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Downlink MIMO - RLC/MAC Protocol Aspects
INTRODUCTION

As part of the study item on downlink MIMO, opened in GERAN#57 [1], this paper presents changes to some aspects of the RLC/MAC protocol due to introduction of DL MIMO. The paper is written as a direct input to sections 7.5 and 7.6 of the MIMO for Downlink draft TR Error! Reference source not found. using the present section numbering.
PROPOSAL
This document presented changes to some aspects of the RLC/MAC protocol in order to support DL MIMO. This is an update of GP-130984 and the updated texts are highlighted in yellow and deleted texts are striken through. We propose to include these items into the Draft TR on MIMO for Downlink [2].
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3
Definitions 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].

3.3
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].)

BMD
Blind Modulation Detection

DAS
Downlink level A modulation and coding scheme
DLDC
Downlink Dual Carrier

DLMC
Downlink Multicarrier
MCS
Modulation and coding scheme

MSRD
Mobile Station Receive Diversity

NSR
Normal Symbol Rate

SINR
Signal to Interference and Noise Ratio

TSC
Training Sequence Code

USF
Uplink State Flag

4
Objectives

The objective of the study is to investigate the feasibility of single user MIMO in the downlink for PS data services including EGPRS and EGPRS2-A.  

For MIMO support, two operational modes are foreseen: 

a) spatial multiplexing mode based on dual stream 2x2 MIMO and 

b) single stream diversity mode based on either MSRD or Tx diversity in combination with MSRD. 

In general, the study item re-uses as much as possible existing functionality in GERAN and existing spatial channel models and principles used for UTRAN and E-UTRAN. Different aspects of MIMO, as outlined in MIMO study item proposal [2], are studied based on the following performance and compatibility objectives.
4.1
Performance Objectives

The introduction of MIMO for downlink shall significantly improve data throughput performance as compared to realistic EGPRS and EGPRS2-A performance. The performance of MIMO shall be evaluated over the SINR range relevant in GERAN networks.

4.2
Compatibility Objectives

The impact of MIMO for downlink on GSM speech codecs, GPRS, EGPRS and EGPRS2 shall be kept at a minimum. There should be no negative impact due to the introduction of MIMO to the base station and mobile station, assuming the mobile station already supports diversity antenna reception.

Any technique that requires changes to MCS design for GSM/EDGE are not part of the study.

5
Overview of 2x2 MIMO System

5.1
Spatial multiplexing mode (dual stream)

In this mode, two different encoded bit-streams with orthogonal training sequences are modulated and transmitted simultaneously through two different antennas to the same mobile having two receiving antennas. In this ‘dual stream transmission mode’, there are in effect 4 different propagation paths. When the spatial correlation between the propagation paths is sufficiently low, it should be possible for MIMO receiver to estimate the propagation paths (a minimum SINR might be needed to estimate the propagation paths with sufficient accuracy) and to jointly or iteratively detect each of the two streams. When the above conditions are met, the throughput is maximised by transmitting independent data streams from both transmitters. Henceforth this is referred to as spatial multiplexing mode.
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Figure 5.1 2x2 MIMO Transmission in Spatial Multiplexing Mode

5.2
Diversity mode (single stream)

When the spatial correlation between the propagation paths is insufficient to support spatial multiplexing, a single bit-stream with legacy training sequence is modulated and transmitted either through two antennas or single antenna. It should be possible for the receiver to benefit from transmit diversity (Figure 5.2a) and/or receive diversity (Figure 5.2b). Henceforth this is referred to as diversity mode. A popular transmit diversity scheme is Delay Diversity, whereby the second transmit path is delayed relative to the first to create an artificial propagation path that can be exploited by a conventional equalizer. If an MS with dual receiver architecture experiences significant blocking in one of its receivers, it can still benefit from single antenna reception if network switches to transmit diversity mode.
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(a)



(b)

Figure 5.2 Single Stream Transmission in Diversity Mode. (a) Transmit Diversity, (b) Receive Diversity

6
MIMO Channel Model

To obtain a realistic evaluation of the performance of MIMO receiver, the channel model will need to consider the correlation between the propagation channels (e.g. due to the spatial proximity of the antennas or due to the orientation of the polarization of the antennas).

