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1. Introduction

The discussion in this paper is related to the multiplexing capacity of scheduling request (SR) for uplink transmission to be used when the UE uplink is time synchronized by the Node B. In the Sorrento meeting we presented a mechanism for dedicated scheduling request scheme. In this paper we analyse the multiplexing capability of the presented CDM based multiplexing scheme. 
With UL scheduling request the multiplexing capacity is an important issue impacting not only on the system overhead caused by the UL SR but also on the delay performance experienced by the end user. Thereby we consider combinations of block-spreading and sequence modulation as proposed in [1]. One criterion for multiplexing design is that both UL SR and L1/L2 control signaling in the absence of UL data (ACK/NACK and CQI) can be multiplexed into the same physical resource. This is possible in case that both signalling schemes are designed in such a way that block-level spreading and cyclic shifts are utilized with the same principles. The considered multiplexing schemes are presented in [1]. 
Delay requirement for the UL scheduling request is quite high. Thus we assume that the error probability of UL scheduling request must be of the order of 1-5 %  in practical system. It should be noted that that adaptive re-transmissions cannot be used with time critical scheduling request. We think that slot based frequency hopping is needed as a key mechanism to provide frequency diversity for UL scheduling request. We also think that due to coverage reasons the UL scheduling request should span over the whole TTI.  
2.  Performance evaluation
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. In evaluation we used code domain in such way that half of the available code resources are used inside and between long blocks. Thus, the total number of resources is 36 per resource block. The used resource allocation is shown in Table 1. The colored resources are used for SR transmission.  The unused (uncolored) code-resources are used for interference measurement in such way that threshold was set 5 dB above the measured power of unused code channels.
Table 1 Available CDM resources using CAZAC codes inside and outside data blocks.
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inside data block 1 2 3 4 5 6

1 0 12 24 36 48 60

2 1 13 25 37 49 61

3 2 14 26 38 50 62

4 3 15 27 39 51 63

5 4 16 28 40 52 64

6 5 17 29 41 53 65

7 6 18 30 42 54 66

8 7 19 31 43 55 67

9 8 20 32 44 56 68

10 9 21 33 45 57 69

11 10 22 34 46 58 70

12 11 23 35 47 59 71


We emphasize that different schemes should be evaluated under practical load (number of simultaneous UEs >> 1). The simulation was carried out assuming varying load from 0 to 0.5 reflecting the number of UE’s having positive SR transmission.   For example load of 0.5 indicates that there are 18 simultaneous SR signals per TTI. Only the positive SR signals are considered.  The slow power control compensating distance depend pathloss and shadowing is assumed in simulations.
The probability of missed detection is shown in Figure 1 and the probability of false alarm is shown Figure 2.  Since the detection threshold is set according to measured interference level, the false alarm probability does not negatively depend on load. 
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Figure 1 Probability of misdetection, TU channel, 36 out of 72 resources in use.
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Figure 2 Probability of false alarm, TU channel, 36 out of 72 resources in use.

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 scheme provides sufficient coverage and reasonable false alarm performance also with high SR load. 
3. Conclusions 

In this contribution we have presented the performance results regarding to CDM based multiplexing schemes for dedicated scheduling request. Results show that assuming practical system overhead caused by the UL scheduling request (e.g., 4% in 5 MHz BW) and reasonable delay between two consecutive SR opportunities (e.g., 10 ms) it is possible serve as many as 360 simultaneous UEs that are time synchronized with the Node B. 
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