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Discussion
There can be various kinds of discovery messages, used for different purposes:

1) Discovery messages used for D13 type of applications (based on operator controlled interpretation of a code advertised by a certain UE.

2) Discovery messages used by a Relay to advertise itself

3) Targeted discovery messages used to discovery and perhaps mutually authenticate devices which do not share a secret a priori.

This paper discusses the possible size of the discovery related information required for these cases. The approach taken is to take examples of existing information of the kind we want to use for ProSe purposes, wherever possible, so as to base discussion on concrete grounds/ information and not just on "educated guesses".
Solution D13 case
Solution D13 in TR 23.703 is based on the broadcasting by an announcing UE of a ProSe Code which is structured in this way:

The ProSe_Code is the bit-stream that is actually announced/monitored on the radio interface by a UE engaged in the ProSe discovery procedure.
Each ProSe_Code is composed of the following parts:

i.
A PLMN specific part, i.e. Mobile Country Code (MCC) and Mobile Network Code (MNC), and

ii.
the ProSe_Server_ID of ProSe Server that has allocated the ProSe_Code, and

iii.
a temporary UE identifier (unique within the ProSe Server that has allocated the ProSe_Code), and

iv.
the App_ID.

The App_ID is so that a first part is used to perform a partial match by monitoring UEs, (and it may be structured according to a hierarchy so that tree like structures can be implemented), and then a second part, which here we refer to as a "leaf code", that is used then for the network to implement some service logic in cooperation with application servers, in operator controlled fashion.
As part of the solution D13 description it is stated:

"Each service is identified by an Application Identifier (App_ID). Each App_ID is globally unique and unambiguously identifies a service across the 3GPP PLMNs.

NOTE 1:
Some business services may be effectively described by a data structure; an example could be a tree data structure characterized by different levels/tiers e.g., broad-level business category (tier0) / business sub-category (tier1) / business name (tier2) / shop ID (tier3). Each node of the tree has associated a different App_ID that is built appending a new piece of identifier (specific to that node) to the App_ID inherited by the predecessor node: this allows partial matching at the UE side reflecting application-specified interests, making more effective and flexible the filtering of the received ProSe_Codes in a monitoring UE."

This Tree like structure is possibly to be maintained by a certain registration authority to be identified (possibly GSMA?). It may also be relevant to understand whether there needs to be the possibility to allow for multiple hierarchies to be maintained by multiple registration authorities, so as not to create a needless monopoly which of course as usual attracts political issues (e.g. which country or entity should hold this registry? Does everyone agree that registry X is all what we need?).

In order to conduct this analysis, we assume a first field uniquely identifying a registry of codes, then a tier 1 field identifying a broad business/entity of interest category (e.g. restaurants, financial institutions, airlines..), then a second tier for specific business types/product types (Italian, thai, Indian, insurance, bank, or pizza,  shoes, …), then another tier for specific business names (like Burger King, Chipotle, Pizza express), and one for shop IDs.

In the interest of keeping the name space future proof, some form of allocation of excess capacity is in order.

So, for instance, it would be prudent to allow a space for registries in excess of the country codes + top level domains.

As of May 1, 2008, the United Nations has 192 official members, Most of the current World Almanacs use 193 countries, The US State Department recognizes 194.

So we should assume we have to allow for at least about 200 CC-related hierarchies. 
There are also about 19 TLDs today and 3 from US (.gov, .mil, .edu).

So we should think that we may want to allow, to be future proof, another 30 or so TLDs
So with just the existing TLDs we reach figures in excess of 220. For future proofing, we may want to conside to allow a one order of magnitude growth? That would take us in requiring a space of 2K registries. That requires about 11 bits.
CONCLUSION 1: future proof Registry identification requires 11 bits
For the identification of the broad types of business, we have to consider for instance existing classifications.

Exampleas are 

http://en.wikipedia.org/wiki/North_American_Industry_Classification_System
uses a 6 decimal digits code

"The North American Industry Classification System or NAICS (pronounced "nakes"[1]) is used by business and government to classify business establishments according to type of economic activity (process of production) in Canada, Mexico, and the United States of America. 

