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Introduction

At last RAN plenary  #12 there was a discussion about the usage of UE speciffic beamforming with dedicated pilots and it was identified the need to check the status of the RAN specifications related to this issue. 

This document proposes an overview of the specification on the usage of dedicated pilots related to beamforming.

In the WG1 specification there are specified three possible ways to send pilot information to the UE for channel estimation:

- dedicated pilots: dedicated pilot bits are sen in the DPCCH of the dedicated channel; the number of bits is defined in the slot format; the usage of beam forming for the dedicated pilots is allowed

- common pilot information sent on the Primary CPICH (P-CPICH) which is broadcast in the whole cell; beam forming is not allowed on the P-CPICH

- common pilot information sent on the Secondary CPICH (S-CPICH) is handled by the UE as the P-CPICH; the major difference between P-CPICH and S-CPICH beeing that the S-CPICH is not  broadcast in the entire cell.

RAN2 status

In the RRC specification the support for beamforming is configured by using the IEs "Primary CPICH usage for channel estimation" and "Secondary CPICH info". These IEs are included in the IE "Downlink DPCH info for each RL" so basically the information can be set on each RL during any RB control procedure, Active set update procedure or Cell update procedure.

The UE action on reception of these IEs is described in the following (extract from RRC):

8.6.6.12
Secondary CPICH info

If the IE Secondary CPICH info is included, the UE:

-
may use the channelisation code according to IE "channelisation code", with scrambling code according to IE "DL scrambling code" in the IE "Secondary CPICH info", for channel estimation of that radio link;

-
may use the pilot bits on DPCCH for channel estimation.

8.6.6.13
Primary CPICH usage for channel estimation

If the IE "Primary CPICH usage for channel estimation" is included and has the value "Primary CPICH may be used" the UE:

-
may use the Primary CPICH for channel estimation;

-
may use the pilot bits on DPCCH for channel estimation.

If the IE "Primary CPICH usage for channel estimation" is included and has the value "Primary CPICH shall not be used" the UE:

-
shall not use the Primary CPICH for channel estimation;

-
may use the Secondary CPICH for channel estimation;

-
may use the pilot bits on DPCCH for channel estimation.

Related to these aspects here are some comments:

- there is no related info in the UE Access Capabilities indicating the support of any of these functionalities

- from the signalling point of view, the UE may use in all cases the dedicated pilots even if it is instructed to use the P-CPICH or the S-CPICH is present

- the only way to configure that the DPCCH is used for channel estimation is to set the "Primary CPICH usage for channel estimation" to "Primary CPICH shall not be used"  and do not transmit the S-CPICH

It shall be noted also that the IEs "Primary CPICH usage for channel estimation" and "Secondary CPICH info" are also part of the IE "S-CCPCH info" (i.e. System information broadcast) but the S-CPICH info is present only for S-CCPCH not carrying PCH.

RAN1 status

In RAN WG1 specifications, 25.211 there are a number of DL slot formats for DPCH which all include dedicated pilot bits. Depending on the spreading factor used for the connection any of these slot formats may be used. The S-CPICH is also described and it is indicated that it may be transmitted in part of the cell only

Related to the usage of either dedicated pilot bits or S-CPICH for channel estimation, 25.211 contains the following table

Table 16: Application of phase references on downlink physical channel types
"X" – can be applied, "–" – not applied

Physical channel type
 Primary-CPICH
Secondary-CPICH
Dedicated pilot

P-CCPCH
X
–
–

SCH
X
–
–

S-CCPCH
X
–
–

DPCH
X
X
X

PICH
X
–
–

PDSCH*
X 
X
X 

AICH
X 
–
–

CSICH
X 
–
–

This table shows that for release 99 only DPCH and associated PDSCH(s) may be transmitted using beamforming i.e. for these channels the UE may use either dedicated pilot bits or S-CPICH as a phase reference.

The following remarks can be made

-
no beamforming specific UTRAN measurements are specified either for dedicated pilots bits or S-CPICH in release 99/release 4.. For S-CPICH there is a need to introduce such measurements. In the frame work of the radio link performance enhancement work item for release 5, RAN1 is working on defining such measurements. Nothing has been done so far in RAN1 regarding measurements for a dedicated pilot approach of beamforming.

-
physical layer synchronisation procedures in 25.214 describe the UE/ node B behaviour when a radio link is added (whether it is the first one or not) or reconfigured. Nothing is specified for the case when the phase reference for the UE is changed i.e. when it goes from dedicated/S-CPICH to P-CPICH or vice versa. For all other cases, it is described in the layer 1 specifications whether procedure A (initial establishment, inter-system/inter-frequecy/ intra-frequency hard handover) or procedure B (active set update) or none of them (no specific synchronisation action is required)..

RAN4 status

From the performance specification point-of-view, to be able to operate beamforming there is a need to make sure that the UE is able to demodulate the data using either dedicated pilot bits or S-CPICH as a phase reference.

For demodulation using dedicated pilot bits there are no performance requirements in 25.101 for release 99/ release 4. However work has started for the definition of such performance requirements in the frame work of release 5.

For demodulation using S-CPICH there are performance requirements in 25.101 for multipath fading propagation conditions.

Performance requirements are also needed in relation to what has been indicated for RAN1 i.e. UE behaviour when the phase reference changes.

From the radio resource management perspective, some accuracy requirements are needed for the measurements which will be defined by RAN1 to support beamforming as well as performance requirements for handover between node Bs which support beamforming and node Bs which do not support beamforming.

The release 99/release 4 performance requirements do not ensure that beamforming can be used based on dedicated pilot bits for channel estimation.

Conclusion and way forward

In this paper, we have listed what is already in the release 99/release 4 specifications and what is missing regarding the support of dedicated pilot bits/S-CPICH as phase reference.

No performance requirements exist for the use of dedicated pilots in the current specifications, and there is no guarantee that the UEs will be able to use it for demodulation. It was therefore concluded in RAN Plenary that the use of dedicated pilots is introduced as a UE capability in release 99, and made mandatory in release 5. It is proposed that the necessary protocol support for dedicated pilots as a UE capability in release 99 is added, and that performance requirements for demodulation using these pilot bits as a phase reference are introduced in RAN4 specification for release 5 with the assumption that UEs from release 99 which indicate that they support the use of dedicated pilot bits for channel estimation comply to the performance requirements defined by RAN4 in release 5 (alternatively, these performance requirements could be included in release 99 RAN4 specifications).

As far as S-CPICH is concerned since there are performance requirements already in release 99/release 4, it can already be used as a solution for beamforming.

References

[1] 3GPP TS25.331 v3.7.0, RRC protocol specification

[2] R2-000393
Proposed CR209 to 25.331 on usage of pilot bits, Ericsson

[3] R2-002372
Proposed CR636 to 25.331 on usage of S-CPICH and secondary scrambling code, Nokia

[4] 3GPP TS25.211 v3.7.0, physical channels and mapping of transport channels onto physical channels (FDD)

[5] 3GPP TS 25.214 v3.7.0, physical layer procedures (FDD).

[6] 3GPP TS 25.101 v3.7.0, UE radio transmission and reception (FDD)

