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Introduction  
There was an extended discussion on the aspect of achieving prioritization between different RACH triggers in NR using differentiation of PRACH parameters in the last RAN2 meeting. The following agreements were made:
Agreements:
The following cases will apply prioritized RACH procedures (if configured)
1. Handovers using contention-based access 
2. BFR recovery 
The set of parameters for prioritization include 
•	powerRampingStep and Backoff Parameter
Idle mode will not be discussed in Rel-15

In this contribution, we re-visit some of the key issues and present our views, particularly on the aspect of other RACH triggers to be considered for said prioritization and RACH parameter configuration to achieve such prioritization.
Discussion
2.1	RACH triggers for differentiation
One of the issues under discussion last meeting was which RACH procedure triggers should be considered for prioritization [1]. Before diving into this discussion, it should be clarified that the process of providing higher priority to certain procedures is obtained by configuration of selected PRACH parameters and is thus only applicable to preamble (re-)transmissions. Once the gNB is able to successfully receive and detect the preamble and respond by a corresponding Msg2, there is no further differentiation on part of the UE and the remaining procedure proceeds exactly as a “normal” random access procedure. So, the main goal of this procedure is to reduce contention and latency in the transmission of the PRACH preamble and detection by the gNB. In this regard, this prioritization is not comparable to the elimination of contention achieved by having dedicated resources and/or preambles for contention free random access. 
The main takeaway from the above discussion is that the differentiation (at least the way it has been discussed until now) should be considered an enhancement. In this regard, if we consider all the different RACH triggers (both contention based and contention free), some of them are unique in the sense that both contention based and contention free access is applicable for them. For instance, for the case of handover, the NW can allocate dedicated resources and/or preambles that the UE can use for CFRA, in addition to the CBRA that is available as a fallback option. Similarly, in the case of random access initiated for beam failure recovery, RAN2 agreed that the UE will use dedicated resources for performing RACH if such resources have been configured; otherwise, it can fall back to using contention based resources.
On the other hand, RACH triggers like RRC connection re-establishment or random access triggered by the arrival of UL data at the UE do not have a contention free analog and the UE necessarily has to go through contention based random access. Therefore, it is for such cases that the benefit of some prioritization can be fully reaped, by achieving reduced latency and contention, i.e. by using more aggressive power ramping or backoff in certain cases. Specifically, for RRC connection re-establishment case, the cause could be radio link failure or handover failure, etc. In this case, the UE will have to perform random access to send the RRC Connection Re-establishment Request to the network and using a more aggressive power ramping or backoff behavior can help reduce the time it takes the UE to re-establish RRC connectivity. Particularly for re-establishment, the reduced latency from this prioritized behavior can help reduce the overall service interruption time and improve user experience. Therefore, we propose to consider at least the RRC connection re-establishment case for differentiation in addition to the CB HO and BFR case as agreed previously.
Proposal 1:	RRC Connection Re-establishment should be considered for prioritized RACH procedure.
It should also be noted that while such enhancement can be potentially useful for reducing latency, we also need to be cognizant of the impact it has on overall random access performance. For example, if we consider differentiating the powerRampingStep used for transmission of RACH preambles for a large number of cases and/or UEs, this will potentially increase interference for other UEs (i.e. not performing prioritized RACH) at the gNB and drown out their transmissions. One instance of this is the SI request procedure, where the benefits of prioritizing RACH are not very clear. 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 SI request 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.
2.2	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. It was previously 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. Moreover, this reduces the flexibility that the network can achieve by fixing the values of backoff parameters for all scenarios and deployments.
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 functionally 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. This multiplier can be applicable to all prioritized RACH triggers such as CBRA for HO or BFR case or be signaled per case individually.
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.
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 3:	A new backoff multiplier index, configurable by the network, should be defined for NR to provide differentiation to RACH triggers with different priorities.
Conclusion
This contribution discusses the aspect of supporting packet duplication for carrier aggregation over sidelink and makes the following proposals: 
Proposal 1:	RRC Connection Re-establishment should be considered for prioritized RACH procedure.
Proposal 2:	SI request should not be considered a high priority RACH trigger for the purpose of 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 3:	A new backoff multiplier index, configurable by the network, should be defined for NR to provide differentiation to RACH triggers with different priorities.
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