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1 Introduction
In previous RAN2 LTE Ad Hoc meeting in Cannes, a method of implicit UE radio identity assignment based on the UE selected preamble sequence, RACH channel and RACH instance (Sub-frame number) is proposed [1]. The increase number of total C-RNTIs (code domains) due to the proposed method was questioned. In this contribution, we analyse the required total number of C-RNTIs for implicit ID assignment during (initial) RACH access. 

The analysis concludes that the required number of C-RNTIs for implicit ID assignment is in the range of 0.098 to1.56% in a practical scenario. We show that even though it is necessary to reserve 0.098-1.56% C-RNTIs for the use of implicit ID assignment, this does not result in increase in the size of the C-RNTI (number of bits allocated for C-RNTI), hence no effective increase in C-RNTI ID space.
2   Discussion
In the proposed [1] implicit ID assignment scheme, by selecting a preamble and transmitting this on a particular RACH channel, the UE has effectively also selected a C-RNTI from a pool of reserved C-RNTIs and has conveyed this selection to the eNode-B.  There is therefore a set of C-RNTIs (which constitutes a sub-set of the cells total C-RNTI space) that is linked to (initial) RACH access and the C-RNTIs contained within it are reserved by the eNode-B specifically for this purpose.  

After using the C-RNTI, which is implicitly associated with the selected preamble, RACH channel and RACH instance (Sub-frame number) for initial shared channel communications, it is envisaged that the Node-B would, within a short period of time, explicitly assign a more permanent C-RNTI to the UE such that the C-RNTI originally selected can be released and used by other UEs for initial access.  Thus, a UE would occupy an implicit C-RNTI only for a short period of time until the eNode-B reassigns a more permanent C-RNTI.  This is termed here the implicit ID lifespan.  During this period of time, it is necessary to prevent other UEs from selecting the same temporary C-RNTI.
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Figure 1: an illustration of implicit ID lifespan.
It is assumed that “L” random access instances are available within an implicit ID lifespan. In each access instance there may also be NRACH separate RACH channels defined in the time/freq resource space.  Similar to the selection of preamble, RACH channel selection is also a function performed by the UE.  
Thus, to reduce the collision probability we propose that the implicit C-RNTI used for initial access is a function of:

1. the preamble selected – p = 0…(P-1)
2. the RACH channel used – n = 0…(NRACH-1)
3. the time instant of transmission within the lifespan – t = 0…(L-1)
The total number of C-RNTIs to be reserved for the use of initial access is also a function of L, P and NRACH. The exact mathematic function should be defined to fulfil the probability of collision requirement. If one-to-one mapping between product signature sequence, RACH channel, RACH instance within implicit ID lifespan) and implicit C-RNTI is assumed, the total number of C-RNTIs required being reserved for initial access equals L×P×NRACH.  
Calculation of the implicit ID lifespan

The implicit ID lifespan equals the time between the instance when the preamble is selected by the UE and the instance a permanent C-RNTI is allocated by the eNodeB. Therefore the implicit ID lifespan depends on when the permanent C-RNTI is allocated. Figure 2 and Figure 3 shows the allocation of C-RNTI after admission control is performed. In Figure 2, signalling flow involved in “one step” approach is outlined while “two step” approach is shown in Figure 3.


[image: image2]
Figure 2: signalling flow involved in “one step” approach.

Note that for comparison reason, the delay values given in [3] are used. 

The implicit ID lifespan according to the “one step” approach equals t2 – t0, which is less than 30 ms.


[image: image3]
Figure 3: signalling flow involved in “two step” approach.
According to the “two step” approach, the implicit ID lifespan equals t3 – t0, which is in the order of 30 ms. Note that the permanent C-RNTI can also be allocated before the admission control is performed, hence reduce the implicit ID lifespan if necessary. Therefore, the value in the order of 30 ms can be taken as the worst case scenario.
Numerical analysis of maximum number of C-RNTIs 

Assume that 16 signatures are available per each slot and one RACH access slot is provided every 10 ms. As shown in [2], the probability of collision seen on RACH access with these settings is 5e-6.

Also assume the implicit ID lifespan is in the order of 30 ms (the worst case scenario). This results in maximum of 4 RACH instances within an implicit ID lifespan. Hence the maximum number of C-RNTIs required to be reserved for implicit ID assignment is L×P×NRACH= 4×16×1= 64.  
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Figure 4: illustration of implicit ID lifespan.
Table 1 lists the total number of C-RNTIs to be reserved for the use of RACH access. It also shows the reserved number of C-RNTIs as a percentage of the total number of C-RNTIs for different C-RNTI sizes (varying from 12 bits to 16 bits).

Table 1: Reserved C-RNTIs for implicit ID assignment as a percentage of the total number of C-RNTIs.
	Number of bits in C-RNTI
	12
	14
	16

	Total number of C-RNTIs
	4096
	16384
	65536

	Total number of reserved C-RNTIs for implicit ID assignment
	64
	64
	64

	Percentage increase
	1.56%
	0.39%
	0.098%


The table concludes that the percentage increase of number of C-RNTI due to the reserved C-RNTIs for implicit ID assignment is in the range of 0.098 – 1.56%.
In other words, the C-RNTIs ID space can be reduced by a 0.098- 1.56% if explicit C-RNTI assignment is employed. However, what is important is that how this reduction in ID space would be translated into number of bits in binary code domain. As C-RNTI is represented as a binary number, only an integer number of bits can considered to be reduced. If one bit is saved this translates to 50% saving in ID space. If two bits are saved this means 75% saving in ID space, so on. Any thing less than 50% saving in ID space actually mean zero bit saving in binary code domain. 
Conclusion: no increase in the size of the C-RNTI (the number of bits) due to the use of implicit C-RNTI assignment during random access, hence no effective increase in C-RNTI ID space.
2 Conclusion
We analysis the number of C-RNTI needs to be reserved for the use of implicit C-RNTI assignment during the initial RACH access. The analysis shows that number of C-RNTIs needed to be reserved for the implicit ID assignment is in the range of 0.098-1.56% in the worst case scenario. Other words, the C-RNTIs ID space can be reduced by a 0.098- 1.56% if explicit C-RNTI assignment is employed. However, this saving in ID space translates as zero bit saving (no saving) in binary code domain. Hence, we can conclude that no effective increase in the size of the C-RNTI (the number of bits), hence no effective increase in C-RNTI ID space due to the use of implicit C-RNTI assignment during random access. 
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