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1. Introduction
In RAN2 #98 meeting [1], for RA enhancement, whether to support different backoff values or not was discussed preliminarily, but there is no conclusion since we need further detailed analysis about the pros and cons. 
Therefore, we provide our view on the issue of different backoff values in this contribution.
2. Discussion
In LTE, there are two timings in RA procedure may occur RA failure, i.e. RAR reception is not successful or Contention resolution is not successful. But there are different reasons to cause RA failure as listed in the table below:
Table 1: RA failure
	RA Failure Timing
	Reasons for RA failure

	RAR reception is not successful (Msg2 failure)
	1. UE is failed to receive/decode any Msg2 during RAR window:
· Preamble is transmitted unsuccessfully, e.g., weak transmission power, interference.

· Msg2 is transmitted unsuccessfully, e.g. interference.
	2. All the Msg2 received by the UE during RAR window does not include RAPID which matches the transmitted preamble ID:
· Preambles collision, e.g. high loads of UEs. 

	Contention resolution is not successful (Msg4 failure)
	1. UE cannot successfully receives/decodes Msg4 before 
mac-ContentionResolutionTimer is expired:
· Msg3 is transmitted unsuccessfully, e.g., weak transmission power, interference.

· Msg4 is transmitted unsuccessfully, e.g. interference.
	2. UE successfully receives the Msg4 but the Msg4 is not for the UE:

· Msg3 collision, e.g. multiple UEs select the same preamble and PRACH resource


However, regardless of which reason leads to RA failure, UE performs the same backoff mechanism, i.e. based on one BI value received in Msg2.
Observation 1: In LTE, regardless of which reason leads to RA failure, UE performs the same backoff mechanism, i.e. based on one BI value received in Msg2.
On the other hand, for different UEs which select the same PRACH resource will monitor and receive the same Msg2 due to the equivalent RA-RNTI, i.e. these UEs will obtain the same BI included in the MAC subheader of Msg2 and apply the same BI value since there is only one BI value in Msg2. It is observed that regardless of which UEs select the same PRACH resource, preamble retransmission is delayed based on the same BI value. 
Observation 2: In LTE, regardless of which UEs select the same PRACH resource, preamble retransmission is delayed based on the same BI value.
Apparently, backoff mechanism in LTE is lack of flexibility and adjustability since only one BI value is provided, e.g. for different reasons of RA failure or for the UEs select the same PRACH resource. 
It is foreseeable that there will be lots of different service types of UEs with different requirements in NR. For example, with regarding to delay requirement, the shorter backoff time or even not applying backoff for delay-critical service (e.g. URLLC service) could be considered, and the longer backoff time could be used for delay-tolerant service (e.g. eMBB service). 
In addition, it is also beneficial to apply different backoff values for different purposes of RA since the priority of different purposes may be different. For example, RA for small data transmission, RA for other SI request, 2-step RA, etc.
Thus, in order to increase flexibility to alleviate the congestion more efficiently, applying different backoff values for different cases should be supported. For example, UE can derive different backoff values from a Msg2 for different reasons of RA failure, different services of UE, or different purposes of RA, etc.
Proposal 1: In NR, UE can derive different backoff values from a Msg2.
Looking back on RAN2 discussion [2] for NB-IoT, the range of backoff time for LTE/eMTC is extended to adapt the longer NB-IoT preamble transmission duration in release-13. The solution for NB-IoT device to apply different backoff values is to define different reference table. The tables of backoff values for normal UE and for NB-IoT UE captured from [3] are shown below.
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Figure 1: Backoff values for normal UE and NB-IoT UE in LTE. [3]
However, it is not flexible that a new reference table for backoff is defined every time a new case is introduced. The backoff mechanism for NR should have flexibility to address all possible use cases and scenarios as well as considering forward compatibility and commonality. Except for the method of defining new reference table, other solutions should be studied for applying different backoff values for different cases. 
Two methods to derive different backoff values are introduced in the following:
· Method 1 - Backoff interval adjustment
In LTE, the UE could select a random backoff time according to a uniform distribution from a backoff interval and the backoff interval is from 0 to the value of BI. In this method, different cases of UEs will receive the same BI like LTE. But different backoff intervals could be adjusted from the BI value based on certain rules. The initial value of the interval could be zero or greater than zero.
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Figure 2: The example of backoff interval adjustment.
· Method 2 - Multiple BIs within a Msg2
The BI could be expanded to more than one BI within a Msg2. Different BIs could be applied for different cases. Furthermore, it is possible that the UE could select a random backoff time according to a uniform distribution between the first BI and the second BI.
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Figure 3: Multiple backoff indicators within a Msg2
Proposal 2: RAN2 is recommend to consider following two methods to derive different backoff values.
1. Backoff interval adjustment
2. Multiple BIs within a Msg2
3. Conclusion

This contribution reviews RA backoff in LTE and finds out drawbacks could be improved in NR. On the other hand, the benefit to enhance RA bakckoff for NR system is also introduced. At the end, two methods to derive different backoff values are proposed.  
Observation 1: In LTE, regardless of which reason leads to RA failure, UE performs the same backoff mechanism, i.e. based on one BI value received in Msg2.
Observation 2: In LTE, regardless of which UEs select the same PRACH resource, preamble retransmission is delayed based on the same BI value.
Proposal 1: In NR, UE can derive different backoff values from a Msg2.
Proposal 2: RAN2 is recommend to consider following two methods to derive different backoff values.
1. Backoff interval adjustment
2. Multiple BIs within a Msg2
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