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1 Introduction

In RAN1#47bis, it was agreed as working assumption that 

· Non-contention based scheduling request mechanism is used for synchronized users, when the UE does not have data transmission.
· Providing contention-based scheduling request based on non-synchronized RACH is RAN2 decision, depending on when or how C-RNTI is allocated to the UE.

The agreed scheduling procedure is shown in Figure 1. Actual content of message 3 is to be decided by RAN2.
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Figure 1: Scheduling procedure for synchronized UEs.
In RAN1 #48, many proposals were discussed for Scheduling Request (SR) Indicator transmission. There are 3 approaches presented so far: 
1. Use reserved codeword from DL CQI feedback channel [1]
2. CDM using dynamically scheduled time-frequency resource [2]

3. Preamble based approach in dedicated time-frequency resource such as wideband pilot [3]
The following considerations need to be taken into account before making decisions:
1. Based on peak-hour load analysis, the number of LTE_ACTIVE UEs can be 800 to 1300 in 10 MHz bandwidth [4].
2. SR indicator is beneficial for latency sensitive traffic such as voice or gaming. Potentially, large number of voice users need to be supported. System-level simulation results presented in RAN1 show that it is possible to support 200-300 VoIP users per cell for 5 MHz bandwidth and 800-1200 per cell for 20 MHz bandwidth.
3. From link-budget perspective, transmission of ACK/NAK requires 1 ms in time to satisfy the cell edge coverage requirements [5]. 
We recognize that reserving codeword from DL CQI feedback channel is feasible, when the UE has CQI feedback. However, CQI feedback may not be used for all UEs, or the feedback cycle can be long, as pointed out in [2]. In this case, Scheduling Request Indicator transmission over dedicated time-frequency resource is needed. From link-budget perspective, wideband pilot approach is not suitable for cell edge UEs.
We propose an alternative preamble based transmission scheme, when dedicated time-frequency resource is available. The proposed scheme is similar to non-coherent ACK/NAK transmission method presented earlier [6, 7]. Details of detection performance and coverage analysis are shown in [7].
2 Physical Channel Structure
Figure 1 shows the time-frequency allocation for Scheduling Request Indicator transmission. We assume transmission over 2 slots in time and 1 RB in frequency, with frequency hopping at the slot boundary, as was already agreed for non data-associated control signalling. The required time-frequency resource can be allocated semi-statically or dynamically depending on number of users.
Two channel structures are shown in Figure 2. 
Scheme 1: Length-12 CAZAC sequence in a LB repeated over all LBs and RS block in a slot. 
Scheme 2: CAZAC sequence of length (Nx12) mapped to all LBs and the RS block in a slot. 
In both schemes, the sequence is repeated over two slots in a subframe. Truncated Zadoff-Chu sequence or cyclic extension of the Zadoff-Chu sequence may be used to generate a length Nx12 sequence. 

As an example, a length 13 Zadoff-Chu sequence may be used for Scheme 1. For Scheme 2 with N=7, Zadoff-Chu sequences of length 87 may be used. Alternatively, truncated Zadoff-Chu sequence may be used. Orthogonal sequences are generated by cyclic shift of a root Zadoff-Chu sequence. The number of orthogonal sequences for the two schemes is as follows:

Scheme 1: 12 orthognal sequences generated by cyclic shift by one


Scheme 2: 84 orthogonal sequences generated by cyclic shift by one
Clearly, Scheme 2 offers larger number of sequences, allowing multiplexing of larger number of users in the same time-frequency region.
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Figure 1: Time-frequency allocation for Scheduling Request Indicator transmission.
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Figure 2: Mapping of Zadoff-Chu sequence (a) Scheme 1: Zadoff-Chu sequence of length L=12 repeated N times (b) Scheme 2: Long Zadoff-Chu sequence without repetition. (L=12 is the number of subcarriers in a RB and N is the number of OFDM symbols used for Scheduling Request Indicator transmission. N=7).
3 Summary

We proposed a transmission scheme for Scheduling Request Indicator over dedicated time-frequency resource. 

· The proposed transmission scheme can be used either as a complement of the CQI feedback based transmission scheme. Alternatively, the proposed scheme can be used for all UEs for Scheduling Request Indicator transmission. 
· The required time-frequency resource can be configured semi-statically or dynamically, depending on the number of UEs with C-RNTI allocation.
· We prefer Scheme 2 as the user multiplexing scheme, since it supports larger number of users and better detection performance.
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