The NAICS numbering system employs six-digit code at the most detailed industry level. The first five digits are generally (although not always strictly) the same in all three countries. The first two digits designate the largest business sector, the third digit designates the subsector, the fourth digit designates the industry group, the fifth digit designates the NAICS industries, and the sixth digit designates the national industries."
The Thomson reuters business classification, http://en.wikipedia.org/wiki/Thomson_Reuters_Business_Classification , uses a 8 decimal digits hierarchy. E.g. some excerpt:
	Economic sector
	Business sector
	Industry group
	Industry

	53 Cyclical Consumer Goods & Services
	5310 Automobiles & Auto Parts
	531010 Automobiles & Auto Parts
	53101010 Auto & Truck Manufacturers

	
	
	
	53101020 Auto, Truck & Motorcycle Parts

	
	
	
	53101030 Tires & Rubber Products

	
	5320 Cyclical Consumer Products
	532020 Textiles & Apparel
	53202010 Textiles & Leather Goods

	
	
	
	53202020 Apparel & Accessories

	
	
	
	53202030 Footwear

	
	
	532030 Homebuilding & Construction Supplies
	53203010 Homebuilding

	
	
	
	53203020 Construction Supplies & Fittings

	
	
	532040 Household Goods
	53204020 Consumer Electronics

	
	
	
	53204030 Appliances, Tools & Housewares

	
	
	
	53204040 Home Furnishing

	
	
	532050 Leisure Products
	53205010 Toys & Games

	
	
	
	53205020 Recreational Products

	
	5330 Cyclical Consumer Services
	533010 Hotels & Entertainment Services
	53301010 Hotels, Motels & Cruiselines

	
	
	
	53301020 Restaurants

	
	
	
	53301030 Casinos & Gaming

	
	
	
	53301040 Leisure & Recreation

	
	
	533020 Media & Publishing
	53302010 Advertising & Marketing

	
	
	
	53302020 Broadcasting

	
	
	
	53302030 Entertainment Production

	
	
	
	53302040 Publishing

	
	
	
	53302090 Diversified Media

	
	5340 Retailers
	534020 Diversified Retail
	53402010 Department Stores

	
	
	
	53402020 Discount Stores

	
	
	534030 Specialty Retailers
	53403010 Auto Vehicles, Parts & Service Retailers

	
	
	
	53403020 Home Improvement Products & Services Retailers

	
	
	
	53403030 Home Furnishings Retailers

	
	
	
	53403090 Other Specialty Retailers

	
	
	
	53403040 Apparel & Accessories Retailers

	
	
	
	53403050 Computer & Electronics Retailers

	54 Non-Cyclical Consumer Goods & Services
	5410 Food & Beverages
	541010 Beverages
	54101010 Brewers

	
	
	
	54101020 Distillers & Wineries

	
	
	
	54101030 Non-Alcoholic Beverages

	
	
	541020 Food & Tobacco
	54102010 Fishing & Farming

	
	
	
	54102020 Food Processing

	
	
	
	54102030 Tobacco

	
	5420 Personal & Household Products & Services
	542010 Personal & Household Products & Services
	54201010 Household Products

	
	
	
	54201020 Personal Products

	
	
	
	54201030 Personal Services

	
	5430 Food & Drug Retailing
	543010 Food & Drug Retailing
	54301010 Drug Retailers

	
	
	
	54301020 Food Distribution & Convenience Stores

	55 Financials
	5510 Banking & Investment Services
	551010 Banking Services
	55101010 Banks

	
	
	
	55101030 Consumer Financial Services

	
	
	
	55101050 Specialty Financials

	
	
	551020 Investment Banking & Investment Services
	55102010 Investment Banking & Brokerage Services

	
	
	
	55102020 Investment Management & Fund Operators

	
	
	
	55102030 Diversified Investment Services

	
	
	
	55102040 Specialty Investment Services

	
	
	
	55102050 Financial & Commodity Market Operators

	
	
	551030 Diversified Financial Services
	55103010 Diversified Financial Services

	
	5530 Insurance
	553010 Insurance
	55301010 Multiline Insurance

	
	
	
	55301020 Property & Casualty Insurance

	
	
	
	55301030 Life & Health Insurance

	
	
	
	55301050 Reinsurance

	
	
	
	55301060 Insurance Brokers

	
	5540 Real Estate
	554020 Real Estate Operations
	55402010 Real Estate Development & Operations

	
	
	
	55402020 Real Estate Services

	
	
	554030 Residential & Commercial REITs
	55403010 Diversified REITs

	
	
	
	55403020 Commercial REITs

	
	
	
	55403030 Residential REITs

	
	5550 Investment Trusts
	555010 Investment Trusts
	55501010 Investment Trusts

	56 Healthcare
	5610 Healthcare Services
	561010 Healthcare Equipment & Supplies
	56101010 Advanced Medical Equipment

	
	
	
	56101020 Medical Equipment, Supplies & Distribution

	
	
	561020 Healthcare Providers & Services
	56102010 Healthcare Facilities & Services

	
	
	
	56102020 Managed Healthcare

	
	5620 Pharmaceuticals & Medical Research
	562010 Pharmaceuticals
	56201010 Diversified Pharmaceuticals

	
	
	
	56201030 Generic & Specialty Pharmaceuticals

	
	
	562020 Biotechnology & Medical Research
	56202010 Biotechnology & Medical Research

	57 Technology
	5710 Technology Equipment
	571010 Semiconductors & Semiconductor Equipment
	57101010 Semiconductors

	
	
