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1. Introduction
In RAN2 #56bis meeting, it has been agreed that the C-RNTI should be allocated in message 2 to allow HARQ in message 4.

In this contribution we summarized the current available solutions for such C-RNTI assignment and the gains for each solution have been calculated and simulated.
2. Options for C-RNTI assignment
Option A (Full 16 bit C-RNTI assignment for each UE):

In option A for each signature addressed in message 2 a full 16 bit C-RNTI is signaled together with the timing advance and the UL resource allocation. 
The signaling bits will be 16*N, and N is the UE number in msg2.

Option B (Short C-RTNI per signature): the required signaling bits will be n*N where n is predefined number like 8, and N is the UE number in msg2 [1].

In option B for each signature addressed in message 2 a short n bit C-RNTI (e.g. 8 bit) is signaled together with the timing advance and the UL resources. For getting the final C-RNTI the short C-RNTI is added to a long C-RNTI0, which is either fixed by the standard or signalled on BCH, e.g. together with the RACH parameters. 
Option C (Base 16 bit C-RTNI for all signatures) [2]:
A base C-RNTI is signaled with every message 2; for each signature listed subsequently the position within the list is added to the base C-RNTI to get the final C-RNTI for this signature; see table 3 for details.
The required signaling bits will be 16 for all the N users in msg2.
Compared the required signalling bit in msg2 for C-RNTI assignment of the above options, we can see both option B and option C has gain over option A. However:

· For option B, depending on the size of the short C-RNTI, the C-RNTI room has to be reserved and new C-RNTIs have to be assigned as soon as possible to free the C-RNTI0 space. There would be much more signalling overhead for the C-RNTI re-assignments.

· For option C, the gain would depend on N (the number random access on each RACH occasion) and when N is small, the gain would not be too much.
Option D (C-RNTI0 + RA-ID+ ns bit): 

In option D for each signature addressed in message 2 a short ns bit C-RNTI (e.g. 6 bit) is signaled together with the timing advance, the UL resources and 6 bits preamble ID. For getting the final C-RNTI the short C-RNTI and the 6 bits preamble ID are added to a long C-RNTI0, which is either fixed by the standard or signalled on BCH, e.g. together with the RACH parameters. For example:
16 bit C-RNTI can be got by following part:
· MSB n0 bits (e.g. n0 = 4) of C-RNTI: given by C-RNTI0. For example, when n0 =4, the highest 4 MSB are fixed to 0000)
· Next 6bits of C-RNTI: indicated by preamble id, which has been used in the message 1
· LSB (ns = 10 – n0) bits of C-RNTI: given by message 2

Therefore, in message 2, for the C-RNTI assignment to one UE, the number of needed bits to signal in message 2 is just ns = 16 – n0 – 6 = 10 - n0. The required signaling bits for option D will be ns*N, and N is the UE number in msg2.
Summary on the number bits in msg2 for different options:

Table 1: Number of bits in msg2 for CRNTI assignment with different options
	
	Option A
	Option B
	Option C
	Option D

	Number of bits needed for C-RNTI  assignment
	N*16
	N*8
	16
	ns*N


Summary on the Pros and Cons for different options:

The pros and cons for different options are summarized based on following aspects:

· Flexibility

· Option A: Full flexibility;

· Option B: The C-RNTI assignment in msg2 should be within the reserved space which has 28 = 256 C-RNTI’s;

· Option C: The C-RNTI assignment in msg2 can be any free C-RNTI’s in the total C-RNTI space. The limitation is that the C-RNTI’s in one msg2 should be contiguous;
· Option D: The C-RNTI assignment in msg2 can be any free C-RNTI’s within the reserved space which has 2(6+ns) C-RNTI’s (for example, when ns =6, the available number of C-RNTI for assignment is 4096). Further limitation is that the C-RNTI’s assigned in one msg2 would be based on signature ID.

· Message size

· Option A: maximum number of bits necessary for signaling and therefore all drawbacks of increasing the message size;

· Option B: Smaller message size and gain is independent on N;
· Option C: Smaller message size when N is large. When N = 1, the message size would be same as option A;
· Option D: Smaller message size and gain is independent on N.
· Need for other signaling

· Option A: no;

· Option B: A C-RNTI0 has to be either standardised or signalled on BCH (increasing BCH load). Depending on the size of the short C-RNTI, the C-RNTI room has to be reserved and new C-RNTIs have to be assigned as soon as possible to free the C-RNTI0 space.
· Option C: no;
· Option D: When one of the sub-space indexed by a preamble ID is going to be exhausted, signaling may be needed to balance used C-RNTI’s in each C-RNTI sub-space.
3. Evaluation on the gain for different options
The gain for different options is defined as the gain of the number of bits achieved over option A. For comparison among different options, we defined normalized gain as bellow:
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For evaluation on the gain, we assume the number of random access is Poisson distributed, so the gain will depend on the random access arriving rate, i.e. λ. Therefore, before the calculation on the gain, we need to calculate the reasonable range for λ.

