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1. Introduction
RAN2 has recently defined the non-synchronized RACH process into a more mature specification [1]. In the Malta RAN2 meeting, [2] described a proposal to split the signatures used in the contention based RACH process into subsets for urgent cause and non-urgent cause. Some of the benefits of unfair splitting in favor of the urgent cause were discussed. There were several requests for the gain figures in a realistic situation discounting reserved signatures use cases. There were also some offline requests to quantify the loss of randomness in rare cases when all load is for the urgent cause and the subset of signatures for the non-urgent causes is not available for use as per the method. In this contribution, we present the answers to these requests.
The rest of this contribution is organized as follows. In section 2, we present an example with a typical load and a suggested urgent non-urgent split of signatures, and quantify the gains versus a non-split of signature set. In section 3, we present quantitative results on the loss in randomness if the entire load is for urgent cause and splitting is employed. We conclude in section 4.
2. Typical load, signature set split, and performance 
Let us consider the typical load on the RACH with contention based and contention-free (reserved) use of signatures. According to [3] and [4], in a 10Mhz cell, a load of up to 150 accesses per second may be considered normal when no reserved signatures are available, and a load of up to 86 accesses per second when reserved signatures are used for resuming DL transmission and for handover. The number of reserved signatures required is also shown to be about 10. Thus, for our analysis of load and performance of contention based RACH access, we use a total load value of about 86 accesses per second, and the total available signatures to be 54 (i.e. 64-10). In the Malta RAN2 meeting it was also asked if there is an increase in the load due to power ramping of the preambles. According to our understanding, RAN1 has designed the RACH process such that most (around 99% or more) of all RACH accesses will not need power ramp up. Thus, we assume that there is no realistic increase in the load on the RACH due to power ramping and retransmissions of signatures.
In table 1 below, we list the high level causes, and their loads on the contention based RACH access. We also assign an urgent or non-urgent label on the cause. This classification is derived from table 2 column 8 in [3], and with additional assumptions as described below.
The following assumptions and approximations are made in table 1 below.

· The aim is to evaluate an overall load in urgent and non-urgent causes. Some approximations and rounding is done.

· The load due to arrival of DL data, and HO is considered 0 as an approximation for the contention based access, as most of it is addressed using dedicated signatures.
· We assume an approach similar to approach 2 in the appendix of [3], but that the UL synchronization maintenance is done for longer than 4 seconds. We also assume that the traffic is more bursty than as assumed there. So, there is a shift in some load to the non urgent UL synchronization maintenance cause from the UL data arrival case with urgency.
· We assume a minor load for non-urgent attaches from RRC_IDLE to RRC_CONNECTED.

Table 1: Contention based RACH access load
	
	Cause
	Load/sec
	Urgency 

	a)
	Arrival of any form of UL data 
	56
	Urgent

	b)
	Tracking Area Update
	12
	Non- Urgent

	c)
	UL synchronization maintenance
	16
	Non-Urgent

	d)
	Non urgent Attaches
	2
	Non-Urgent


Total Urgent Load = 56 per second
Total Non-Urgent load = 30 per second

Total load = 86 per second

In [3], the load of 86 accesses per second was considered normal, and upto 100 accesses per second considered likely. Let us use that slightly elevated load, but consider the urgent non-urgent split of load in approximately the same ratio. 

Elevated likely load:

Total: 100, Urgent: 65, Non-Urgent: 35
Note that the above figures are simply examples considered to evaluate a typical scenario. With a fair urgent non-urgent split, we would split the available 54 signatures in the ratio of 65:35 for urgent and non urgent causes. However, in order to provide priority to the urgent causes, we consider an unfair splitting in favor of the urgent cause. Assume that the split in signatures is:
Urgent cause: 45 signatures

Non-urgent cause: 9 signatures
Given the above, let us consider the performance gains due to splitting. The performance can be considered in terms of the 2 aspects: the lower collision probability for the Urgent cause, and lower dimensioning of the RACH slots required.
The lower collision probability for the Urgent cause: Because of unfair splitting, the collision probability for the urgent cause is lower than that for the non-urgent cause. If however, both collision probabilities are kept below 5%, the “average” latencies are very close to the latency experienced when there is no collision [6]. In such cases, almost all attempts are successful in either the first try, or with the second try after the first collision. The collision probability essentially expresses what percent of UEs will observe additional latency of an initial collision and then a success. In table 2, below, we show the different collision probabilities experienced for different load conditions if 1 RACH slot per 10ms period is used in the system.