6.1
MSRD Antenna Correlation Model

In [3] Annex N, a Single-Input-Multiple-Output (SIMO) model has been defined (depicted in Figure 7.1) which is based on a magnitude of complex correlation parameter ρ and an antenna gain imbalance G. To use the model in the performance evaluation, the model would need to be extended to a MIMO system comprising independent paths for a second transmit antenna and with realistic spatial correlation values for the transmit antennas and the receive antennas (two values of ρ are given in the MSRD performance requirements, but these only loosely correspond to best and worse case values).
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Figure 7.1 Single-Input-Multiple-Output channel model for MS Receiver Diversity.

6.2
SCM model

[Editor’s note: This section will treat modifications of SCM models used in 3GPP TR25.814.]

6.3
Channel model with variable correlation

[Editor’s note: This section will treat the definition of channel models that can have variable correlation between paths and adjustable gain imbalance.]

7
Concepts

7.1
Training sequences

When estimating the channel taps of the four spatial propagation channels (depicted in Figure 5.1), it would be advantageous if the training sequences assumed orthogonal properties.

Already, orthogonal training sequences were introduced in Rel-9 for VAMOS. These training sequences, referred to as TSC Set 2, were optimised to give low cross-correlation when used pair-wise with the legacy training sequence set, which has been referred to as TSC Set 1 (Table 5.2.3a and Table 5.2.3b in 45.002).

While both TSC Set 1 and TSC Set 2 are binary, TSC Set 1 has been modified for use with 8-PSK and higher order modulations by mapping each binary value of GMSK bit-mapping to each of the constellation points of the respective modulation scheme (see Normal burst for 8-PSK, 16-QAM and 32-QAM in 45.002 Section 5.2.3).

Hence, a straight-forward procedure to obtain an orthogonal set for 8-PSK and higher order modulations is to apply the same antipodal mapping for TSC Set 2.

7.2
Modulations

[Editor’s note: This section will analyse modulation options in spatial multiplexing mode, impact of mixed modulations, blind modulation detection, and impact of SCPIR.]

7.3
Mode Adaptation

 [Editor’s note: This section will treat use cases of different modes, mode adaptation strategy and blind mode detection.]

7.4

Link Adaptation

[Editor’s note: This section will treat how the link adaptation can be done in both streams in spatial multiplexing mode. The study will check if the existing procedure for DLDC can be reused and differences identified.] 
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7.5
Other RLC/MAC Protocol Aspects
7.5.1
Multi-slot Class

It is assumed that an MS supporting DL MIMO supports dual stream transmission on all assigned timeslots of a DL TBF wherein the maximum number of timeslots supported for DL MIMO is indicated by the multislot class as defined in TS 45.002 Annex B [5] unless restricted by the DL MIMO multislot reduction parameter as described below.

A DL MIMO capable MS may need a multislot capability reduction to support the MS to reduce the baseband processing load as the DL MIMO receiver would be more complex than a legacy MS receiver. This is taken into account by a new DL MIMO multislot capability reduction parameter, e.g. signalled by the MS to the network (see section 7.6.1). In this case, the network will reduce the timeslot assignment for the MS in DL MIMO configuration in accordance with the signalled multislot class and multislot capability reduction parameter. The details of the encoding of the multislot capability reduction parameter are left for the specification phase.
It is left for further study to find out how multislot capability reduction signalling can be designed if a DL MIMO capable MS also supports DLDC or DLMC.
7.5.2
TBF Establishment

If the network and mobile station both support DL MIMO, the network may send a packet assignment message or a PS HANDOVER COMMAND message to a mobile station indicating support for DL MIMO configuration. The configuration can be changed via a subsequent packet assignment message. There will be a new IE in the assignment message indicating an assignment type of 'MIMO assignment'.