Currently in RAN2 it was assumed that the collision probability (more than one UE’s randomly selecting the same signature) on PRACH should be 1% ~ 2%. For different value of λ, we can calculate Prcollision as below table shows:

Table 2: Collision probability for different lambda values
	lambda
	0.5
	0.8
	1.15
	1.5
	1.62
	2

	Collision probability
	0.2%
	0.5%
	1%
	1.7%
	2%
	3%


The equation for calculation on the collision probability is given in appendix 1.

The gain of different solutions depends on the number of random accesses per second and on the number of RACH occasions per radio frame. On the basis of a Poisson distribution we get the results on the gain and normalized gain over option A for the lambda values in Table 2, which are shown in figure 1. 
	[image: image2.emf]0.5 1 1.5 2

0

1000

2000

3000

4000

5000

6000

7000

8000

Numb of RACH occasions = 300 per sec

lambda

gain (bits)

Option B

Option C

Option D, ns=10

Option D, ns=8

Option D, ns=6

Option D, ns=4


	[image: image3.emf]0.5 1 1.5 2

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Numb of RACH occasions = 300 per sec

lambda

Normalized gain

Option B

Option C

Option D, ns=10

Option D, ns=8

Option D, ns=6

Option D, ns=4



	[image: image4.emf]0.5 1 1.5 2

0

1000

2000

3000

4000

5000

6000

Numb of RACH occasions = 200 per sec

lambda

gain (bits)

Option B

Option C

Option D, ns=10

Option D, ns=8

Option D, ns=6

Option D, ns=4


	[image: image5.emf]0.5 1 1.5 2

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Numb of RACH occasions = 200 per sec

lambda

Normalized gain

Option B

Option C

Option D, ns=10

Option D, ns=8

Option D, ns=6

Option D, ns=4




Figure 1: Gain and normalized gain by options over option A
In figure 1, the gains of Option D are provided with different values of ns (the number of bits that actually needs to be signalled in message 2).

Since the collision probability (more than one UE’s randomly selecting the same signature) on PRACH should be 1% to 2%, according to the calculated collision probability in Table 2, we can see that reasonable operation value of lambda should be within the range of 1.15 ~ 1.62. If we assume the typical random access load is lambda = 1.5, then we can see from the figure that when number of RACH occasions = 200 per sec, if we fix ns = 6 in option D, then:
· The signalling efficiency gain of Option D over Option B would be:

(62.5% - 50%) / 50% = 25%

· The signalling efficiency gain of Option D over Option C would be:

(62.5% - 48%) / 48% = 30%

With Option D, since n0 bits has already been given by C-RNTI0 and 6 bits has been given by preamble ID, then the number of the available C-RNTI’s for assignment is 2ns, then there would be possibilities that there is no available C-RNTI for the assignment. 
One solution for this could be that in case a C-RNTI shortage would be eminent for some preamble values, additional signaling could be transmitted for C-RNTI re-assignment. 

For evaluation on the possibilities that no available C-RNTI can be assigned with option D, some statitiscal simulation has been performed and the simulation results has been provided in next section.
4. Evaluation on the possibility of no available CRNTI and the overhead for additional signaling
The possibility of no available C-RNTI in the C-RNTI space decided by C-RNTI0 and preamble ID would depends on the total number of active UEs in a cell, i.e. the system load in a cell.
In [3], different loads for a 10 MHz cell have been provided which were shown as below:
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The heading row indicates the number of UE’s that would be present in a 10 MHz cell (IDLE + CONNECTED). It is assumed in [3] that in a 10 MHz cell, it would be possible to handle up to 7000 UE’s. In this case, the average number of UEs in connected mode would be around 1342 (for 100% connected strategy). 
With the above reference we can provide the simulation parameters as below:
Table 4: Simulation assumptions

	Parameter
	Value
	Comments

	Number of connect UE’s
	383
	1342
	9583
	The number of connected UE’s are selected according to the load values given in [3]

	Number of Idle->Active transitions per cell per hour
	18000
	63000
	180000
	

	Number of RACH occasions per hour
	12000
	42000
	120000
	

	lambda
	1.5
	Collision probability = 1.7% when lambda = 1.5.

	n0
	1
	2
	3
	4
	5
	6
	In the 16 bits C-RNTI for assignment, n0 bits will be fixed to 0.

	ns
	9
	8
	7
	6
	5
	4
	The number of bits needs to be actually signaled for C-RNTI assignment for one UE in RACH message 2.


