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1 Introduction
In previous RAN2 LTE Ad Hoc meeting in Cannes, a method for contention resolution in Non-synchronous RACH access was presented [1]. The method proposed in [1] uses “one-step” RACH procedure and the contention is resolved based on the unique global ID or cell specific ID transmitted by the UE. However, the method relies on the correct reception of the global or cell specific unique ID by the eNodeB.

In addition, the RRC connection request (L3 message) is transmitted by the UE before the contention is resolved. Hence the use of HARQ is questionable. On the other hand, L3 messages are required to be transmitted with acceptable level of protection. Therefore, the use of HARQ may be necessary in order to achieve high radio efficiency. 

In this paper, we propose a method of contention resolution that would support the use of HARQ on L3 messages and yet providing a normal shared channel operation.
2 Proposal
The proposed method is outlined in Figure 1 and it uses two level of randomisation in order to reduce the probability of UE collision. 
· First level of randomisation is performed by the random selection of preamble signature at the initial RACH access.
· Second level of randomisation is performed by allowing the UE to select a UL grant channel or a set of UL grant channels for the use of subsequent transmission after TA and UL grant is received. 
The steps involved in the proposed contention resolution scheme are as described below.
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1. The UE randomly selects a preamble and transmits the selected preamble over a selected RACH channel. At the same time, Timer 1 is turned on. By transmitting the selected preamble over the selected RACH channel, the UE has effectively selected a C-RNTI from a reserved set of C-RNTIs and conveyed it to eNodeB implicitly. The UL grant channels which the UE would listen to is associated with the implicit C-RNTI.
2. After receiving the preamble, the eNodeB calculates timing advanced and allocates UL resources for the UE. The TA and UL grant is transmitted over UL grant channel using implicit C-RNTI as the shared channel UE ID. The UL grant channel is associated with the implicit C-RNTI.
3. If the UL grant is not received before expiry of Timer 1, the UE assumes that the preamble has not been received by the eNodeB and re-starts the RACH access procedure by selecting another preamble.

4. If the UL grant is received, the UE sends a scheduling request using the allocated UL resources. The scheduling request message is sent over DCCH mapped onto UL-SCH without use of HARQ. To facilitate contention resolution, a second level of randomisation is introduced here. The randomisation is performed by allowing the UE to randomly select a UL grant channel or a set of UL grant channels. The UE selects a UL grant channel and the selected grant channel index is signalled to eNodeB together with the scheduling request message. The use of UL grant channel selection for the second level of randomisation allows the normal L1 and L2 operation. i.e no modification is required for physical link layer processing or L2 algorithms. At the same time, Timer 2 is turned on.
5. The UE listens to the selected UL grant channel for the UL grant.  After receiving the scheduling request message, the eNodeB allocates UL resources and a UL grant is sent over the UL grant channel signalled by the UE.  
6. If the UL grant is not received before Timer 2 expires, the UE re-start the RACH access procedure by selecting another preamble.
7. If the UL grant is received, RRC connection request message including IMSI, is sent over the allocated UL-SCH resources with HRAQ. The message is mapped onto DCCH. If the re-transmission reaches the maximum number of re-transmission then re-start the RACH access procedure by selecting another preamble.
8. The UE listens to the RRC connection setup message sent over DL-SCH. The message includes IMSI for the intended UE. If the indicated IMSI is different from the UE’s IMSI then re-start the RACH access procedure by selecting another preamble.
3 Analysis


[image: image2]
Figure 2 illustrates the time relationship between the signalling flows involved in the proposed method. Both UE1 and UE2 have selected the same preamble signature and transmitted the selected signature sequence on the same RACH channel at the same time. Even though, a UE collision is happened, the eNode B is unable to detect it hence, TA and UL grant for the strongest signal, which is UE1 in the example, is transmitted in downlink together with UL grant using the implicit associated C-RNTI. Both UE1 and UE2 decode the message and transmit a scheduling request message including a randomly selected (set of) UL grant channel index. UE1 has selected UL grant channel index n, while UE2 has selected UL grant channel index k. Note that only UE1 is UL time synchronised while UE2 becomes interferer. The eNodeB decodes the message and allocate UL resources for the UE1. The allocated resource is signalled to the UE1 over UL grant channel n. The UE2 listens to UL grant channel k, hence it does not receive the message intended for UE1, even though both UEs sharing the same C-RNTI.  After the expiry of Timer 2, UE2 re-start the initial access by selecting a preamble sequence.
According the illustration given in Figure 2, 

time to the contention resolution = t​1 –t0 +Timer2 = ts1 + Timer2 
time required for RRC connection   = t3 – t0  =  ts1+ ts2+ ts3 + 2S1 + TR 
where TR is the delay involved with re-transmission.       
4 Comparison with contention resolution method for “one-step” approach


[image: image3]
Figure 3 illustrates the signalling flow involved in a contention resolution method based on explicit signalling [1] in “one step” RACH procedure. Both UE1 and UE2 have selected the same preamble signature and transmitted the selected preamble signature on same RACH channel at the same time. Even though, a UE collision is happened, the eNode B is unable to detect it hence, TA and UL grant for the strongest signal, which is UE1 in the example, is transmitted in downlink together with UL grant using the implicit associated C-RNTI. Both UE1 and UE2 decode the message and transmit a RRC connection request message including a UE global ID (i.e. IMSI) on the allocated UL resources. Note that only UE1 is UL time synchronised while UE2 becomes interferer. After the correct reception of RRC connection request message (note: this may involve a number of re-transmission depending on the radio link quality), the eNodeB transmits contention resolution message which includes the global ID of the intended UE. After receiving the contention resolution message, UE2 realises the ongoing communication is not intended for it hence re-starts the RACH access procedure by selecting a preamble signature. In case, if the contention resolution message is not received by the UE, the UE re-starts the RACH procedure after the Timer T expires.

According the illustration given in Figure 3, 

time to the contention resolution = t​2 –t0 = ts1 + ts + TR1





or = ts1 +Timer T 

time required for RRC connection   = t3 – t0  =  ts1+ ts3 + 2S1 + TR 

where TR1 and TR are the delay involved with re-transmission for delivery.   

Compared to the “one step” approach based contention resolution mechanism, the proposed scheme has ts2 delay in establishing a RRC connection in the best case, where no UE collision and no re-transmission are needed in the RRC connection procedure.  ts2 is the time between transmission of a scheduling request message and the reception of a UL grant. As only the L1/L2 is involved, ts2 is in the range of 3 - 5ms.   
However, if the radio channel condition is such that re-transmission is required ( this is generally the case if UE collision is occurred i.e, colliding UE becomes the interferer hence reduce the channel quality) to guarantee the delivery of messages over SCHs, then the proposed scheme outperforms the contention resolution scheme proposed for “one-step” approach.   
5 Conclusion

In this paper, we proposed a method of contention resolution that would support the use of HARQ on L3 messages and yet providing a normal shared channel operation. The method is based on two level of randomisation to reduce UE collision probability and is applicable to “two-step” RACH approach. 
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