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1. Introduction

It has been agreed in the RAN1#47bis meeting in Sorrento that non-contention based scheduling request (SR) mechanism for time synchronized users is supported. Scheduling request is used to indicate that the UE has some data to transmit towards the network side.  Our preferred multiplexing scheme for SR is presented in [1]. We consider combination of block-spreading and CAZAC sequence to send SR. In [1] we consider two different ways of generating SR: coherent multiplexing scheme and non-coherent scheme. Coherent multiplexing scheme is similar to the structure that was agreed in Malta to be used for uplink ACK/NACK transmission. However we prefer the non-coherent scheme for SR because of better multiplexing capability. Furthermore, we consider a scheme where only positive SR is transmitted (i.e., on-off keying).

Regarding to the UE velocity it has been stated in [3] that

· The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. 
· Higher mobile speed between 15 and 120 km/h should be supported with high performance.
· Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). For the physical layer parameterization E-UTRAN should be able to maintain the connection up to 350 km/h, or even up to 500 km/h depending on the frequency band.
In this contribution we investigate the performance of scheduling request in high mobility environment.
2. Orthogonal cover design
We assume that multiplexing of UL dedicated scheduling request between multiple UEs is based on two CDM techniques:  block-level spreading (between blocks) and cyclic shifts of CAZAC codes (inside blocks) [1]. The number of parallel resources depends on the spreading factor of block-level spreading and the number of cyclic shifts used under the block-level codes. 
One of the requirements for SR is that it should support high enough number of simultaneous UEs in order to keep the system overhead caused by SR small enough. In order to maximize the multiplexing capacity with CAZAC sequence modulation, spreading factor (SF) of block spreading code is maximized.  The preferred SR multiplexing scheme is presented in Figure 1. Number of parallel SR resources per slot equals to 12*7=84 in the preferred scheme.

[image: image1]
[image: image17.bmp]
Figure 1 Structure of scheduling request transmission
We note that problem caused by the SF=7 is that different cyclic shifts of the same block level code start to interfere with each other as the UE speed increases. This means that it is difficult (or even impossible) to provide sufficient performance for 360 km/h case when using SR mechanism based on on-off keying . 
This contribution provides schemes targeted to improved performance in case of high Doppler (reduced inter-code interference between different block codes).   The performance improvement is based on utilization of partial orthogonal properties of orthogonal sequences (CAZAC, Walsh-Hadamard). The partial orthogonality means that already some parts of the sequences are orthogonal resulting in improved resistance against channel changes during spreading period.   In this contribution we present two methods for generating partially orthogonal sequences:
1. Extended cover sequence 
In case of extended cover sequence the block level spreading is arranged in such that the actual SF in block domain is constrained to be an even number N (i.e., 6) even though there are N+1 symbols in the original spreading sequence (i.e., 7).  The block spreading is performed using spreading sequence of length N.
· Extended sequence of length N+1 blocks is obtained by repetition of a pre-defined block out of N spread blocks

[image: image2]
· An outcome of this arrangement is that partial orthogonal, which is a property of even-length spreading sequence, can be provided for odd number of blocks.
·   The partial ortohonality means that cyclic shifts 1:2:N  (1, 3, 5) are mutually orthogonal against each other not only over N (6) symbols but also over N/2 (3) symbols. The same applies for cyclic shifts 2:2:N (2, 4, 6).
· We note that orthogonal multiplexing over N+1 symbol has been achieved w/o degrading the amount of transmitted energy because at the receiver the repeated blocks shall be combined.
Partial orthogonality can be taken into account in the resource allocation in such a way that in high mobility case only codes which are partially orthogonal against each other are taken into use.

2. Sequence  splitting 
The partial orthogonal property can be also generated by means of sequence splitting.  The length 7 sequence can be splitted into two orthogonal sequences, e.g., length 3 ZC sequence and length 4 Hadamard sequence. The drawback is reduced multiplexing capability because it is determined by the shorter sequence. In order to maintain multiplexing capacity, additional orthogonal cover can be applied over the short orthogonal cover sequences resulting in 6 orthogonal sequences.  The additional orthogonal cover can be switched off in high Doppler conditions.  No additional signalling is needed because switching the cover off means that some of the possible cover sequences are not allocated to any UE.
                
