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1. Introduction
At the RAN1#42bis meeting in San Diego, the text proposal of reference symbols (pilot channel) structure was agreed [1] for an inclusion in TR25.814 [2]. The text proposal [1] also mentioned the pilot channel structure of multiple antenna case. Further progress of the study on signalling channel mapping is expected to be worked out. However, we believe that the relationship of signaling channel with pilot channel needs careful considerations, in particular for the MIMO case.

This contribution addresses mapping and transmission method of SCSCH (Shared Control Signaling Channel) in multiple antennas case such as MIMO. We assume co-existence of MIMO-transmitted and non-MIMO transmitted ‘block’ (chunk or group of chunks) within one radio frame. We propose that SCSCH should include information indicating MIMO or non-MIMO transmission of the ‘block’ to the UE. Then, this contribution also proposes SCSCH mapping in relation to pilot symbol, which is a reference for demodulating the SCSCH, and allocation of them to TX antenna. By this proposed method, UE can process pilot symbols and SCSCH under the same rule for both MIMO and non-MIMO.
Note: This document is a resubmission of R1-051196 at RAN1#42bis with minor editorial update. 
2. Problems of MIMO mode indication
Evolved UTRA is considered to use MIMO and there are many contributions on pilot structure for MIMO mode [3-5]. Many companies proposed that pilot symbol pattern in MIMO mode could be different from the one in non-MIMO mode. In these proposals, UE should know MIMO or non-MIMO prior to processing pilot symbols.

There are also proposals to transmit control channel information using MIMO. There found a contradiction that MIMO/non-MIMO indication will be contained in a control channel and MIMO transmitted control channel cannot be demodulated without prior knowledge. However, there was not much discussion how UE knows about MIMO or non-MIMO usage. It can be generally assumed that some indication will be provided somewhere in the radio frame preceding the ‘block’.

The following two scenarios can be assumed for ‘block’ based switching of MIMO/non-MIMO. In both scenarios, SCSCH can be transmitted in MIMO mode and UE has known a MIMO usage prior to demodulating SCSCH. However, there seems to be some problems in these scenarios as discussed below.
1) Information at the top of radio frame indicates each ‘block’ is transmitted in MIMO or non-MIMO mode.

Radio frame must be structured to allocate the information. Because Node B has to transmit the information before the ‘block’ for UE, it might cause undesirable buffering delay at Node B. Processing load of UE to demodulate the information should be also considered.
2) UE judges by itself, for example analyzing correlation of pilot symbols located at the top of the ‘block’.
It might be possible for UE to make a judgment of MIMO or non-MIMO by analyzing correlation of pilot symbols transmitted from each antenna. But, this kind of processing would not be preferable for the UE because of processing complexity, battery consumption, robustness of the processing, and so on.
A simple idea to avoid some of the problems is a transmission of control channel information without using MIMO. But, an issue of allocation of SCSCH and pilot symbols to TX antennas still remains.

3.  Proposal
To solve the problem stated in the section 2, we propose the SCSCH mapping and allocation to TX antenna in relation to pilot symbols for MIMO ‘blocks’.
We assumed that:
· MIMO/non-MIMO control is performed ‘block’ by ‘block’ basis. Then, UE will check a MIMO usage from the information contained in SCSCH.
· SCSCH is always transmitted by non-MIMO regardless of the subsequent ‘block’ is in MIMO or non-MIMO mode.
· In MIMO case, control information is divided into multiple pieces, each of which is allocated and transmitted on an SCSCH. SCSCH is transmitted according to the allocation pattern to TX antenna. UE receives all the SCSCHs from the TX antennas and reconstruct the control information.
· Pilot symbols are allocated to each TX antenna in case of MIMO [4].
Then, we propose that:
· SCSCH is allocated at the sub-carrier close enough to the pilot symbol, and they compose a paired set.
· This SCSCH-pilot pair is transmitted from the same TX antenna, so that the reference for demodulating the SCSCH can be the pilot symbol of the pair.
· This corresponds to the UE processing rule by which SCSCH should be demodulated referring the nearest pilot symbol.

· The SCSCH contains information indicating the subsequent ‘block’ is transmitted by MIMO or non-MIMO. Then the data contained in the ‘block’ can be processed accordingly.
By the proposed scheme, the same rule for UE can be applied to non-MIMO case, in which all SCSCHs and pilot symbols are transmitted from a single antenna. Since the SCSCH is located at the top of TTI, which is also the top of the ‘block’, MIMO/non-MIMO control can be performed based on each ‘block’ without processing and/or transmission overhead.
In the following, an example of two TX antennas case is shown. Fig. 1 (c), (d) indicates the proposed ‘block’ structure in non-MIMO mode, while Fig. 1 (a), (b) indicates the ‘block’ structure in MIMO mode. In non-MIMO mode, the same information is transmitted from both antennas (i.e. transmission diversity). In this example, pilot symbols located at a lower sub-carrier position of the SCSCH is selected to be paired with the SCSCH, though two pilot symbols have the same distance in frequency domain from the SCSCH.
At the UE, the pilot symbol nearest to the SCSCH makes it possible to estimate and demodulate the SCSCH. This processing is common to both MIMO and non-MIMO cases as shown in Fig. 1 (e), (f) and UE is not necessary to know a MIMO usage prior to demodulating SCSCH.

Fig. 2 indicates the processing flow of UE in the proposed scheme.
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Fig. 1 Example of the block structure in MIMO or Non-MIMO

[image: image2.emf]Channel Estimation of SCSCH with

nearest Pilot

Demodulate and Docode SCSCH,

and get information of MIMO/non-

MIMO, UE Identity and so on

If the block is for own UE, SDCH is

demodulated using proper way  in

MIMO/non-MIMO

FINISHED

START


Fig. 2 The processing flow of UE in proposed SCSCH mapping
4. Conclusion
This contribution has proposed to transmit the pair of SCSCH and the nearest pilot symbol from the same TX antenna, under the condition in which SCSCH is always transmitted in non-MIMO mode. The proposal has included the processing rule of UE to demodulate the SCSCH referring the nearest pilot symbols. The method of indicating MIMO/non-MIMO by the SCSCH in this proposal is straight-forward since SCSCH is located at the top of every TTI.
The proposed scheme makes the ‘block’ based MIMO/non-MIMO switching easy and SCSCH processing in MIMO and non-MIMO mode common. The proposal can resolve problems of MIMO mode indication and realize adaptive and flexible switching of MIMO/non-MIMO. The proposed scheme in this contribution is quite beneficial for complexity, battery saving, etc. in UE side as well as avoiding buffering delay in Node B side.
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