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1. Introduction

In the last RAN1 meeting held in Riga the necessity of synchronized RACH was discussed. The discussion was 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).  This paper discusses the differences between the two approaches and investigates their feasibility for the LTE system.

2. Comparison of contention based and non-contention based resource requests

Contention based approach:

An assumption is to have 24 information bits per user to be carried with synchronized RACH message as mentioned in LS [1] sent to WG2 at the RAN WG1 #45 meeting. [2] presents one physical layer multiplexing scheme for synchronous RACH using the existing slot structure. The considered scheme with an allocation of a single physical resource unit (PRU) provides 4 parallel RACH opportunities in 180 kHz band. Each resource is capable to convey the required 24 information bits using QPSK modulation, effective coding rate of ½ and TTI length of 1 ms.
Non-contention based approach:
[3] presents detailed multiplexing schemes for dedicated resource request. One advantage of non-contention based approach is that the UE ID does not need to be transmitted. This reduces the size of the RR significantly compared to the size of the synchronous RACH message. Assuming that the dedicated UL resource request consists of a single information bit only we can support up to 42-84 simultaneous users with one PRU and TTI length of 1 ms [3]. 

Next, we will analyse the capacity of contention based resource request. We assume that the system overhead caused by the UL resource request equals to a single PRU. This allocation provides 4 parallel RACH opportunities per TTI. Figure 1 shows the collision probability as a function of RACH intensity for the given resource allocation. The collision probability must be low enough to provide sufficient delay performance for the contention based service. We assume that the collision probability must be of the order of 10-2 in practical system [4]. Figure 1 shows that the considered resource allocation supports on the average 0.04 RACH attempts/TTI with collision probability of 10-2. Figure 2 shows the average RACH intensity per user with the collision probability of 10-2. 

As mentioned the dedicated resource request can support up to 42-84 simultaneous users with the same the system overhead [3]. These capacity figures correspond to RACH activity of 0.96/s – 0.48/s using the contention based approach. These numbers indicate that when the resource request occurs more often than once in 1.0 - 2.1 seconds then the non-contention based approach is more efficient than the contention based approach. These mean separation values of RRs are naturally proportional to the allowed delay i.e. the mean separation of the PRU’s reserved for RACH or dedicated resources of given group of UEs. The values here assume a PRU per 1 ms while for instance in Ref. [4] the corresponding values are given for a PRU per 10 ms. 
It can be quite difficult to guarantee sufficient coverage for 24 bits using synchronous RACH approach as discussed in [2] whereas, the link budget for transmission of a single bit required by dedicated resource request is not such a problem. In that sense the previous analysis is favouring contention based approach.
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3. Discussion

As discussed in [5] in order to maintain the delay budget with the contention based approach the load should be kept relatively low. Thereby the number of RACH opportunities should scale with the load. This will lead to the increased system overhead since the RR load cannot be predicted accurately. With the dedicated resource request approach the delay is well predictable and it does not depend too much on the RR load.

Analysis carried out in the previous chapter indicates that non-contention based approach is better suited for UL RR than synchronous RACH especially when the activity for resource request is high (> 1 Hz ). The same conclusion was drawn also in [4]. We note that there are services like VoIP where the need for dedicated resource request is obvious due to the high activity. Also, we must assume that there are UEs in the RRC connected state (they have CRNTI) but whose timing is not kept synchronized because their activity is low. These UEs need to use non-synchronous RACH for resource request. Besides these two groups there are UE's whose activity is so low that scheduled system is not reasonable but whose activity is high enough that their timing should be kept valid. We think in such case it is natural to specify that either UE's timing advance is kept valid and a resource has been scheduled for RRs or timing advance is not kept and non-synch RACH is used for resource requests. In other words, we do not see any needs to specify multiple contention-based solutions optimized for low activity case (i.e., non-synchronous RACH and synchronous RACH).

4. Conclusions

In this contribution we have compared contention based and non-contention based approaches for the UL resource request. We propose that the UL RR should be based on non-contention based approach. 
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Figure � SEQ Figure \* ARABIC �1�. Collision probability as a function of RACH intensity.








Figure � SEQ Figure \* ARABIC �2�. Allowed RACH activity as a function of number of users.








