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1
Introduction

A key target of short call setup time has been a major drive for LTE system design. From RAN perspective, a shorter TTI of 1 msec and relocation of RRC to eNB were agreed aiming to achieve much shorter call setup delay than UTRAN system. During previous RAN2 meeting in Sorrento, the framework of initial access procedure has been agreed where UE and eNB exchanges four messages before establishing a RRC connection. In this contribution, we consider the delay aspects of the agreed four step handshake in order to identify any possibility of excessive delay during the initial access procedure.
2
Discussion
From the total access delay point of view, the following issues can be identified in agreed four step handshake procedures: 
· the RACH interval: this is related to the time between UE initiated call setup and the first RACH opportunity is available. RACH interval should consider the impact on the uplink overhead since the resource allocation is large coarse, i.e. 1.25 MHz is the basic allocation unit. If we allows 1 access opportunity per every 5 msec, the uplink overhead due to RACH reservation would be equivalent to 20% or 5% for the case of 5 MHz system bandwidth (4 or 1 RACH chunk respectively).  

· The RACH power ramping period: due to the nature of open power control, it is obvious that the received power at enhanced node B cannot be guaranteed for the detection level always and hence RAN1 agreed to have power ramping procedure as similar to R99 WCDMA RACH. Then the total ramping period is equal to the multiple of RACH interval, that is for example N x 5 msec. 
· Time to respond to RACH: When RACH access was detected by eNB, it will respond with a uplink grant and C-RNTI allocation (together with possibly the initial timing adjustment). The response time would highly dependent on the eNB implementation but it can be assumed that eNB can respond before next RACH interval with reasonable probability. 

· MSG3 and MSG4: The time need to complete both MSG3 and MSG4 are highly implementation dependent in general, however it is reasonable to assume that the scheduler will prioritize the MSG3 and MSG4 over other data packet transmissions in order to achieve a fast IDLE to ACTIVE transition time. Also there is HARQ combining gain for both MSG3 and MSG4 so that it is reasonable to assume that most of transmission can be completed within 1st retransmission with a good probability.
· RACH collision: When more than one UE transmitting at a same TTI and using a same RACH signature, the collision occurs which can be then resolved finally by MSG4 with the signalled permanent UE ID. From access delay point of view, the delay of winning UE would not be affected unless its HARQ operation is being affected by other UE (note that there are proposals to relax this interfered HARQ operation as well). The access delay of loosing UE is then combination of initial access failure and the random back off factor.
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Figure 1. RACH retransmission and LTE call setup delay
Among the factors listed above, we see that there is need of special care for the RACH power ramping period compared to other factors because

· RACH power ramping period is multiplicity of RACH interval and the RACH interval itself cannot be set as short value due to uplink resource overhead consideration. For example, we can even set much smaller RACH interval like 3 msec, which then results in the uplink overhead of 33.3% or 8% for the case of 5MHz system bandwidth (4 or 1 RACH chunk respectively).

· Unlike MSG3 or MSG4, there is no HARQ again during RACH power ramping. In this sense, it is difficult to assume that the ramping would be completed within, e.g., 1 retransmission like MSG3 and MSG4. 

· Due to the consideration of inter-cell interference, it would be possible the serving eNB to set relatively low initial power level (i.e. smaller open loop power offset). This conservative behaviour is beneficial from system wise perspective but it would increase the power ramping period as a natural consequence.
· RACH collision probability would be much lower than the probability of RACH power ramping being more than one interval. It is because the fact that RACH power ramping would occur even there is no contention due to low access load. In other words, delay due to RACH power ramping is due to un-predictable channel condition which is much more probable than the simultaneous UE accessing using the same signature and time.
In order to tackle the impact of power ramping period on the over-all call setup time delay, we could consider the following approaches
· Fast interference level control 

· eNB is broadcasting the real-time interference level so that UE can set a high open loop power offset level than the interference level is low. Problem of this approach is the need for UE reading time of latest real-time interference level before accessing the cell which would increase the call setup time. Also the BCH resource will be required to continuously transmit the real-time information.

· Slow open loop power control 

· eNB control the open loop power offset rather slow manner based on some statistics available at its hand. One could be the average (or 95% etc) power ramping period of users within the cell of interest over certain period of time interval. When eNB detects the average statistic of ramping period shows a longer ramping period than desired one, it could re-adjust the power offset to reduce the over-all call setup time delay. 
Comparing these two approaches, we see the fast interference level control less attractive than slow open loop power control because of the experiences and lessons from call-setup improvement of R6 WCDMA system. To support the slow open loop power control feature in enhanced node B in more automatic manner, it would be needed some UE reporting of power ramping period during its access to eNB. Detail of these reporting is still open but it is desirable if the whole procedure can be done without a tedious manual setting of cell based on field fine-tuning but rather automatic tuning by the enhanced node B.
3
Conclusions

In this contribution, we have reviewed the issue of LTE call setup especially focused on which factor or step would be dominant one over others. We noticed that the RACH power ramping period is the step which requires some special treatment than other steps in initial access procedure. We then considered two solutions that can shorten the power ramping period and preferred the slow open loop power control to fast interference level control. As a conclusion, it is proposed to discuss and agree on the following proposed text:
· Instead of fast interference level control as per R99, slow open loop power control scheme should be adopted for LTE. 

· eNB shall be able to collect the statistics of RACH access delay in order to automatically re-adjust of RACH related parameters in self-adaptive manner.