	
	57101020 Semiconductor Equipment & Testing

	
	
	571020 Communications Equipment
	57102010 Communications Equipment

	
	
	571030 Communications & Office Equipment
	57103010 Computer Hardware

	
	
	
	57103020 Office Equipment

	
	5720 Software & IT Services
	572010 Software & IT Services
	57201010 IT Services & Consulting

	
	
	
	57201020 Software

	58 Telecommunications Services
	5810 Telecommunications Services
	581010 Telecommunications Services
	58101010 Integrated Telecommunications Services

	
	
	
	58101020 Wireless Telecommunications Services

	59 Utilities
	5910 Utilities
	591010 Electric Utilities
	59101010 Electric Utilities

	
	
	591020 Natural Gas Utilities
	59102010 Natural Gas Utilities

	
	
	591030 Water & Other Utilities
	59103010 Water & Other Utilities

	
	
	591040 Multiline Utilities
	59104010 Multiline Utilities


So, it seems we have models out there we can rely upon for assessing the length of the information needed for broad business classification. Since existing classifications of businesses seem to attract up to 8 decimal digits, to be conservative in our design we could allow for 2 order of magnitude more. That makes a 10 decimal digits space. This means allowing from 1 up to 9.999.999.999 which means broadly speaking a 34 bits space  (if we do not encode each decimal digit and we just conver the value of the number decimally encoded to a binary value encoding, otherwise we would need 40 binary digits at least to encode 10 decimal digits)
CONCLUSION 2: Business identification requires 34 to 40 bits
Regarding products classifications (the result of these activities a user may be interested in), we have existing classifications like the United Nations CPC (Central products classification) which takes currently 6 decimal digits.
http://unstats.un.org/unsd/cr/registry/cpc-2.asp
To be future proof we need again to allow for expansion and reach maybe 8 decimal digits
This means allowing product code from 1 to 99.999.999 or a 24 bits space (if we did encode each digit we would need 32 bits space at least)
CONCLUSION 3: Product identification requires 24 to 32 bits bits
For business names, by inspecting businesses directories like e.g. http://www.manta.com/mb,  " For all U.S. Companies

Manta has 32,985,414 companies categorized under approx. 25,000 categories and 33,000 U.S. cities and towns."

As we inspect some categories, we see there are some counting in excess of 2M Companies.

This is to say within each business type and product category we may have millions of businesses in USA alone. 

To be conservative we could have to consider allowing for about 100 M businesses worldwide providing a given service or product. (We have to consider the fact that we have to probably allow for a much greater space as companies are also created and wound up frequently).
So this gives a need of about 100M company names per category (so a company may appear under different branches of the tree). If we consider that companies may turnover (i.e. created and closed or change name etc) then the space may actually be greater and we could look at figures like 1B. If we go for 1B possible companies in the company specific tree, then we need approximately 30 Bits code space.
CONCLUSION 4: company name identification requires about 30 bits
If we want to identify the shop ID of a business, we may consider certain businesses have tens of thousands of outlets. E.g McDonalds McDonald's operates over 33,000 restaurants worldwide, employing more than 1.7 million people.. so to be conservative we need to allow for up to 100K shop ID's. this is to say about 17 Bits.
CONCLUSION 5: Shop Identification requires 30 bits
So, considering a structure like:
Registry ->business type -> business product .> company name ->shop ID +leaf code we have a total bit count which could be:

11+34+24+30+17 +leaf code length = 116 bits + leaf code length .

In reality normally fields of a tree are better coded aligned to at least 4 bits, so the more likely encoding would be:

12+36+24+32+20 + leaf code = 124 bits +leaf code.

If we used a decimal digit encoding of 4 bits we would have:
12+40+32+32+20 +leaf code length = 136 +leaf code length

The length of a leaf code may be determined by the number of promotions in place for a certain company or number of possible discovery services in place for a company at the same time, or number of devices per shop. For large organizations we can think of e.g. thousands of possible services in a given shop (whether for the public or not), so maybe we can need a space of 10 Bits at least.
Again, aligning to the nearest multiple of 4, we would have 12 bits for the leaf code.
So in total about 136/148 bits are conceivably needed for the App_ID described in solution D13, assuming the hierarchy outlined above and depending on encoding choices. Of course this assumes that no extra hierarchical level is needed and that no extra future-proof expansion space bits are allowed.

CONCLUSION 6: The App_ID in solution D13 requires between 136 and 148 bits
In addition , the advertised "Prose Code" used in solution D13 is encompassing the following information:

Each ProSe_Code is composed of the following parts:

i.    A PLMN specific part, i.e. Mobile Country Code (MCC) and Mobile Network Code (MNC), and

ii.   the ProSe_Server_ID of ProSe Server that has allocated the ProSe_Code, and

iii.  a temporary UE identifier (unique within the ProSe Server that has allocated the ProSe_Code), and

iv.  the App_ID.

