
3GPP TSG RAN WG1 #36 

R1-040195


Málaga, Spain
February 16-20, 2004


Agenda Item:
10.2, Downlink transmission schemes with more than 2 TX antennas

Source: 
Alcatel
Title: 
Fast Beam Selection in Soft Handover


Abstract

A macro-diversity solution coherent with soft handover (SHO) for the downlink transmission of DCHs with fast beam selection (R1-030739) is presented.

1. Introduction

In this contribution, we consider the UTRA/FDD beamforming mode using a “grid of fixed beams” [1].

During RAN1#33 meeting, we presented Fast Beam Selection Transmission (FBST) [2] as a possible performance improvement for the beamforming mode using a grid of fixed beams. With FBST, UE selects a best beam among a set of candidate beams to be used for downlink transmission, based on measurements of the S-CPICH signals of the candidate beams. To inform Node B about the selected beam, a beam identifier for the best beam is transmitted by UE within the FBI bits of the uplink DPCCH, similar as with Rel’99/4/5 SSDT signalling. Identifiers for the candidate beams are assigned by RNC, and signalled to Node B and UE by means of higher layer signalling.

The description of the FBST scheme as given in [2] covers the case in which the active set comprises a single cell. In this contribution, we present a possible solution to apply FBST in the macro-diversity case where a UE communicates with more than one cell, i.e., for active set sizes >1. The presented solution is coherent with the Rel’99/4/5 SHO scheme for DCHs. 

It should be noted that Rel’99/4/5 macro-diversity solutions for DCHs include two power control algorithms SHO and SSDT [3]. The scheme presented in this document is coherent with SHO, but similarly macro-diversity schemes coherent with SSDT can be designed. In either macro-diversity scheme, SHO or SSDT, control information on downlink DPCCH is transmitted in every cell of the active set in order to control the Tx power used by the UE for uplink DPCH.

2. Fast Beam Selection in SHO

In this section, a possible solution to perform FBST with DCHs in SHO is presented.

Basic assumptions: Let N  (N ( 1) denote the number of cells in the active set. We assume that in cell n (n = 1, 2, ..., N) of the active set, a number of Mn (Mn ( 1) fixed beams is used for downlink transmission, i.e. there are M = M1 + M2+ ...+ MN fixed beams available in the active set.

We assume that the UE simultaneously receives data on DPDCH and control information on DPCCH on N radio links (RLs), each of these RLs being transmitted in a different cell. A beam shall be used for the transmission of a RL in a cell, i.e. the UE simultaneously receives data and control information on N beams. 

Note that the term ‘beam’ shall apply also to transmission over a whole cell (i.e. Mn = 1). In this case, also P-CPICH shall be applicable for FBST measurements performed by the UE.

We assume that a S-CPICH or P-CPICH is assigned per beam, P-CPICH being used in case of transmission over the whole cell (Mn = 1).

Assignment of beam identifiers: RNC shall be able to assign a beam identifier (BID) to a beam available in the active set. The assignment shall be done in a way to enable:

· unique identification of a beam in the active set,

· identification of the cell to which a beam belongs.

Provision of candidate beams to UE: A set of candidate beams shall be signalled to the UE by means of higher layer signalling. For each cell n (n = 1, 2, ..., N) in the active set, RNC shall signal at least one candidate beam to the UE.

The signalling to define a candidate beam shall include a beam identifier for the candidate beam, scrambling & channelisation codes of the P/S-CPICH assigned to the candidate beam, and the RL parameters to be used for transmission with the candidate beam.

The set of candidate beams may comprise all M beams available in the active set, or it may be a suitable subset of the set of all beams in the active set. Such a subset could be assigned e.g. by utilizing geographical information about the beam pointing directions.

Provision of candidate beams to Node Bs: By means of higher layer signalling, the set of candidate beams assigned to the UE is also signalled to the Node Bs in the active set. This is done in a way that a Node B in the active set is signalled only the subset of candidate beams that is provided by that Node B. 

UE measurements: UE shall perform a measurement for every beam in the set of candidate beams in order to quantify the transmission quality per candidate beam. Such a measurement shall be based on the P/S-CPICH transmitted per beam, and measured shall be e.g the signal strength Received Signal Code Power (RSCP) of P/S-CPICH. This measurement process shall be repeated e.g. periodically. Useful measurement periods for beamforming may be on the order of e.g. 100ms (10 frames). The measurements may be configurable by RNC to a certain degree.

