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Abstract of the contribution: this contribution compares the relative merits of polling (AKA request/response) vs advertisement methods for discovery
Discussion

In this paper we compare the relative performance of polling based methods to discovery (targeted and non targeted) and advertisement based methods. This is based just on comparing the number of messages the two approaches would require and not focus on length of any such messages as the processing is related more to number of messages than their length.
In a polling based method, a UE that activated discovery sends out a probe message (AKA discovery request) targeting UE's supporting a specific applications via inclusion in the message of an Application ID (targeted discovery case), or any UE in proximity (non targeted discovery case).

The advantage of a targeted request is that only responses from a subset of all possible proximal UE's are solicited, while with non targeted request the responses will come from all UE's in proximity which participate in non targeted discovery approach..

In a advertisement based approach, it is assumed the UE advertises itself either with an application neutral identity (prose UE ID?) or with an application specific Identity (e.g. Prose UE ID + Prose application Id)
Computing the number of messages

Let us consider a case where there are M devices in proximity of one another(M >= 2), each supporting N applications with an application match rate r (0 <= r <= 1) and each application triggering on average a discovery procedure every T seconds, then we have for a targeted discovery request the following number of messages per second:

Total messages targeted discovery per second = M*[N/T+(M-1)*N*r/T] = NM/T[ 1+(M-1)r]
If discovery was based on advertisement, with each application in each UE sending out an application specific code every S second, the total number of messages sent per second would be:

Total announcements per second = M*N/S

So targeted discovery is optimal when NM[1+(M-1)r]/T < NM/S, or, when 

Let us now consider applications that are present in every UE and every UE is activating ProSe discovery (ideal prose application case for advertisement case, as match is a safe bet so the value of advertisement is the highest), then r = 1 so we have that the condition S < T/M implies targeted discovery approach is better when S <  T/M, that is when the advertisement interval is smaller than the inter-arrival of discovery events divided by the number of devices. Since in practice discovery is a function that can be used on user demand, T may really be larger than S, which makes in general the targeted approach better when the population of devices in proximity is not too big.

We have also the obvious result that as the frequency of announcements is lowered (S increases) then advertisement approach is becoming less costly, however this comes at the cost of latency which in turn may cause some proximity opportunities to be missed.

It is then clear that if r gets smaller the advantage of advertisement is certainly not going to improve all things being equal (the denominator of T/[1+(M-1)r] gets smaller an ultimately would equal 1 in worst case where r=0). So, when the applications are not widespread in terminals, or, which is similar, the likelihood of finding an application match is low, then targeted approach is also superior.
These considerations in fact hold:
If r is close to  0 (that is low likelihood of application match) and T >S (discovery events happen less frequently that the advertisement period) then the number of messages per second of targeted request are normally smaller.

Also, we have the obvious result that as the % of matches tend to increase, the responses to discovery requests increase, thus driving the efficiency of targeted discovery lower. 
We have then to compare the situation where we use a non targeted discovery where the discoverer sends out a single message for all applications and the discovered UE's responds with a single message if they want to be discovered in non targeted mode. This opposed to a single announcement by a UE.

Let us assume again that 1/T is the frequency of discovery events and 1/S the number of announcements. Let r' be the rate of participation in non targeted discovery from receivers of non targeted discovery requests (0 <= r' <= 1).
Total messages non targeted discovery per second = M[1/T+(M-1)/T*r'] = M*[(1+(M-1)r']/T

If open discovery was based on advertisement, with each device sending out an application specific code every S second, the total number of messages sent per second would be:

Total announcements per second = M/S

So targeted discovery is optimal when [1+(M-1)r']/T < 1/S, or, when S< T/[1+(M-1)r'] so we have the same result as discussed above where r is replaced by r' (r is representing application match and activation of prose targeted discovery, r' represent participation in non targeted discovery, i.e. the average rate of response to non targeted discovery requests out of the overall UE population)
Additional considerations

In principle we could also consider a two way handshake with an additional ACK from the source of the targeted discovery request so for instance mutual authentication with replay protection can happen (challenge based approach)

In this case 
Total messages targeted discovery per second = M*[N/T+2*(M-1)*N*r/T] = M*N[(1+2(M-1)r)/T

 So polling is better than advertisement under the condition S<T/[1+2(M-1)r] which again would be subject to similar considerations as in the case above

There is also the case where one UE only out of M needs to be discovered using targeted discovery(e.g. it is the only relay which would otherwise advertise itself every S second), and assuming T is the inter-arrival of discovery attempts by devices using a targeted discovery request for just one application and r is the application match rate:
Using targeted approach, assuming that there is no special optimization so all devices matching the application reply:
Total messages targeted discovery per second (M-1) [1 /T + (M-1)/T*r] = 1/T (M-1)*[1+(M-1)r]
Which means, assuming 1/S adverts per second in advertisement approach:

So, this mean that the targeted approach is better when 1/T*{(M-1)*[1+(M-1)r]} <1/S, i.e. when  S< T/{(M-1)*[1+(M-1)r]}.
So, let us consider r=1 (the worst case for targeted approach as there is always a response if the targeted request is received):

S < T/[M(M-1)] is the condition for more efficient targeted approach. Which means that if the discovery requests are rare (T>>S) it takes a significant number of devices M before the advertisement approach is better.

Let us consider also an optimization where e.g. relays only are allowed to respond (i.e. by means of a flag in the request?) then we have this total message count:

Then we have this total number of messages per second: (M-1) (1/T+r/T) = (M-1) *(1+r)/T. this means that the condition is: 

(M-1) *(1+r)/T < 1/S , i.e.  S<T/[(M-1)(1+r)]
For r=1 (worst case for targeted request)

Polling for relays every T seconds is better than advertisement from a relay every S second if S<T/[2(M-1)]

This shows that if devices discover e.g. relay with low frequency (e.g. the discovery is on application demand or user demand only rather than an automatic scan always on and once they have found it they are not likely to repeat the attempt until connectivity is lost – so practically T can be in the order of minutes or longer, while S should be in the order of few seconds) again the advertisement approach is inefficient for small populations of UEs, as it would be justified only by very large populations of participating devices with a high rate of applications match. However, since for some situations the advertisement approach may be better, we cannot rule it out. This is particular in the case where S = T (e.g. in applications that want to refresh the neighbour list with same frequency as an advertisement method.
Conclusion
Based on the discussion above it is proposed that while the polling approach may be more efficient in a large number of cases, there may be particular applications benefiting from an advertisement approach, so both should be allowed.
Proposed changes to 23.703

8
Conclusions

Editor’s Note: The clause will capture agreed conclusions from the Key Issues and Architecture Solutions clauses. 

8.x
Conclusions for ProSe Discovery

 - Discovery procedures shall be defined for both an advertisement and a request/response based methods (polling) 
>>>End of Changes<<<<
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