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1/ Introduction

In June Rel’6 ad hoc in Cannes, it was decided that position randomization in R1-040713 can be used to relief false alarm problem in layer 1 and details of NIs mapping to be concluded at RAN1#38.

This paper discusses the issue further and proposes the mapping of NI.

2/ Discussion

2.1. Summary of RAN2 requirement
Requirement1: In [2], RAN2 propose to keep the TMGI size as limited as possible since TMGI will be broadcast frequently to inform UEs entering a cell about the MBMS services for which a session is ongoing and transmission is possible/ongoing in this cell. For this reason, RAN2 assumes that it will specify a TMGI coding on the Uu which will remove the need to signal the MCC/MNC in most cases. Also, RAN2 propose to limit 2-octet (16-bit) for MBMS service-ID. So it is expected that the input to the Layer 1 hashing function should not be larger than a 3-octet (24bit) number.  

2.2 Summary of Qualcomm proposal [3]:

Proposal:

First, Service mask 
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Secondly, position of indicator in a MICH frame with SFN is identified as   
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Equation 1: mapping function in [3]
Where G = 216, and prime
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, 
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is total number of indicators in a MICH frame. For backward compatibility, 
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=18/36/72/144.
Advantages:

Since position of indicator of a service in MICH frame is randomized as SFN changes, The more often UE read the MICH, the more accurately it can detect the notification of the service it is interested in. Normally, a modification period is expected to be equal the longest Rel’99 DRX cycle (5.12 sec). If a UE has a short Rel’99 DRX cycle, it may receive several MICH frames at the same time as PICH and thus reduce the false alarm.       
2.3 A new simple hashing function
While it can be agreed that performance of Qualcomm proposal in [3] is close to a complete randomization scheme, there is a question on the necessity of having rather complex formula to calculate position of NI in a MICH frame.

We propose the following simple hashing function 
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Equation 2: new mapping function

Where unnecessary entities such as
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, and associated masking, multiplication and mod operations are removed. The SFN+1 is used to avoid the case where SFN=0.

The simulation result in Table 1 comparing the performance of existing and new hashing functions shows that performance of new function is comparable at low false alarm rate and better at high alarm rate. Note that results for existing function are inline with that in [3].
Table 1: False alarm probability when Existing [3]/New hashing function is used.
	Np=144

Nsubs=10

Nsamples=5
	Nactive
	7
	14
	29
	43

	
	Existing function
	0.33
	1.28
	8.12
	23.96

	
	New function
	0.54
	1.34
	6.77
	20.32

	Nsubs=10

Nsamples=5
Nactive=7
	Np
	114
	72
	36
	18

	
	Existing function
	0.33
	1.11
	7.65
	53.30

	
	New function
	0.54
	1.21
	6.16
	45.27

	Np=36

Nsubs=10

Nactive=7
	Nsamples
	3
	4
	5
	6

	
	Existing function
	91.39
	25.18
	7.65
	2.49

	
	New function
	82.33
	20.42
	6.16
	2.64

	Np=72
Nsamples=4

Nactive=7
	Nsubs
	4
	7
	10
	13

	
	Existing function
	2.37
	4.92
	7.52
	10.01

	
	New function
	1.92
	3.67
	5.48
	7.48


2.4 An improved simple hashing function
With regard to the existing mapping function, many indicators in an MICH frame will correspond to OFF (or 0) if the number of active services is much lower than Np. Though it is not clear at the moment what would be the expected number of services being notified at a time, if Np =144 or 72, then this would usually be the case since the number of active services is limited due to constrained signaling load on MCCH. Therefore, a notification scheme exploiting this redundancy (corresponding to OFF positions) to improve the false alarm would be desirable. Note that, with existing function, only one way for UE to improve detection reliability is to read more MICH frames. 
In the improved hashing function as shown in Equation 3 below, a TMGI is mapped to a set of F indicators per MICH frame. The relative distance from the start of a MICH frame with SFN to each of k-th indicator is calculated as 
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Equation 3: new improved mapping function
Where F is a factor of Np (i.e. Np/F is an integer). 
Essentially, this new proposal can be seen as dividing a frame into F sub-frames, and for each sub-frame, the existing hashing function is applied with total indicators per sub-frame Np’= Np/F (see Figure 1 below). Note that if F=1, Equation 3 becomes Equation 2.
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Figure 1: Example when Nactive=2 and F=1 and F=2

The benefit of this approach can be explained using example below. 

