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1. Introduction

In the last RAN1 meeting held in Riga the necessity of synchronized RACH was discussed. The discussion is related to the resource request (RR) for uplink transmission when the UE uplink is time synchronized by the Node B. Two basic principles for the UL RR are synchronized RACH (contention based) and dedicated scheduling request (non-contention based).  The companies were requested to present detailed procedures for both schemes before making decision whether to support contention based or non-contention based RR. In this paper we compare different CDM based multiplexing schemes for the non-contention based approach. The corresponding schemes for synchronous RACH are presented in [1]. The system comparison of two approaches is presented in [2].
With UL resource request the multiplexing capacity is an important issue impacting not only on the system overhead caused by the UL RR but also on the delay performance experienced by the end user. Thereby we consider combinations of block-spreading and sequence modulation as proposed in [3]. Our view is that the size of time-frequency resource reserved for the dedicated resource request should be at least 1 PRB (>180 kHz). One criterion for multiplexing design is that both UL RR 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 [8].
Delay requirement for the UL resource request is quite high. Thus we assume that the error probability of UL resource request must be of the order of 10-2 in practical system. It should be noted that that adaptive re-transmissions cannot be used with time critical resource request. We think that slot based frequency hopping is needed as a key mechanism to provide frequency diversity for UL resource request. We also think that due to coverage reasons the UL resource request should span over the whole TTI.  
2.   What should be signalled with dedicated resource request?
One issue to be solved with UL resource request is that what should be signalled? It has been decided that with the contention based approach (i.e., synchronous RACH) there are 24 information bits per user to be carried [7]. Majority of these bits consist of UE-ID and CRC and only very few bits can be used for the actual UE buffer status reporting. With dedicated scheduling request we assume that one can cope with only a single information bit. Of course, the larger is the number of carried bits the smaller is the number of UEs that can be multiplexed into a given frequency and time resource.
Another question related to the UL RR signalling is that if only the positive resource request should be signalled and nothing in case that the UE is not requesting the UL resource. Another approach would be that both positive and negative RRs are signalled. There are couple of issues that should be taken into account when deciding the signalling format:
· The amount of interference to be generated to the network is much smaller if only the positive RRs are signalled. The signalling scheme impacts also on the UE battery life.

· Detection performance is better when both positive and negative RRs are signalled (there is no need for threshold detector). Some additional complexity at the Node B side may be needed if only positive RRs are signalled.
· Periodic RR can be used as a reference signal for UL power control and timing control. The additional “reference signal” is not continuously available if only positive RR is signalled.
· Multiplexing capacity with non-coherent method [8] is double compared to the case where both positive and negative RR are signalled (no difference in multiplexing capability with the coherent approach, see more details in Chapter 3).

3. Number of multiplexed RRs 

We assume that multiplexing of UL dedicated resource request between multiple UEs is based on two CDM techniques, block-level spreading and cyclic shifts of CAZAC codes [8]. 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. Each CAZAC code provides several sequences when different cyclic shifts are used. The different cyclic shifts are almost completely orthogonal if the length of cyclic shift is larger than delay spread of radio channel. For example, with an assumption of 5 us delay spread in the radio channel 6 orthogonal cyclic shifts inside one long block (LB) can be used. Correspondingly if the delay spread is smaller than 2.5us, then 12 orthogonal cyclic shifts are available.
The multiplexing capacity of dedicated RR depends on many issues (besides the SF of block-level spreading and the number of cyclic shifts):
· Detection scheme (with or w/o additional reference signal)
· Signaling scheme:
· Number of information bits

· Positive RR only or positive/negative RR
The following table summarizes the multiplexing capability of dedicated RR with coherent and non-coherent approaches. [8]. The calculations have been made assuming that the dedicated RR consists of only a single information bit. 
Table 1. Multiplexing capability (number of UEs/TTI/ZC sequence)
[image: image1.emf] 

Multiplexing scheme

#1, coherent #2, non-coherent

SF=4 (data) SF=7

SF=3 (pilot)

Positive RR Positive and Positive RR Positive and

only Negative RR only Negative RR

# of cyclic shifts per 180 kHz 6 18 18 42 21

12 36 36 84 42


Results of Table 1 show that with the given assumptions one can support 42-84 simultaneous users with one PRU and TTI length of 1 ms. These numbers assume non-coherent reception at the Node B and the signaling scheme where only positive RR is transmitted. The multiplexing capability is halved in case that both positive and negative RR are signaled. This is due to the fact that a separate code resource must be reserved for both signaling messages. 

It is noted that the multiplexing capacity of coherent approach is limited by the number of pilot codes. However, with the coherent approach there is no degradation in multiplexing capacity due to the fact that both positive and negative RRs are signaled. Actually, using the coherent approach each code channel can convey 1-3 bits without any degradation on the multiplexing capacity [3]. 
Results show that assuming practical system overhead caused by the UL resource request (e.g., 1 PRU=180 kHz) and reasonable delay between two consecutive RR opportunities (e.g., 5 ms) one can serve at maximum 210-420 simultaneous UEs that are time synchronized with the Node B. More conservative number using coherent approach (with a separate RS for all UEs) and delay spread of TU channel (6 cyclic shifts per CAZAC code) enables multiplexing capacity of 90 UEs.  
4. Conclusions 

In this contribution we have presented different CDM based multiplexing schemes for dedicated resource request. Results show that assuming practical system overhead caused by the UL resource request (e.g., 1 PRU=180 kHz) and reasonable delay between two consecutive RR opportunities (e.g., 5 ms) it is possible serve up to 210-420 simultaneous UEs that are time synchronized with the Node B. 
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