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Introduction  
There has been some discussion on the issue of differentiation of random access parameters in the previous few RAN2 meetings. In RAN2 99, the following agreement was made:
=>	Differentiation of backoff parameter and/or power ramping will be supported.   FFS in what conditions/events the differentiation will be supported.   A TP should be submitted by next meeting

In RAN2 99bis, there was further discussion on defining a unified framework to achieve said differentiation. However, there was no concrete resolution and it was agreed that we will come back to this issue in January 2018. 
	=>	 We will resume the discussions in January thinking about this framework



In [1], it is proposed to define two levels of priority as well as a discussion on the parameters that should be considered for this differentiation. In this contribution, we focus on the Backoff Indicator (BI) and how it can be utilized for this purpose.
Discussion
2.1	Backoff Indicator
In LTE, the network utilizes the backoff indicator, which is a special MAC subheader that carries the backoff parameter, indicating to the relevant UE(s) the time it/they need to delay the subsequent (re)transmission of the PRACH message. The following figure shows the structure of the relevant subheader:


Figure 1 E/T/R/R/BI MAC subheader
The BI field is 4 bits long and the mapping of the 16 indices to actual values in the time domain are indicated by the table below as in [2]:
[bookmark: _Ref503178651]Table 1 Backoff Parameter values
	Index
	Backoff Parameter value (ms)

	0
	5

	1
	10

	2
	20

	3
	30

	4
	40

	5
	60

	6
	80

	7
	120

	8
	160

	9
	240

	10
	320

	11
	480

	12
	960

	13
	1920

	14
	Reserved

	15
	Reserved



Now, if backoff indicator is agreed to be considered for the purpose of assigning priorities to different UEs (and the corresponding RACH triggers) to provide differentiation, there is a need for providing additional granularity in the BI values. This to ensure that for any two (or more) UEs, the same BI index signaled by the network should correspond to different waiting periods if the associated RACH triggers correspond to different priorities. Of course, the amount of granularity depends on the number of different priority levels considered. In [1], it is proposed to consider up to 2 priority levels. While more priority levels are certainly possible and can provide a greater degree of differentiation, the signaling overhead and complexity as well as impact on overall RACH performance would be prohibitive. So, taking two priority levels as an example, we can consider two distinct ways of providing this granularity.
The first option is to extend the table by introducing additional values corresponding to each of the indices. For instance, if the network sends a value of 5 (corresponding to a backoff value of 60 ms), there should be two case: the UE with low priority RACH trigger should still use the value of 60 ms but for a UE with a high priority RACH trigger, it should use a smaller value (e.g. 30 ms). The reasoning is that the UE with a higher priority RACH trigger should be able to perform RACH faster. Of course, the exact values for the low priority case can be different, but in our view, a scaling factor of 0.5 provides the best tradeoff between congestion and sufficient differentiation. It is noteworthy however, that for larger values of backoff parameter (i.e. > 100 ms), the benefit of such scaling is less pronounced since even after scaling by 0.5, the values are high enough that prioritization seems less useful.
From the above example, the modified table would be as follows:
Table 2 Backoff Parameter values with scaling
	Index
	Backoff Parameter value for lower priority RACH trigger(ms)
	Backoff Parameter value for lower priority RACH trigger (ms)

	0
	5
	3

	1
	10
	5

	2
	20
	10

	3
	30
	15

	4
	40
	20

	5
	60
	30

	6
	80
	40

	7
	120
	60

	8
	160
	80

	9
	240
	120

	10
	320
	160

	11
	480
	240

	12
	960
	480

	13
	1920
	960

	14
	Reserved
	Reserved

	15
	Reserved
	Reserved


Another option to provide this differentiation is to define a new backoff multiplier, which can be used for scaling the backoff interval value for the different priority cases. In our example of two priority levels for the RA triggers, this can be a single number (0.5). This is equivalent to the table in the first approach, with the added flexibility that this backoff multiplier can be configurable. If the network can include this multiplier as part of the RACH common configuration, the idle mode UE can simply scale the backoff values in the existing table by this factor when performing random access. Moreover, depending on how much granularity is allowed in the value of this multiplier, this also provides a greater flexibility to the network to control UE behavior in case of congestion, etc. For instance, a separate table mapping backoff multiplier index to scaling values (similar to the above table) can be defined similar to Table 1. Depending on the indicated value of the BI index, the UE can multiply the legacy backoff interval value (from the legacy table) with the applicable scaling factor to obtain the new backoff interval, depending on the priority of the RACH trigger.
 
Table 3 Backoff scaling factor table
	Backoff multiplier Index
	Backoff scaling factor

	0
	0

	1
	0.1

	2
	0.2

	3
	0.3

	4
	0.4

	5
	0.5

	6
	0.6

	7
	0.7

	8
	0.8

	9
	0.9

	10
	1.0


In our view, defining a (configurable) backoff multiplier index seems to be a far more flexible approach and should be adopted for NR. The TP capturing the above multiplier based approach is also depicted in [1].
Observation 1:	The differentiation in backoff parameter can be achieved by either extending the existing backoff parameter table or defining a new backoff multiplier.
Proposal 1:	A new backoff multiplier index, configurable by the network, should be defined for NR to provide differentiation to RACH triggers with different priorities.
2.2	SI request as a RACH trigger
In the previous RAN2 meetings, there was some discussion on which RACH triggers should be considered for differentiation. It was proposed by some companies to consider SI request as one of the RACH triggers which should be differentiated and assigned a higher priority for RACH. However, in our view, since we have already agreed that in NR, at least for Msg1 based (2 step) SI request, the network can allocate/reserve dedicated PRACH preamble(s) and/or PRACH resources for a set of SI. The UE can thus use the dedicated preamble to request the SI it is interested in. The purpose of providing differentiation is primarily for the cases when latency and congestion is a concern and contention free random access is thus less of an issue. Even for Msg3 based SI request, in our view, latency requirements are not too critical and so it does not need to be considered a high priority RA trigger for the purpose of differentiation. 
Proposal 2:	SI request should not be considered a high priority RACH trigger for the purpose of differentiation.

Conclusion
This contribution discusses the details of providing RACH differentiation using the backoff indicator and some discussion on considering SI request as a RACH trigger for differentiation: 
Observation 1:	The differentiation in backoff parameter can be achieved by either extending the existing backoff parameter table or defining a new backoff multiplier.
Proposal 1:	A new backoff multiplier index, configurable by the network, should be defined for NR to provide differentiation to RACH triggers with different priorities.
Proposal 2:	SI request should not be considered a high priority RACH trigger for the purpose of differentiation.
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