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1. Introduction

This paper discusses about uplink reference signal transmission for scheduled uplink. This contribution is a resubmission of [8]. In the RAN1 meeting #46 held in Tallin, some working assumptions related to the UL reference signals were agreed. First of all, it was decided that the uplink Reference signals (RS) are based on conventional Zadoff-Chu (ZC) sequences. At the same time it was agreed that the Frequency domain scheduling is supported in UL. This indicates that distributed reference signal for channel sounding is needed. It was left for further studies whether to send the distributed RS statically or dynamically and how to multiplex them.
At the same meeting it was decided that the TTI length is 1 ms and the size of one physical resource block is 12 sub-carriers (180 kHz). The size of the physical resource block impacts also on the reference signal design. As discussed in [2], the number of CAZAC sequences depends on the length of the sequence. The number of CAZAC sequences is the number of integers relatively prime to the sequence length. Assuming that the uplink resource allocation consists of only one PRB, the length of a short block (SB) in an uplink sub-frame is only 6 symbols. This means that the number of CAZAC sequences with SB of one PRB equals to only two. One solution related to this problem is shown in [8] which proposes that the inband reference signal (RS) sequences are shortened by one symbol. This will increase the number of CAZAC sequences with SB of one PRB by 100%.
The current assumptions is that in order to minimize the interference of reference signals from other cells, different CAZAC sequences should be used in different cells. As discussed in [2] when the number of CAZAC sequences is small, the re-use planning of the sequences becomes very difficult.  We think that similarly as in [6] that, there should be a possibility for arranging mutually orthogonal uplink reference signals (i.e., using different cyclic shifts of the same CAZAC sequence) between UEs in different cells within the same Node B.
In this paper we present a small addition related to the reference signal transmission providing enhanced orthogonality between the reference signals originating from multiple cells. Another topic in this contribution is related to the reference signal transmission with frequency domain channel dependent scheduling. We have slightly modified our view related to the sounding pilot [3]. Currently we think that the sounding pilot should be transmitted using separate LBs allocated for sounding purpose. However, as discussed in [3] we think that there has to be a possibility for scheduling over non-continuous scheduling bandwidth. This means that frequency hopping of sounding RS must be enabled.
The outline of this paper is as follows: Chapter 2 presents a block-wise spreading for the current reference signals. Chapter 3 discusses about the RS needed in frequency domain channel dependent scheduling and a brief summary is given in Chapter 4. 

2. Improving the Orthogonality of the UL Reference Signals
There are two blocks reserved for pilot signal in the current sub-frame format as can be seen in Figure 1 [1]. According to the outcome of Tallinn meeting, the uplink TTI (Transmission Interval) consists of two consecutive sub-frames. Thus, the pilot resource actually consists of four consecutive SBs.

[image: image1]
Figure 1. Sub-frame format for 3GPP LTE UL.

In the proposed extension the pilot sequences are generated as a combination of existing CAZAC codes and Hadamard codes (i.e., block-wise spreading). Each resource has together with allocated CAZAC sequence an allocated Hadamard code of length four. The Hadamard codes are shown below.
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The spreading operation is performed in such way that the first SB of each TTI is multiplied by the first element of the spreading code, the second SB is multiplied by the second element of the spreading code, and so on.

It is noted that when the channel stays unchanged during the spreading period (1 TTI), then the four spreading codes are completely orthogonal after despreading. In this case, the amount of orthogonal code resources can be multiplied by factor of four (i.e., 4x2 orthogonal CAZAC sequences per physical resource block). We note that having block-wise spreading on top of CAZAC codes, the re-use planning of the sequences becomes easier since the number of codes is much higher. It is also noted that the same spreading sequences can be used also with sub-frame based frequency hopping. However, with frequency hopping, only the symbols corresponding the same frequency position can be used for de-spreading. In that case the maximum number of orthogonal codes equals to 2.  

