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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document details the output of the 3GPP study item on UL MU-MIMO [2]. It is intended to gather information in order to draw a conclusion on the UL MU-MIMO technology based on the link level and system level evaluations.
The following items are covered in this document:
· Objectives for the study.
· Concept description.
· Performance evaluations.
· Complexity analysis.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
GP-131131, “New Study Item on UL MU-MIMO (update of GP-131107)”, source Huawei Technologies Co., Ltd., Vodafone Group, China Mobile Com. Corporation, MediaTek Inc., ZTE Corporation, Telecom Italia S.p.A., GERAN #60.
[3]
GP-121248, “MIMO Concept for EGPRS (revision of GP-121019)”, source Nokia Siemens Networks, GERAN #56.
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:
Nt
Number of transmitting antennas.
Nr
Number of receiving antennas.
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

JD
Joint Detection

MCS
Modulation and coding scheme
MU-MIMO
Multi-User MIMO

PS
Packet switched

SIC
Successive Interference Cancellation
TSC
Training Sequence Code
UL
Uplink

USF
Uplink State Flag
4
Objectives

4.1
Performance Objectives

The introduction of UL MU-MIMO should significantly increase the number of uplink connections that can be served by the PS domain in GSM networks. The performance should be evaluated in scenarios including refarming of GSM frequencies to other radio access technologies, and the emergence of MTC services over mobile radio networks.

4.2
Compatibility Objectives

The introduction of UL MU-MIMO should
· Avoid any drawback, negative impact, limitation for any legacy service on both the uplink and the downlink.
· Avoid any hardware impact to the base station.
· Minimize any hardware impact to the mobile station whilst impact on battery life should be avoided.
· Be compatible with legacy mobile stations, i.e. a mobile station supporting UL MU-MIMO should be able to be multiplexed with a legacy mobile station.
5
Concept Description

5.1
Overview of UL MU-MIMO
UL MU-MIMO allows more than one MS, each configured with a single transmit antenna, to transmit data on the same radio block period of the same uplink packet data channel. The signals are restored at the BTS which is equipped with multiple receiving antennas and a SIC or JD receiver. The spatial multiplexing occurs in a dynamic manner on a per radio block period basis, organized by the BTS by means of uplink scheduling.

With this configuration, the chances to access the limited radio resource are increased. At system level, this could be translated to the increase of the number of users served by the network for a given period of time, or the increase of scheduling opportunities for a fixed number of users assigned the same radio resource.
Only 2x2 (see Figure 5.1-1) and 2x4 (see Figure 5.1-2) UL MU-MIMO transmissions are considered in this study. To allow the BTS to efficiently separate the two spatial streams at each receiving antenna, the training sequences used by the two MSs for uplink transmission should possess as good orthogonal properties as possible.
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Figure 5.1-1: 2x2 UL MU-MIMO transmission
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Figure 5.1-2: 2x4 UL MU-MIMO transmission
5.2
Training Sequences
For GMSK modulation the same TSC pairing scheme for VAMOS can be used. For 8-PSK modulation, as suggested in [3] for downlink SU-MIMO, an antipodal mapping of TSC Set 2 can be applied to obtain a new set of training sequences orthogonal to the one used for EGPRS today.

As observed in the MUROS study, pairing of training sequences in TSC Set 1 is also possible, at least for GMSK/GMSK modulation combination.

5.3
Pairing Schemes
5.3.1
Asymmetric TSC Assignment
5.3.1.1

Concept Description

The idea is to allow an MS (called a supporting MS) to be assigned distinct TSCs for downlink reception and uplink transmission. This creates the opportunity to pair two MSs in the uplink with different (preferably mutually orthogonal) TSCs while maintaining backwards-compatibility in the downlink.

Both MSs in the pair can use a GMSK modulator, in which case the same SIC or JD receiver designed for VAMOS can be fully reused in the BTS (possibly with some minor software modifications to adapt it to the PS domain). Support for 8-PSK/8-PSK and GMSK/8-PSK modulation combinations is also possible with an enhanced and more complex MIMO receiver.
The BTS shall employ blind MIMO mode detection to discriminate the following cases:

-
Neither of the MSs in the pair transmits a radio block.
-
Only one MS in the pair transmits a radio block.
-
Both MSs in the pair transmit a radio block.
5.3.1.2

Pairing Two Uplink TBFs

Two uplink TBFs can be paired by means of “USF sharing”: a USF value is assigned to both MS1 and MS2. Whenever the shared USF appears in a downlink radio block, the two MSs can transmit a radio block in the uplink with TSC1 and TSC2, respectively, constituting a UL MU-MIMO transmission.