The same timeslot (PDCH) assignment is used for both spatial streams in spatial multiplexing mode. Both streams belong to the same TBF. Block sequence numbers for both streams belong to the same RLC engine. 

In order to avoid added complexity, multiple TBF mode shall not to be supported with DL MIMO configuration.
7.5.3
TBF Operation

A MIMO capable MS in DL MIMO configuration is able to receive both dual stream and single stream transmission mode. using blind mode detection (there is no signalling needed to tell the MS which mode is used). Single stream mode can be used occasionally in DL MIMO configuration due to radio conditions, or when a legacy MS is allocated the same timeslot. Whether the MIMO capable MS detects the transmission mode blindly or it needs signalling from the network about the used transmission mode is left for further study. It has been demonstrated in  [7.5-1] that even if the MIMO capable MS always operates its receiver in spatial multiplexing mode, the overall performance loss due to occasional false detection of spatial multiplexing mode while the network actually used single stream mode is negligible. Continuous operation of te receiver in spatial multiplexing mode, however, will lead to additional power consumption as the complexity of the MIMO receiver for spatial multiplexing mode is higher than that of the receiver for a dedicated single stream transmission mode. 
Different coding schemes and modulations can be used on the two streams in spatial multiplexing mode.

For Downlink MIMO configurations TBFs shall operate in EGPRS TBF mode (DL MIMO supports also EGPRS2-A which uses EGPRS TBF mode).

In dual stream transmission, any control message is sent on either stream (control messages are as defined in 3GPP TS 44.060 [6]). All segments belonging to each RLC/MAC control message shall be sent on the same stream.
In dual stream transmission the same USF is sent on both streams. However, if different modulations are used in two streams, the encoded USF bits in the air interface are different. The mobile transmits in the next RLC block period(s) according to the signalled USF granularity if the decoded USF is targeted to itself. Whether the granting of UL transmission to a MIMO capable MS requires the MS to decode USF successfully in any one of the two streams or in both the streams is for further study.
7.5.4
Multiplexing of legacy MSs (USF, PAN)

The multiplexing of a MIMO capable MS in DL MIMO configuration on the same timeslot as a legacy mobile, with the USF/PAN intended for the legacy MS, can be achieved with either a temporary transmission of a single stream or dual stream transmission. 

In single stream mode, both the MIMO mobile (to which the RLC data is addressed) and the legacy mobile (that needs to decode the USF or PAN field) will benefit from the Tx diversity if single stream Tx diversity mode is used and the MIMO mobile will benefit also from the Rx diversity – possibly enabling the use of a higher MCS even at cell edge.
When using spatial multiplexing mode, a large SCPIR is typically needed to be used. This is explained in detail in [7.5-2]. Based on the analysis given in [7.5-2], it can be deduced that the network will have to decide carefully when to use this mechanism because spatial multiplexing mode may have negative impact on USF/PAN decoding performance in some type of legacy MS. The network should also ensure that there is performance benefit to the MIMO MS by applying spatial multiplexing mode with a large SCPIR instead of applying single stream transmission.
7.5.5
References

[7.5-1] GP-130668, “Blind detection for MIMO”, source Telefon AB LM Ericsson, ST-Ericsson SA, GERAN#59.

[7.5-2] GP-130470, “On multiplexing with legacy services in MIMO”, source Telefon AB LM Ericsson, ST-Ericsson SA, GERAN#58.
7.6
Signalling

7.6.1
MS Capability Signalling

A MIMO capable MS signals its MIMO capabilities to the network in the MS Radio Access Capabilities IE (TS 24.008). MS also needs to signal if, in MIMO configuration, it supports EGPRS only, or EGPRS and EGPRS2-A. 

In addition, the MS needs to indicate its multislot capability and possible multislot capability reduction for DL MIMO (see 7.5.1 for multislot capability reduction).
7.6.2
Mode Adaptation Signalling

[Editor’s note: This section will treat the benefit of signalling supported mode adaptation.]
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