The orthogonality properties related to the block-wise spreading must be carefully taken into account. As mentioned, the orthogonality of different spreading codes is limited by the Doppler spread of the radio channel. However, it is noted that the block-wise spreading does not bring additional requirements related to the UE speed. The coherent averaging performed by the channel estimator takes into account the UE speed in any case (coherent averaging can be done only within the channel coherence time). In practise the orthogonality properties between different code channels of block-wise spreading depends actually on the averaging length of the channel estimation filter. The best orthogonality is obtained with typical UE speeds in the region of 0-50 km/h. 

We note that there are no disadvantages related to the block-wise spreading of the pilot signals, since the spreading effects only into the sign of pilot sequences. It is noted that the orthogonality properties between the pilot signals can be improved without any degradation on the properties of the pilot signals. Furthermore, we note that the different code channels maintain their orthogonality also in case that the interfering pilot signals have different transmission bandwidth.
3. RS with Frequency domain Channel Dependent Scheduling

This section deals with the reference signal transmission in case of frequency domain channel dependent scheduling. As mentioned, we have slightly modified our view related to the sounding pilot [3]. Currently we are thinking that the sounding pilot should be transmitted using separate LBs allocated for sounding purpose. We share the view on additional LB for sounding pilot presented in [4]. The main reasons behind the additional LBs for channel sounding are
· We want to keep the system as simple (clean) as possible. Allocating the sounding pilots for separate LBs can be seen as a simple add on feature which does not impact to the other pilots. Number of combinations is much smaller with this approach.
· We don’t want to degrade the channel estimation performance when transmitting the out-band pilot. The biggest gains from frequency domain channel dependent scheduling are expected in the cell edge conditions. The channel estimation performance is critical in such environment.
· We want to maximize the number of orthogonal codes by applying block-wise spreading for the pilot symbols used for demodulation/detection, i.e., SB1 and SB2 (as discussed in Section 2). This is more complicated in case where both dedicated and shared pilots are transmitted with SB1 and SB2
Figure 1 and Figure 2 show the principle how to arrange the transmission of out-band pilot in case of frequency domain channel dependent scheduling. In each case 1 out of 12 LBs of a single TTI is used for channel sounding. This corresponds to additional overhead of 8%. In order to adjust the overhead of sounding pilot, the rate of sounding pilot should be adjustable (e.g., once per 2 ms).
The scheduling bandwidth in Figure 1 consists of a single continuous frequency band, whereas in Figure 2 the scheduling bandwidth consists of two separate frequency bands situated far away from each other. As can be seen in Figure 2 the low PAR property of SC-FDMA transmission is maintained also in the case of frequency hopping RS, since at each time instant, only adjacent  frequency bins are used for signal transmissions. As shown in [3], the performance gain of frequency domain channel dependent scheduling is maximized with minimum overhead due to the out-band pilot with frequency hopping RS. 
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Figure 1. The proposed RS transmission scheme for frequency domain channel dependent scheduling.
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Figure 2. Frequency hopping of sounding RS, two sub-bands.
With respect to the multiplexing of the reference signals of distributed RS, there are basically three approaches
· FDM

· CDM

· Combination of FDM and CDM

We note that if the multiplexing of simultaneous different bandwidth pilots is required then the combination of FDM&CDM is possibly the only way to do it. However, our view is that for the sake of simplicity either CDM or FDM should be used (i.e., multiplexing of simultaneous different bandwidth pilots should be avoided).

4. Summary

This paper discussed about the uplink reference signal transmission in E-UTRAN uplink. It is proposed that the pilot sequences should be generated as a combination of existing CAZAC codes and Hadamard codes (i.e., block-wise spreading). It was noted that using the block-wise spreading on top of CAZAC codes the orthogonality properties between the pilot signals can be improved without any degradation on the properties of the pilot signals.
With respect to the channel sounding in case of frequency domain channel dependent scheduling, we think that the sounding pilot should be transmitted using separate LBs allocated for sounding purpose. The main reason behind this selection is the simplified system. Furthermore, we think that frequency hopping RS should be supported in order to maximize the gains of frequency domain channel dependent scheduling.
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