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1 Introduction
This paper studies the transmission frequency and contention probability of non-synchronised RACH, assuming a representative traffic model. Furthermore, the occasions where the UE can detect contention and retry the non-synchronised RACH during the C-plane activation procedure, are identified. The paper draws a conclusion whether an exlusive contention resolution message, as have been proposed in [3], is dispensable.
2 Discussion
2.1
Non-synchronised RACH traffic model
 Table 1 describes the representative (busy hour) traffic model for non-synchronised RACH transmissions. Moderate amount of tracking area update signalling is assumed, as SA2 agreeded to consider some solution to avoid excessive tracking area update signalling [1].
Table 1: An example traffic model that the non-synchronised RACHs are transmitted in busy hour
	Transmission cause
	Number of attempts

	Initial access
	Tracking area update
	6 times / hour

	
	Number of realtime service calls
	1 call / hour

	
	Number of non-realtime service calls
	2 calls / hour

	Handover complete

Cell change interval is assumed to be 20 s.
	Realtime service

The holding time is assumed to be 90 s.
	4.5 times / call

(= 90 / 20)

	
	Non-realtime service

The sojourn time is assumed to be 300 s.
	15 times / call

(= 300 / 20)

	UL scheduling requests
	Realtime service

Persistent resource allocation is assumed, hence causing no UL scheduling request.
	0 time / call

	
	Non-realtime service

One UL scheduling request is assumed to be sent per packet call in the ETSI Web Browsing model shown in Figure 1.
	4 times / call
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Figure 1: ETSI Web Browsing Model (Average number of packet calls in a packet session is 5).
2.2 Amount of non-synchronised RACH attempts
Assuming the traffic model of Table 1, the number of non-synchronised RACH attempts is derived as in Figure 2. The horizontal axis represents the number of camped UEs in a cell, and the vertical axis is the number of non-synchronised RACH attempts per second per cell. The blue solid line shows the number of non-synchronised RACH attempts corresponding to the traffic model described above, and the magenta dashed line corresponds to the case where the amount of non-realtime service call attempts are increased from 2 to 6 times / hour, with everything else the same as Table 1.
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Figure 2: Number of the non-synchronised RACH attempts

 From Figure 2, the number of non-synchronised RACH attempts per second is 30, if the number of camped UEs in a cell is assumed to be 2,000.
2.3 Collision probability
 The collision probability of non-synchronised RACH was given in [2]. Assuming a simple Poisson distribution for non-synchronized RACH attempts, the collision probability per one signature sequence transmission, Pcollision_sign, is given by,
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where  is the average number of non-synchronized RACH attempts per second,
NT is the number of time slots per second,
the transmission interval between time slots is 10 ms,

the length of time slot is 0.5 ms,

NF is the number of frequency blocks per time slot (1 for 5 MHz),

Nsign is the number of preamble sequences.
Furthermore, the probability that at least one collision happens within a time slot, Pcollision_slot, is given by,
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Figure 3 shows the collision probability per time slot, Pcollision_slot, as a function of . Here, the value of NF x Nsign is parameterized. 
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Figure 3: Collision probability per time slot

From Figure 3, the collision probability is 7.0x10-4 if the assumed traffic model is used and the number of preamble signatures is 64 and the collision probability is sufficiently low. On the other hand, the probability that a collision happens in particular time slot that a UE is transmitting is also important. This probability was given in [4] and 5.0x10-3 in the same assumption. Since the collision probability is low, a simple contention resolution method is most preferable.
2.4 Detecting contention
 Figure 4 shows the timing when contentions can be detected and the UE can retry the access burst procedure.
1. UE#1 and UE#2 transmit an access burst using signature #1, simultaneously.
2. Detecting an access burst carrying signature #1, the eNB responds with signature #1 and a C-RNTI.
3. UE#1 and UE#2 transmit a connection request with the limited number of HARQ such as once after receiving the access burst response which includes signature #1. Because HARQ could improve packet error rate by the magnitude of 10-2 (e.g., packet error rate of 10-3) if packet error rate of the initial transmission is 10-1.
4. The eNB responds with an HARQ Ack having succeeded decoding the connection request from UE#1 if the received power from UE#1 is higher than that of UE#2 due to the near-far effect (this effect may become large in LTE). If decoding fails after HARQ retransmissions, both UE#1 and UE#2 will retry the access burst procedure. This is the 1st case of contention detection.
5. The eNB sends a connection setup message after sending the HARQ Ack for the connection request.
6. Both UEs send an HARQ Ack or Nack after receiving the connection setup. If decoding of the connection setup succeeds, UE#2 can detect contention by finding that its global ID is not included in the connection setup message. Then UE#2 can retry the access burst procedure. This is the 2nd case of contention detection.
7. It is assumed that the eNB detects an HARQ Nack unless both UEs have sent an HARQ Ack. The eNB retransmits the connection setup if the eNB detects an HARQ Nack.
8. If decoding of the retransmitted connection setup succeeds, UE#2 can detect contention by reading the signalled global ID. Then UE#2 can retry the access burst procedure. UE#2 can also retry if decoding fails after HARQ retransmissions, hence resolving contention. This is the 3rd case of contention detection.
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Figure 4: Timings of contention detection in C-plane activation procedure.
 As shown in Figure 4, UEs can detect contention and retry the access burst procedure upon cases 1 to 3, without defining an exclusive resolution message. If a resolution message [3] is used, UEs can detect contention at an earlier stage, however, expensing increased processing load at the eNB. Despite such expense, the gain by using a resolution message is merely one HARQ RTT (2.5 ms), if HARQ retransmission is limited to once. Therefore, such a resolution message is dispensable.
3 Conclusions
This paper studied the transmission frequency and contention probability of non-synchronised RACH, assuming a representative traffic model. Since the contention probability was discovered to be sufficiently low, contention should be resolved preferably in a simple way, without auxiliary efforts. In fact UEs can detect contention and retry even with the basic slender C-plane activation procedure using HARQ. As such, an exclusive resolution message is dispensable.
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