To simplify the simulation, we assume that the the number of connected UEs are fixed to the values given in Table 4, which means that each time one new C-RNTI has been assigned to a UE, one randomly selected used C-RNTI would be freed.
With the above simulation assumptions, Option D has been simulated. The simulation results have been given in figure 2. In figure 2, P_fail is the probability that a UE fail to get the available C-RNTI assignment given that n0 bits has been fixed to 0 and 6 bits has been determined by preamble ID.
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Figure 2: Proability that UE cannot get an available C-RNTI with option D
In figure 2, we can see that:
· When system load is that the number of connected UE’s is 383 per cell and ns = 5, P_fail is below 1%;

· When sytem load is that the number of connected UE’s is 1342 per cell and ns = 6, P_fail is below 1%;

· When sytem load is that the number of connected UE’s is 9583 per cell and ns = 8, P_fail is below 1%.
It should be noted that according to the gain given in figure 1, when ns is smaller than 8, option D provides much higher gain over other options.
Furthermore, the probability of no available C_RNTI can be significantly reduced if the network implements a strategy of C-RNTI re-assignment in case a C-RNTI shortage would be eminent for some preamble values (see appendix 2).

In figure 3 of appendix 2, if we fix ns= 6 in slolution D, we can see:

- with the typical cell load that there are 1342 connected UE's per cell, the probability of C-RNTI unavailability is only 5E-4 and the probability of C-RNTI re-assignment is 4E-3.

- when high system load happens, for example, 9583 connect UE's per cell, the probability of C-RNTI unavailability is about 1% and the probability of C-RNTI re-assignment is almost 1(it should be noted that with some more optimized C-RNTI re-asignment algorithm, the probability of C-RNTI unavailability can be further reduced.). But it could be assumed that such high system load would happen very infrequently, so it could be assumed that the probability for such high signalling overhead for C-RNTI re-assignment would not be too much.
5. Conclusion
In this contribution, different options for C-RNTI assignment in RACH message 2 have been compared. According to the calculation and statistical simulation results provided in this contribution, we can see that in typical cell load situations, Option D provides the highest signaling efficiency gain oever other options.
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Appendix 1: 
Equation for calculation on the collision probability for Posson distributed random access:
The collision probability Prcollision for Poisson distributed random access can be given as below: 
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Where, λ is the random access arriving rate, ppoisson(k, λ) is the Poisson probability that there are k random accesses in one RACH occasion with arriving rate λ, and pcollision(k) is the collision probability that there are k random accesses in one RACH occasion.

Considering there are 64 preamble signatures available for transmission on PRACH, we can calculate pcollision(k) as below:

pcollision(0) = 0;

pcollision(1) = 0;

pcollision(2) = 1- 63/64;

pcollision(3) = 1- (63/64)*(62/64);

pcollision(4) = 1 - (63/64)*(62/64)*(61/64);

... ...
pcollision(k) = 1 - (63/64)*(62/64)*…*((64-k+1)/64)
Appendix 2: 
A Strategy of C-RNTI re-assignment in case of a case a C-RNTI shortage would be eminent for some preamble values:
· Each time network detected a random access preamble, it will signal the C-RNTI assignment in message 2 with ns bits;

· If the above assignment assigns the last free C-RNTI in the sub-space limited by C-RNTI0 and preamble ID, network will sends another additional signalling to re-assign another C-RNTI outside the space limited by C-RNTI0 after the transmission of message 2. Then the pre-assigned C-RNTI in message 2 has been freed for another assignment. For example:

· If n0 =4, Preamble ID is 101001, then the 16 bits C-RNTI assigned in message 2 would be:

0000 (4 bits) + 101001 (Pramble ID, 6 bits) + 6 bits assignments in message 2

· If the above assigned C-RNTI is the last freed C-RNTI in the space {0000101001000000, …, 0000101001111111}, then network will re-asign another C-RNTI outside the space to free the previously assigned C-RNTI in message 2. 

With the given algorithm, simulation has been performed on the probability (P_fail) that a UE cannot get an available C-RNTI assignment after transmission message 1 and the probability (P_additional_signaling) that network needs to re-assign a C-RNTI after the C-RNTI assignment in message 2. The simulation results are given in Figure 3.
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Figure 3: Proability that UE cannot get an available C-RNTI and Probability that network needs to re-assign another C-RNTI after the CRNTI assignment in message 2 with option D
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