Unlike in VAMOS, “paring” in the PS domain is a much looser concept which can operate on a per radio block period basis. Suppose MS1 is assigned USF1 and TSC1 (for both downlink reception and uplink transmission), MS2 is assigned USF1, USF2, TSC1 (for downlink reception) and TSC2 (for uplink transmission), and a third MS, MS3, is assigned USF2 and TSC1 (for both downlink reception and uplink transmission). The network can pair MS1 and MS2 by transmitting a downlink radio block containing USF1 in some radio block periods, and pair MS2 and MS3 by transmitting a downlink radio block containing USF2 in some other radio block periods, as illustrated in Figure 5.3.1-1. To support such a flexible pairing scheme, a supporting MS like MS2 should be able to monitor multiple USFs on the downlink packet data channel. On the other hand, whether and when to pair which two MSs is totally under network control, and is transparent to any affected MS.
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Figure 5.3.1-1: Pairing radio blocks from uplink TBF pairs
In case a supporting MS has no data to transmit when being scheduled by a shared USF, it may be beneficial to prohibit the MS from transmitting any dummy control block in order to avoid unnecessary uplink interference to the paired MS.
5.3.1.3

Pairing One Downlink TBF and One Uplink TBF

Pairing can also be done for one downlink TBF and one uplink TBF, as shown in Figure 5.3.1-2. The network first polls one MS (i.e. MS1) via RRBP in radio block period N, commanding it to transmit a radio block in radio block period N+3, and then schedules another MS (i.e. MS2) by transmitting a downlink radio block containing the USF intended for that MS in radio block period N+2.
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Figure 5.3.1-2: Pairing radio blocks from one downlink TBF and one uplink TBF


5.4
Support for Legacy MS
Editor’s note: to be added

5.5
Enhancements of TA Update Procedure
Editor’s note: to be added

6
Common Working Assumptions
6.1
Link Level Simulations
The following link level parameters are to be used as base line for the evaluation.
Table 6.1-1:  Link level simulation assumptions

	Parameter
	Value
	Comment

	Antenna configuration (Nt x Nr)
	MIMO: 2 x 2, 2 x 4

Reference: 1 x 2, 1 x 4
	

	MCS supported in spatial multiplexing mode
	CS-1, MCS-1 to MCS-9
	

	MCS combination in spatial multiplexing mode
	Same and mixed modulations
	

	Training sequence
	Stream 1: TSC 5 from TSC Set 1 Stream 2: TSC 5 from TSC Set 2
	

	Antenna correlation
	See subclause 6.5.3.
	

	Frequency band
	900 MHz, 1800 MHz
	

	Interference profile
	Sensitivity, VUTS-1, VUTS-3
	The interferers are 8PSK modulated.

	Channel propagation
	TBD
	

	SCPIR
	-10 dB to 10 dB
	SCPIR = 
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	Backoff
	3.2 dB for 8PSK
	For sensitivity scenarios only

	Blind modulation detection
	Enabled
	BMD should be performed independently for the two streams.

	Blind MIMO mode detection
	Enabled
	

	MCS link adaptation
	TBD
	

	Time and frequency offset
	Stream 1: see configuration for VAMOS subchannel 1 defined in Annex Q.5, TS 45.005
	


6.2
Traffic Models
Editor’s note: to be added

6.3
System Level Simulations
Editor’s note: to be added

6.4
Mobile Power Consumption
Editor’s note: to be added
6.5
Channel model

6.5.1
General
The definition of the number of reported cells is 6.

The channel model consists of two parts:

a)  A delay profile for each propagation path.
b)  A correlation matrix defining the correlation between the propagation paths.

The channel model applies to both the signal and the interferer(s).
6.5.2
Delay profile
The “TUx” settings in Appendix C.3.3, 3GPP TS 45.005 are reused. The vehicle speed is assumed to be 50 km/h.

6.5.3
Correlation matrix
The two TX antennas come from two different MSs and are thus considered independent.

At the BTS side, one or two pairs of cross-polarised antennas with +/-45 degrees polarization slant angles are assumed. The definition of MIMO correlation matrices using cross polarized antennas in B.2.3A.1, TS 36.101 is adapted to the UL MU-MIMO case, i.e.
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Where

-
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 is the spatial correlation matrix at the transmitter side.
-
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 is the spatial correlation matrix at the BTS.
-
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 is a polarization correlation matrix.
-
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-
P is a permutation matrix. Each of its elements is given by 
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In the case of UL MU-MIMO,

-
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The values for parameters α and γ are given in Table B.2.3A.3-1, TS 36.101, i.e. α = 0.9, γ = 0.3.

The final correlation matrices are defined in Table 6.5.3-1 below. 
Table 6.5.3-1: UL MU-MIMO correlation matrices

	
	No correlation
	With correlation

	2x2 case 
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	2x4 case
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7
Performance Evaluation
7.1
Link Level Performance Evaluation
Editor’s note: to be added

7.2
System Level Performance Evaluation
Editor’s note: to be added

8
Conclusion
Editor’s note: to be added
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