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1. Introduction

In this document, we discuss the physical layer specification impact of HSUPA MIMO. The discussion takes the form of a text proposal for the HSUPA MIMO TR [1].
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[1] R1-111850, 3GPP TR 25.871 v0.2.0 “Uplink MIMO for HSPA (Release 11)”.
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Impact on Specifications

This section discusses the updates that are likely to be required in order to introduce HSUPA MIMO (FDD) into RAN specifications. It is assumed that a two-transport block architecture is used for rank-2 transmission, as described in section X.

11.1 Impact to 25.1xx Technical Specifications

11.1.1.
TS 25.101

TS 25.101 is the “User Equipment (UE) radio transmission and reception (FDD)” specification.

The HSUPA MIMO introduction may require a set of requirements for UE transmission with two antenna connectors, as well as requirements relating to the reception of the downlink control channels supporting HSUPA MIMO signalling.

The UE performance requirements for reception of the E-DCH related control channels are provided in Section 10 of TS 25.101. The requirements may need to be extended to support for potential modifications in the E-HICH, E-AGCH, and E-RGCH channels caused by the HSUPA MIMO introduction.

If a new channel for carrying PCI feedback is introduced then the performance requirements for this channel may be needed in Section 10.

11.1.2.
TS 25.104

TS 25.104 is the “Base Station (BS) radio transmission and reception (FDD)” specification.

Updates may be need to Section 8.11, which sets the E-DPDCH demodulation requirements, such that UL MIMO demodulation requirements are provided.

Section 8.12, setting E-DPCCH signalling detection requirements, may need to be extended to include either the modified E-DPCCH testing requirements or requirements for a combination of the E-DPCCH and S-E-DPCCH channels in the MIMO mode (if the S-E-DPCCH channel is introduced).

11.2 Impact to 25.2xx Technical Specifications 

11.2.1 TS 25.201

TS 25.201 “Physical layer - General description” provides a general high-level description of the of the WCDMA physical layer.

Modifications will be required to the document to reflect that the MIMO mode is supported by the HSUPA transmission. In particular, Section 4.2.4 (Physical layer procedures) should state that the physical layer procedures for E-DCH MIMO transmission are covered by the specification.

11.2.2 TS 25.211

TS 25.211 “Physical channels and mapping of transport channels onto physical channels (FDD)” describes the physical channels structure and the mapping between the transport and physical channels.

Since an introduction of new physical channels is assumed for HSUPA MIMO, corresponding changes will be required to TS 25.211. In particular, the S-DPCCH secondary pilot channel will be introduced, although this is likely to be defined in a compatible manner for the CL-TD feature. The S-E-DPDCH physical channel will need to be introduced.

Also, updates to E-DPCCH or a new S-E-DPCCH channel may be introduced for control information signaling for HSUPA MIMO or both for control information signaling and MIMO channel estimation. Section 5.2 of TS 25.211 should be augmented to include the information about the format of the new uplink physical channels or modifications of the existing channels. The mapping between the transport channels and the new physical channels will be needed in Section 6.1. The timing for the new physical channels will need to be specified in Section 7.

In addition, changes will be needed in the downlink physical channels to signal the control information such as the precoding transmit weight vector index (PCI), transmission rank and scheduling grants (which may be done via F-PCICH, HS-SCCH, E-AGCH, E-RGCH, and potentially new channels), H-ARQ ACK/NACK (E-HICH). These changes will need to be reflected in Sections 5 and 7 of TS 25.211 if not already introduced by UL Closed Loop Transmit Diversity.

11.2.3 TS 25.212

TS 25.212 “Multiplexing and channel coding (FDD)” describes physical layer processing from the stage the transport block arrives to the physical layer to the stage when binary data are ready for mapping to physical channels. Assuming the two TB architecture for rank-2 transmission, the processing for each TB is likely to be the same as for the legacy single TB processing and no MIMO-specific changes may be required in the E-DCH TB processing section 4.8.

With the introduction of HSUPA MIMO, the main changes will be required to the sections on coding for E-DPCCH (Section 4.9 of TS 25.212), and coding for E-AGCH (Section 4.10 of TS 25.212) that are considered in more detail below. In addition, changes may be needed for E-RGCH and E-HICH mapping rules described in Sections 4.11 and 4.12, respectively. 

Coding for E-DPCCH and/or S-E-DPCCH

The UL rank and E-TFC signalling method is FFS, however some changes are expected, namely either a new format of the existing E-DPCCH or an introduction a new L1 channel, the S-E-DPCCH is required.

Coding for E-AGCH

Changes may be required to the E-AGCH channel coding rules set by Section 4.10. so that additional information relating to the recommended rank and/or primary/secondary E-TFCI is included.