Table 2: Latency gains in terms of collision probabilities when 1 RACH slot scheduled per 10ms; 10Mhz cell; loads for urgent-non-urgent in proportion always.

	Total Load / Second
	86 (normal)
	100 (elevated)
	125 (high)
	140 (extreme)

	Urgent Cause (45 signatures; 65% load)
	1.24%
	1.43%
	1.79%
	2.00%

	Non-Urgent Cause (9 signatures; 35% load)
	3.28%
	3.81%
	4.74%
	5.29%

	No Splitting (54 signatures; 100% load)
	1.58%
	1.83%
	2.29%
	2.56%


We observe above that with a slightly unfair allocation of signatures, the collision probabilities of the urgent causes can be bounded within 2% even in high load scenarios. Note that when the collision probabilities approach lower and lower, even a 0.5% change in collision probabilities is equivalent to a 25% change in the number of attempts experiencing collisions. The major dimensioning gains of unfair splitting are shown next. 
The lower dimensioning of the RACH slots required: The main performance gain from using the urgent non-urgent splitting is achieved in the form of the lower dimensioning required for the RACH slot scheduling to achieve the same collision probability for the urgent causes. In table 3 below, we show that for a particular target collision probability for the urgent causes, the UL overhead in terms of the number of RACH slots that need to be scheduled increases when no signature set splitting is employed.
Table 3: UL % overhead in a 10Mhz system for various target collision probabilities for the urgent causes; Overall Load = 120/second (high); signature split: Urgent=45, Non-Urgent=9;
	Target Collision probability for the urgent causes
	0.5%
	1%
	1.5%

	Urgent Non-Urgent Splitting Used
	4.32%
	2.16%
	1.44%

	No Splitting Used
	5.54%
	2.76%
	1.84%


As we note above, using urgent non-urgent splitting of signatures can allows us to dimension the UL so that we save from 0.4 to 1.2% of the UL capacity that would have otherwise been wasted in RACH slots. This is significant for a 50 Mbps system.
3. Loss in Randomness Analysis
Assuming a split in the signature set as in section 2, we now calculate the performance loss in cases when all load is in the urgent cause. The comparison is against a case when all signatures are available including the subset of non-urgent cause signatures.
Case 1: No splitting of signature set is done.

Signatures available: 54 (from section 2 above)

Case 2: Signatures set is split into urgent and non-urgent causes

Signatures available: 45 (from section 2 above)

Load: We assume a series of load values from normal load to higher and higher loads. From section 2 above, for the urgent cause, the load values we consider are:

1. Normal load: 56 accesses /second
2. Elevated load: 65 accesses/second

3. High load: 80 accesses/second

4. Extreme load: 100 accesses/second

5. Absurd load: 200 accesses/second

RACH slot allocation: We assume that 1 RACH slot per 10ms period is allocated in the frame so that the steady state probability of collision for a UE is about 1% under normal load (56 accesses/second.

Table 4: Collision probability comparison when all load is urgent (1 RACH slot /10ms)
	LOAD->
	56/second
	65/second
	80/second
	100/second
	200/

second

	Case 1. No Splitting (54 signatures)
	1.03%
	1.2%
	1.47%
	1.83%
	3.64%

	Case 2. Splitting (45 signatures)
	1.24%
	1.43%
	1.76%
	2.2%
	4.35%


From table 4, we observe that even for absurdly high loads of 200 accesses/second, the maximum difference in the collision probabilities observed between the two cases is less than 1%. We also observe that the collision probabilities are still within 5% for case 2. In [6], we observed that collision probabilities of the order of sub 5 percent, do not cause multiple retransmission attempts. Within 1 retry, most of the load is successful. We also observed that the latencies with such collision probabilities are well within acceptable limits. 

In summary, we observe that in the case of splitting of signatures into urgent and non-urgent causes, there is no significant loss in randomness when there are bursts of arrival with high load. Even in extremely high loads, the performance is quite acceptable. For the typical load case, we have performance gains as shown in section 2.
4. Conclusion
In this contribution we present answers to the questions raised during the discussion of the proposal to split RACH signatures into urgent and non-urgent causes with unfair splitting in favor of urgent causes. We presented the performance gains in typical load scenario, and also showed that during extreme and rare conditions, there is no performance loss. We propose to include the idea in the stage 2 TS.
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