Example: N = 3 cells, each using a grid of 4 fixed beams ( (12 P/S-CPICHs to be measured. This example illustrates that for network operation it may be useful to limit the active set size to small numbers of N, or to limit the number of candidate beams assigned by RNC. 

Beam reporting by UE: For each cell n (n = 1, 2, ..., N) in the active set, UE shall signal a beam identifier on uplink DPCCH (e.g. using the FBI S-field (1 or 2 bit/slot) of Rel’99/4/5 DPCCH), this identifier indicating the best beam for downlink transmission in cell n. The best beam of cell n shall be called the ‘primary beam of cell n’. The beam identifiers shall be encoded in a way to provide robustness against transmission errors, e.g. using a block code similar as for the cell identifiers with Rel’99/4/5 SSDT. This signalling process shall be repeated e.g. periodically. 

Example: N = 3, 8 bit BID, 1 bit/slot on UL DPCCH ( 24 slots (16ms) signalling delay. Such delays appear acceptable for beamforming, where measurement periods on the order of 100ms appear useful. These delays compare with signalling delays on the order of one to several seconds in case of higher layer signalling via RNC, as currently envisaged in Rel5/6 (i.e. about factor (60 reduction in signalling delay). 

Downlink transmission by Node B: Each cell n (n = 1, 2, ..., N) in the active set shall detect the uplink DPCCH transmitted by the UE, and shall identify the primary beam for downlink transmission in cell n, as reported by the UE to cell n. At a predefined time after reception of the uplink signalling message from UE that defines a beam m as the primary beam of cell n, Node B shall start to transmit data (DPDCH) and control information (DPCCH) in the primary beam m of cell n, and in no other beam of cell n. In this way, data and control information are transmitted in N beams at a time, one beam in each cell of the active set. 

Signal detection by UE: UE shall simultaneously receive N RLs transmitted in N different beams and use coherent combining of the receive signals to obtain reliable estimates of the transmitted channel bits. UE shall be aware of the beam transition timing and shall select the phase references and other transmission parameters accordingly (e.g. a phase reference and other transmission parameters could be updated at a predefined time after transmission of the respective BID).

Downlink Power Control by UE: The UE shall further send a power control command to the cells of the active set in order to control the downlink transmit power for the different RLs. This shall be done similarly as in case of Rel’99/4/5 SHO (i.e. SIR estimates shall be computed based on the pilot parts of the DPCCHs of the primary beams of the cells in the active set).

Uplink: In the uplink, the DCH transmitted by the UE is received in all the cells of the active set, as with Rel’99/4/5 SHO.

Example: A possible scenario when FBST is applied for transmission of DCH in SHO is illustrated in Figure 1. In this example, the active set comprises three cells (n = 1, 2, 3), and two fixed beams are used for downlink transmission in each cell of the active set. Each of these six candidate beams is assigned a S-CPICH. The UE has selected a primary beam in each cell of the active set (grey shading shall indicate these primary beams). The primary beams are used for the transmission of data on DPDCH and control information on DPCCH. In the non-primary beams, the UE receives neither DPDCH nor DPCCH.
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Figure 1: Illustration of macro-diversity scenario coherent with SHO for the transmission of DCHs with fast beam selection.

3. Summary and Conclusions

We showed that the Fast Beam Selection Transmission (FBST) scheme presented during RAN1#33 as a possible performance improvement for the UTRA/FDD beamforming mode using a “grid of fixed beams” can be extended for macro-diversity transmission of DCHs. Macro-diversity solutions coherent with Rel’99/4/5 SHO or SSDT can be designed. In this contribution, a solution coherent with SHO for the transmission of DCHs with  FBST was presented.

In the presented SHO solution, UE selects a primary beam in each cell of the active set to be used for downlink transmission, based on measurements of the P/S-CPICH signals of the candidate beams. To inform Node B about the selected beams, beam identifiers for the primary beams are transmitted by UE within the FBI bits of the uplink DPCCH, similar as with Rel’99/4/5 SSDT signalling. Identifiers for the candidate beams are assigned by RNC, and signalled to Node B and UE by means of higher layer signalling. 
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