Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #48
R1-071051
St Louis, USA, February 12-16, 2007
Source: Toshiba Corporation
Title: UL Reference Signal Transmission for E-UTRA
Agenda item: 6.6.2
Document for: Discussion and Decision
1. Introduction
The current working assumption is that data associated reference signals for the E-UTRA uplink are to occupy the same bandwidth allocated for data transmission and be transmitted on two Long Blocks (LBs) per sub-frame, which are dedicated for reference signals, as illustrated in Figure 1.
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A total of 12 LBs per sub-frame may be used for data transmission. In order to allow sufficient flexibility in UL resource allocation and to facilitate Frequency Selective Scheduling (FSS) the uplink must cope with several reference signals, overlapping in the frequency domain, received synchronously from users connected to a common Node-B. This implies that reference signals be designed such that overlapping segments have low cross-correlation. 
In addition to the above requirement, reference signals must have low Peak-to-Average Power Ratio (PAPR). Due to these, in some sense contradicting requirements, UL reference signal design is a very challenging problem. In this document we review the current proposals and present our view on the issue. In addition we propose a technique to reduce the mutual interference caused by reference signal transmissions.
2. Reference Signal Construction
As the Physical Resource Block Size (PRB) has been chosen to be 12, the reference signals are constructed by modulating sequences of length 12N, where N denoted the number of PRBs allocated. The current approach, favored by many companies, is to construct UL reference signals using Zadoff-Chu (ZC) sequences [1-3]. These sequence construction methods yield families of sequences, of a given length, such that the cross correlation between any two sequences is either zero or is reasonably low. However using sequences of length 12N having low or even zero cross correlation will not necessarily improve channel estimation if 12N subcarriers span a bandwidth larger than the coherence bandwidth of the channel. Furthermore as shown in R1-070539 [4] the cross-correlation between overlapping segments of reference signals generated using ZC sequences are distributed almost identically to the cross-correlation between constant-magnitude random (phase) sequences. This implies, from the cross-correlation perspective, the ZC sequences are no better than random sequences, except in some very special cases.
We believe it is important to ensure that the PAPR of all reference signals must be lower than the average PAPR of data transmission using π/2-BPSK (which corresponds to a cubic metric of roughly 2 dB [2]).  Otherwise cell-edge performance will be unnecessarily compromised due to transmit power limitation. It seems sufficient number of sequences of length 12N for N>1 with less than 2 dB cubic metric may be derived directly from ZC sequences (i.e. without any modifications) or using any of the proposed modification techniques [1-3]. However none of the methods provide more than two length-12 base sequences with cubic metric ≤ 2 dB.
Considering the above, the possible alternatives are:
1. Use only those length-12 sequences with cubic metric less than or equal to 2 dB. For example there are two length-12 base ZC sequences (24 sequences in total, including cyclic shifts) which satisfy this property [2]. 
2. Use alternative techniques to find good length-12 sequences e.g. exhaustive search; use ZC sequences for length greater than 12, without any modifications.
3. Do not address this problem explicitly in the standardization process. Instead recommend that single PRB allocations should be avoided in conjunction with π/2-BPSK modulation.
Our preference would be to either adopt approach 1 or 2.
3. Interference Reduction

From the above discussion, it is clear that the mutual interference caused by reference signal transmission will limit the performance, and hence the spectral efficiency, of the E-UTRA uplink. For this reason it is important to consider techniques for reducing reference signal interference. We propose one such technique in this section. 
The motivation for two reference signal transmissions per sub-frame is to facilitate operation in high-mobility, where channel tracking is required within the sub-frame.  However unless a UE is moving at a high speed, it is unnecessary for it to make two reference signal transmissions per sub-frame. In most deployments, only a small fraction of terminals connected to a cell are likely to be travelling at high speeds at a given time.
Therefore by configuring slowly moving (or stationary) UEs to transmit a single reference signal per sub-frame the number of reference signals transmitted simultaneously may be reduced, thereby lowering the mutual interference they cause. A simple example of the proposed technique is illustrated in Figure 2. Here two UEs connected to a common cell are allocated the same two PRBs in different LBs of the same sub-frame. Data transmissions from the two UEs will not interfere with each other as they are separated in time. However with the current reference signalling scheme, their reference signals will cause mutual interference. Suppose the network is aware that these UEs are moving slowly. With the proposed scheme, UE #1 is configured to transmit a reference signal only in the first slot of the sub-frame while UE#2 is configured to transmit a reference signal only in the second slot. This will result in better quality channel estimates.
Through the ability of disabling one of the reference signal transmission, the network is given flexibility to effectively manage the mutual interference due to reference signal transmissions. This allows the network to improve channel estimation quality whilst responding to service requirements of individual mobile terminals e.g. high mobility.
Additional signalling is required to disable on of the reference signals. However even when this is done explicitly, only an additional 2 bits information, per resource allocation message, is required to signal the slot indices in which reference signals are to be transmitted. In addition it is possible to avoid explicit signalling by implicitly signalling this information through the sequence indices. 
We note that with this scheme the network has complete control of reference signal allocations and as such may revert back to the current scheme when required.
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Figure 2 Current and Proposed UL Reference Signal Schemes
4. Interference Randomization Through Sequence Hopping

Reference signal hopping within a 1 ms sub-frame may be useful to mitigate the effects large cross correlations between (segments of) sequences, which have a very low probability of occurrence.  From this perspective, we believe it would be beneficial to include a form of hopping (either cyclic shift of base sequence) in the case when two reference signals are transmitted by a UE in a sub-frame (see above section).
5. Support for SU-MIMO

We believe that reference signals for SU-MIMO should be constructed in the same method as for the non-MIMO case. In addition, we believe an addition method of generating sequences (i.e. using Walsh covering) is unnecessary i.e. allocating different shifts to antennas is sufficient. We are only likely to have a shortage of sequences of length 12, this situation can be pre-empted during the resource allocation process.
6. Conclusions

In this document we present our view related to current discussions on UL reference signal design. We believe that due to the non-trivial nature of the reference signal design problem, channel estimation will be the performance limiting factor in E-UTRA UL. We propose adding the flexibility to turn off one of the two reference signal transmissions per sub-frame for low-mobility users. This may be used to reduce the mutual interference caused by simultaneous reference signal transmissions within a Node B. Detailed simulations results associated the proposal will be provided in the following meeting. 
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