Example: Given that UE wake up N  PICH frames during notification period to receive Rel’99 paging, UE can read up to 
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 random indicators in a sequence on MICH at the same time and thus improve detection reliability. Of course, as F increases, Np’ decreases and thus the collision within sub-frame also increases and eventually cancels out the benefit. Following table illustrates these points 
Table 2: False alarm probability for different F (Np=36, Nsubs=10, Nsamples=4, Nactive=7).
	F
	1
	2
	3
	4
	6
	9

	P false %
	20.43
	3.38
	2.47
	2.76
	6.65
	40.85


From this table, performance is significantly improved at F=2 (optimal at F=3) and starts to degrade as F>4 i.e. as Pload per sub-frame exceeds 100%. 

Note that the simulation results in this section are obtained using assumptions listed in the Annex.       

Simulation results to compare performance between F=1 and F=2 are set out in Table 3 to Table 6 below.

	Nactive
	5
	10
	15
	17
	18
	19

	P false (F=1) %
	2.65
	16.87
	53.04
	73.4
	85.44
	99.52

	P false (F=2) %
	0.27
	4.57
	35.9
	63.85
	80.36
	101.26


Table 3: False alarm probability for different Nactive (Np=36, Nsubs=10, Nsamples=5,).
	Nactive
	5
	5
	15
	15
	18
	18

	Nsubs
	5
	20
	5
	20
	5
	20

	P false (F=1) %
	1.34
	5.55
	25.81
	103.61
	42.03
	172.62

	P false (F=2) %
	0.18
	0.65
	18.12
	69.27
	40.82
	157.23


Table 4: False alarm probability for different Nactive and Nsubs (Np=36, Nsamples=5,).
	Nactive
	18
	36
	72
	76

	P false (F=1) %
	1.84
	12.03
	84.83
	99.57

	P false (F=2) %
	0.38
	2.52
	73.57
	92.76


Table 5: False alarm probability for different Nactive (Np=144, Nsubs=10, Nsamples=5,).
	Nsamples
	3
	3
	3
	7
	7
	7
	10
	10
	10

	Nactive
	2
	4
	8
	10
	18
	24
	10
	18
	30

	P false (F=1) %
	7.66
	30.71
	103.55
	2.92
	21.47
	59.4
	1.1
	4.19
	35.05

	P false (F=2) %
	0.25
	2.18
	28.15
	0.64
	20.16
	99.76
	0.2
	3.21
	103.28


Table 6: False alarm probability for different Nactive & Nsamples (Np=36 & Nsubs=10).
From these tables, it can be seen that F=2 provides significant improvement in false alarm probability at small to medium signaling load 30% (signaling load is defined as Nactive/Np) the improvement decrease as signaling load increases to 50% (Nactive= Np/2). In some cases, there is no improvement or even loss at signaling load above 50%. However, in this case, the false alarm of the existing scheme has already been quite large (above 40%), which can be seen as out of useful operating region of MICH in practical scenario.

3/ Conclusion
We propose to adopt the new hashing function for MICH in section 2.3 due to its simplicity and good performance.
With new improved mapping function in section 2.4, parameter F can be configured by Network to optimize false alarm performance depending on signaling load and typical DRX cycle used in practice. We would like to recommend and have RAN1 view on this new mapping function. 
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5/ Annex - Simulation assumptions
For simulation of mapping function in Equation 1 and Equation 2, similar assumption in [3] is used and is summarized as follow. 

a) 
The simulations consist of 105 runs, each run modeling events in 
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 consecutive Rel’99 paging occasions with 
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 frames.  System time (SFN) was modeled as running between 0 and 4095 and incremented by 
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 between the first frames of two consecutive runs.
b)
TMGI is randomly chosen between 0 and 2^24-1 (see RAN2 Requirement1). 
c)
For each run, two sets of TMGIs are randomly generated. The first set,
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, consists of 
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 distinct TMGI values. It is assumed that none of these 
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 services is notified. The second set,
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, consists of 
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 distinct TMGI values, which correspond to all services being notified. 
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 and 
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 are constant within a run and have no common elements.  

d)
Within a run, collision is declared in a frame, if any possible pairs of TMGI values between 
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 and 
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 are hashed to same indicator.  The number of frames that are in collision is counted and if it is greater than or equal to 
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, the run is declared as a collision event.  

e)
Counting all the runs
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P

 is determined as the relative frequency of the collision events.  

For simulation of mapping function in Equation 3, the same assumption and set up as above but paragraph d) is modified as follows:

d) 
Within a run, collision is declared in a sub-frame, if any possible pairs of TMGI values between 
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 and 
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 are hashed to same indicator.  The number of sub-frames that are in collision is counted and if it is greater than or equal to
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, the run is declared as a collision event.
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