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On multiplexing with legacy MS in MIMO

1 Introduction

At GERAN#57, a new study item on Downlink MIMO [1] was agreed.  

One aspect that is specified in the SI study scope is multiplexing with legacy MS. It is proposed in the SI to assume temporary single stream fall-back when multiplexing a MIMO capable MS with legacy MS. 

In this paper, the possibility of multiplexing MIMO capable MS with legacy MS is discussed and evaluated when a USF is allocated to a legacy MS, while the data is allocated to a MIMO capable MS using MIMO transmission. 
2 Background
In current MIMO SI, it is stated that: 

“To support multiplexing of a MIMO capable MS with a legacy MS, temporary fall-back to a single stream shall be assumed.”
Here the legacy MS refers to any MS not capable of MIMO, and the purpose of temporary fall-back to single stream is to guarantee that the legacy MS is able to read the USF and data in a radio block allocated to it. 

Considering that MU-MIMO is not part of the current SI (from SI: “The objective of the study is to investigate the feasibility of single user MIMO in the downlink”) it is not possible to allocate data both to a legacy user and a MIMO capable MS (i.e. one stream to each user).

However, it is not clear that the single stream fall-back is the only option to guarantee USF performance for legacy MS. A legacy MS with good interference suppressing capability might be able to read the USF even when dual stream is transmitted, in which case the additional stream acts as a co-channel interference with a synchronized, paired TSC with good cross correlation properties. Such interferer could be suppressed. For other legacy MSs without enhanced interference suppression capability, there is still possibility that they can read the USF if the additional interfering stream is considerably weaker. 

Considering the potential throughput gain of transmitting with MIMO instead of single stream even with power imbalance between the streams, as shown in [2], the option of not falling back to single stream when multiplexing MIMO capable MS with legacy MS is evaluated. The evaluation focuses on finding the required power imbalance to guarantee USF performance for different legacy MS capabilities currently present in the GERAN specifications. 
3 Discussions and evaluations

 Legacy MS types

Depending on their interference suppressing capability, legacy MSs can be categorized into:

· SAIC MS 



Good at suppressing GMSK modulated interference;

· MSRD MS 


Good at suppressing any type of interference;  

· TIGHTER MS
· Non-SAIC MS

Including all the rest MSs with single antenna. 

As has been shown in [2], from a maximization of throughput point of view, if data is sent on both streams, for a MIMO capable MS there is no benefit of using modulation mix that involves GMSK modulation. Therefore in this paper the evaluations have focused on dual stream transmission where the layers are either 8PSK, 16QAM or 32QAM modulated. It should however be noted that the use of GMSK modulation will also depend on the capability of the legacy MS (for example GPRS capable MS). 
Assuming GMSK is not used, SAIC MS which is only superior in suppressing GMSK modulated interference does not have any advantage comparing with non-SAIC MS. Therefore the legacy MSs are further grouped to:

A): Limited capability of suppressing 8PSK/16QAM/32QAM modulated interference. This includes all MS with single receive antenna, i.e. non-SAIC, SAIC and TIGHTER compliant MSs.

B): Better interference suppression capability due to multiple receive antennas. This includes MSRD MSs. 

Required SCPIR

The required sub-channel power imbalance ratio (SCPIR) for guaranteeing USF performance for legacy MSs given dual stream transmission is evaluated. 

Evaluation method and simulation settings

The USF performance is evaluated with legacy EGPRS/EGPRS2 receiver, using both single-stream and dual-stream transmission. In dual stream transmission, the second stream will be experienced as a co-channel interferer. A USF false detection rate below 1% is required according to [3] for both transmission schemes. The false detection threshold has been derived for single stream transmission. The same threshold is then applied to MIMO transmission.

Simulation settings are listed in Table 1. 

Table 1: Simulation settings.
	Parameter
	Value

	MCSs
	DAS-7, DAS-9, DAS-12

	Impairments
	Typical Tx/Rx

	Channel correlations
	None

	Channel propagation
	TU50nFH

	Interference/noise
	Sensitivity, CO

	Frequency band
	900 MHz

	#frames
	50000

	Receiver
	Single antenna non-SAIC receiver, 

MSRD receiver

	SCPIR [dB]: 
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	0, 2, 4, 6, 8, 10

	Noise figure [dB]
	8


For group A MS

USF BLER performance is compared with the minimum requirements specified in [3] and the margins are summarized in Table 2 for MSs belonging to group A. Non-SAIC receiver is used. For TIGHTER compliant MS higher margins are expected. Only margins close to or larger than 0 dB are listed.

It can be seen that for legacy MS with a single receive antenna, the USF BLER requirements as specified in [3] can be met with dual-stream transmission, given a sufficiently large SCPIR.

The simulations have been carried out using different modulations in the paired stream, and it is only the performance of the worst case modulation that is shown in the table. 
Table 2: Margin [dB] to USF BLER req. in [3], for group A MS.

	Transmission scheme
	8PSK
	16QAM
	32QAM

	
	AWGN
	CO
	AWGN
	CO
	AWGN
	CO

	MIMO (SCPIR 6)
	-
	-
	0.5
	-
	1.0
	-

	MIMO (SCPIR 8)
	2.3
	0.3
	4.7 
	-
	4.8
	-1.3

	MIMO (SCPIR 10)
	4.6
	3.1
	6.5
	-0.9
	6.7
	0.1

	Non-MIMO
	7.6
	5.9
	8.7
	1.5
	9
	2.6


For group B MS

Margins to USF performance requirements specified in [3] when using group B MS are summarized in Table 3 for different transmission schemes. It can be seen that for legacy MS with dual antenna, the USF performance requirements can be met with dual-stream transmission, even when the second stream (interfering stream) is of similar strength as the first stream. The margins increase as SCPIR increases. Good margins are obtained for all evaluated scenarios.  

Table 3: Margin [dB] to USF BLER req. in [3], for group B MS.

	Transmission scheme
	8PSK
	16QAM
	32QAM

	
	AWGN
	CO
	AWGN
	CO
	AWGN
	CO

	MIMO (SCPIR 0)
	4.7
	4.5
	6.8
	1
	6.9
	1.8

	MIMO (SCPIR 2)
	6.4
	6.9
	8.3
	3.2
	8.4
	4.2

	MIMO (SCPIR 4)
	7.9
	9.8
	9.9
	5.5
	9.8
	6.7

	MIMO (SCPIR 6)
	9.4
	13
	11.2
	9.5
	11.2
	10.2

	MIMO (SCPIR 8)
	10.3
	17.5
	11.9
	14
	12
	15

	MIMO (SCPIR 10)
	11.1
	20.8
	12.4
	17
	12.6
	18

	Non-MIMO
	12.2
	24.5
	13.5
	21
	13.6
	21.5


4 Conclusions

In this discussion paper, the possibility of keeping dual-stream transmission when multiplexing a MIMO capable MS with legacy MS is discussed and evaluated. 

It has been shown that for the multiplexing scenario concerned, dual stream is still an option. Depending on legacy MS type, a power imbalance between the streams might be needed for guaranteeing the USF performance. In general, a higher SCPIR is required by MS with single antenna, while MS with dual antenna works even when the streams are with similar strength. Evaluations in this paper have focused on using 8PSK/16QAM/32QAM modulations. The case when GMSK is used in one or two of the streams is FFS.
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