSION

The sourcing companies propose to approve the companion study item [2] in TSG RAN to complete the remaining aspects as listed in section 5. 
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