11.2.4 TS 25.213

TS 25.213 “Spreading and modulation (FDD)” defines mapping of incoming bit streams to the constellation points, spreading of mapped QAM symbols, relative power setting between the physical channels, as well as scrambling.

For HSUPA MIMO, TS 25.213 will need to be updated to include a description of the spreading and modulation procedures for new physical channels, namely S-DPCCH (unless already introduced in a forward-compatible manner by the CL TD feature), S-E-DPCCH (if introduced), and S-E-DPDCH. The definition should include the channelization code allocation for new channels, the I/Q mapping rules, the modulation scheme (BPSK, 4PAM), and the quantization tables for beta coefficients. In addition, the parameters of the existing physical channels may also be updated or extended for rank-2 transmission.
11.2.5 TS 25.214

TS 25.214 “Physical layer procedures (FDD)” defines the PHY layer procedures, including procedures related to the E-DCH operation.

Section 5 of TS 25.214 defines the power control procedures of WCDMA and will need to be updated with the introduction of HSUPA MIMO to specify relative power offsets (beta coefficient definitions) for new physical channels (S-DPCCH, S-E-DPCCH if introduced, S-E-DPDCH) and potentially modify the beta coefficients definition procedures for existing physical channels. Channel power scaling rules at maximum and minimum power limits may need to be extended.

The HSUPA MIMO procedure will need to be specified, either as an extension to Section 6B or as a new section. This should cover the codebook definition, precoding weight application to physical channels, as well as the associated signalling. The timing relationship between the reception of a PCI or rank indication and its application by the UE would need to be specified in TS 25.214.
11.2.6 TS 25.215

TS 25.215 “Physical layer - Measurements (FDD)” defines measurements to be supported by UEs and the network. The impact to this specification is FFS.

11.3 Impact to 25.3xx Technical Specifications

25.3xx series includes the Medium Access Control (MAC), Radio Link Control (RLC), Packet Data Convergence Protocol (PDCP), Radio Link Control (RLC) and Radio Resource Control (RRC) protocols. To support HSUPA MIMO, changes may be needed for TS 25.306, TS 25.319, TS 25.321, TS 25.322 and TS 25.331 specifications.

11.3.1 TS 25.306

TS 25.306 is the “UE Radio Access capabilities” specification. The HSUPA MIMO is expected to require new UE class(es), together with the related parameterization.

11.3.2 TS 25.319

TS 25.319 is the “Enhanced uplink; Overall description” specification.

Section 6 (Overall architecture of enhanced uplink DCH) will need to be updated in Subsection 6.3 (Basic physical structure) to include a description of the new uplink physical channels structure to be created with the introduction of HSUPA MIMO.

MAC changes for HSUPA MIMO (Section 7) will need to define support for parallel dual transport block transmission.

H-ARQ protocol description in Section 8 of 25.319 will need to be extended.

Section 9 (Node B controlled scheduling) will need to be updated to include information about the MIMO scheduling functions at the Node B and UE. Also the UE behaviour related to the transmission rank selection procedure will need to be specified.

11.3.3 TS 25.321

TS 25.321 is the “Medium Access Control (MAC) protocol specification” The main required changes for the MAC protocol in order to support the HSUPA MIMO mode include:

· Support for MIMO scheduling and transmission rank adaptation;

· Support for E-TFC and rank selection for the MIMO case;

· MIMO H-ARQ support at the UE and NodeB sides (including interaction of rank adaptation and H-ARQ);

· Support of multiplexing and demultiplexing of MAC PDUs in the MIMO mode;

· TB segmentation and desegmentation for the dual-TB MIMO modes;

The above changes should be primarily done by extending section 11.8.

11.3.4 TS 25.322

TS 25.322 is the “Radio Link Control (RLC) protocol specification”. Potential changes in the RLC protocol may be needed to support reordering of the PDUs originating from the MIMO transmissions.

11.3.5 TS 25.331

TS 25.331 is the “Radio Resource Control (RRC) protocol specification”. The RRC protocol will need to be extended to include the signalling relevant to the support, configuration and activation of HSUPA MIMO transmission.

11.4 Impact to 25.4xx Technical Specifications

11.4.1 TS 25.423

TS 25.423 is the “UTRAN Iur interface Radio Network Subsystem Application Part (RNSAP) signaling specification”. The RNSAP protocol will need to be extended to include the signalling relevant to the support, configuration and activation of HSUPA MIMO transmission.

11.4.2 TS 25.433

TS 25.433 is the “UTRAN Iub interface Node B Application Part (NBAP) signaling specification”. The NBAP protocol will need to be extended to include the signalling relevant to the support, configuration and activation of HSUPA MIMO transmission.
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