[image: image3]
As a further option, in order to maximize flexibility of ACK/NACK and SR multiplexing and sequence reuse, the orthogonal cover sequences of SR can have equal structure with ACK/NACK. The drawback is further reduction in multiplexing capability in high Doppler environment; only 2 orthogonal cover codes can be used. 


[image: image4]
Mathematically, the sequence splitting can be presented as:
In the case of positive Scheduling request the cyclically shifted length 
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is defined as combination of two separate sequences; a cyclically shifted CAZAC sequence 
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multiplied with either 1 or -1 depending on channelization code index and a Hadamard sequence
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Block-wise spreading is done according to either Method 1 or Method 2.

Method 1:
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(Method 1)

or 
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(Method 2)

3. Performance evaluation

The probability of missed detection is shown in Figure 1. The detection threshold is set in each SNR point in such way that the false alarm probability equals to 0.1 %. The slow power control compensating distance dependent pathloss and shadowing is assumed in simulations.

The enhancements CAZAC 3+Hadamard 4 and Extended CAZAC 6 are simulated by utilizing all cyclically shifted sequences (12) inside LB and 3 partially orthogonal cover sequences resulting 36 resources. The symbol level shift hopping is used [4] enabling the use of all 12 cyclically shifted sequences inside LB.  The probability of positive scheduling request in the simulation is 0.11 indicating 4 simultaneous positive SR signals per TTI..  In reference method CAZAC 7 [2] every second cyclically shifted sequence inside LB and all orthogonal cover sequences are used resulting 42 resources.  In order to get fair comparison, the difference in number of resources between enhancements and reference is taking into account in such way that in the reference case the probability of positive scheduling request is lower, namely 0.09 indicating 4 simultaneous positive SR signals per TTI as well. 
Results show that reference scheme having length 7 cover sequences can’t meet the missed detection requirement (1%) at any SNR ratio. Thus, the enhancement is needed in order to guarantee Scheduling request performance in high Doppler environment.  
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Figure 1 Probability of missed detection, TU  360.
Results indicate that assuming 4 % overhead in 5 MHz BW from the UL scheduling request (i.e., 1 PRB corresponding to 180 kHz bandwidth allocation) and reasonable delay between two consecutive SR opportunities (e.g., 10 ms) it is possible to multiplex 360 simultaneous UEs that are time synchronized with the Node B. The proposed multiplexing schemes provide sufficient coverage and reasonable false alarm performance also with high SR load and in high Doppler environment. 
3. Conclusions 

In this contribution we have investigated the performance of scheduling request in high mobility environment.  We have shown that by utilizing length 7 orthogonal cover sequence without any restrictions it is not possible to obtain sufficient performance for 360 km/h case.  We have presented two enhancements in order to guaranteed availability of scheduling request also in high mobility environment.  The performance improvement is based on utilization of partial orthogonal properties of orthogonal cover sequences (CAZAC, Walsh-Hadamard).  The drawback of partial orthogonal sequences is reduces multiplexing capability.  The partial orthogonality can be taken into account in the resource allocation in such a way that in high mobility case only codes which are partially orthogonal against each other are taken into use. Thus, no additional signalling is needed.
We have shown two methods to generate partially orthogonal cover sequences, namely:
· Extension:  The length 7 sequence is performed from cyclic extension of length 6 ZC sequence

· Splitting: The length 7 sequence is split into two orthogonal  sequences, e.g., length 3 and length 4

The benefits of splitting is that it maximizes the multiplexing capability between ACK/NACK and  scheduling request because  same orthogonal cover sequences can be reused for both.  Also we have found that symbol based shift hopping [4] enables the use of all cyclically shifted sequences inside LB.
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