NOTE 1:   Even though the App_ID is announced over the air as a part of the ProSe_Code, the user's privacy is not threatened because the user's identity remains hidden behind the ProSe_Code.

So, in addition to the App_ID length, we need to consider the other parts:

i. MCC+MNC = 6 decimal digits = 24 bits
ii. Prose Server ID: if it is a FQDN then we need up to 255 octets, or 2040 bits, if it is an ID inside an operator, then conceivably it can be a smaller number, e.g. similar to an MME identifier

<MME Identifier> = <MME Group ID><MME Code>

MME Group ID shall be of 16 bits length.

MME Code shall be of 8 bits length.

So we may consider a 24 bits identifier for the ProSe server if it is something to be used inside a PLMN.

iii. Temporary UE ID = ProSe ID, should be up to 15 digits long to be uniform with the IMSI, so we can consider we need about 60 bits.
So this adds up to a figure ranging between between  108 and >2Kbit
CONCLUSION 7: additional Prose Code fields require between 108 and >2Kbits
So, to conclude, the prose code length in solution D13 can be in a length range between 244 and >2.1Kbit
CONCLUSION 8: Prose code for D13 solution may require a minimum of 244/256 bits up to a few thousand bits
RELAYS case:

For discovery messages used by UE-to-Network relays to advertise themselves, we assume that the following information may be required:

1) The prose application ID

2) The ProSe ID or the Application layer user ID of the relay

3) The value of the APNs supported for the specific prose application ID

4) The CELL ID of the serving cell may also be useful 
5) Possibly, the value of the PLMN ID the relay is currently using

6) Possibly, some security material

7) Some status flags representing e.g. whether the relay is temporarily without connectivity and maybe some cause codes for the status

8) Some attributes e.g. stating a UE can act as a relay and of so of which type

The ProSe application ID could be a domain name, like <label>.<TLD>,or, be format compatible with a SSID, so it can be up to 255 Octets long (or 2040 bits)  if it is a domain name, or 32 octets long (i.e. 256 bits) if it is compatible with a SSID. 
CONCLUSION 9: ProSe application Id identification requires  between 256 bits and 2Kbits
The ProSe UE ID is a globally unique value, so it may be set to a combination of MCC/MNC+a free-format bit string. If this format was chosen then the PLMN ID at point 5) is not necessary. Since in a PLMN there could be as many subscribers as allowed by the IMSI space, it is prudent to assume the ProSe Id is at least 60 bits long (current stored value length including MCC+MNC is 64 bits). As a minimum we should allow 15 decimal digits which are indeed 60 bits over the air but normally stored values are rounded up to a multiple of 8.
CONCLUSION 10: ProSe UE ID requires up to 60 Bits
The ALU ID should be of the format of a NAI (Username@domain). This is a composition of a FQDN and a label or sequence of labels representing a user name. RFC 4282 specifies that 
" Devices handling NAIs MUST support an NAI length of at least 72

   octets.  Support for an NAI length of 253 octets is RECOMMENDED.

"

So we should assume a NAI between  576 bits and  (worst case)  about 2000 bits. 

CONCLUSION 11: ALUID requires up to between up to 576 bits or up to 2Kbit 
An APN value is defined in 23.003 and we shall select the APN FQDN format. The limit of a FQDN is 255 octets or 2040 bits. If the APN is encoded with an index on a table of possible APN's available via relays, the index may provide a shortcut. The index may be e.g. 2 Octets?
CONCLUSION 12: APN requires up to between 2 octets and up to about 2Kbit 
The ECGI is defined in 23.003 as
"The E-UTRAN Cell Global Identification (ECGI) shall be composed of the concatenation of the PLMN Identifier (PLMN-Id) and the E-UTRAN Cell Identity (ECI) as shown in figure 19.6.1 and shall be globally unique:
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Figure 19.6.1: Structure of E-UTRAN Cell Global Identification

The ECI shall be of fixed length of 28 bits and shall be coded using full hexadecimal representation. The exact coding of the ECI is the responsibility of each PLMN operator.
For more details on ECI and ECGI, see 3GPP TS 36.413 [84]."

So it can be 48/52 bits long depending on MNC length.

CONCLUSION 13: ECGI requires between 48 and 52 Bits
The PLMN ID if required is up to 6 digits or 24 bits long.

CONCLUSION 14: PLMN ID requires 24 bits 
Security material is FFS but if it was a signature it may be several octets long

Status flags and attributes are to be defined fully in stage 3 but can be considered a minor part of the overall advertised message. It may include a group identifier inside the Application so that some restriction to a small groupd can be declared. The fact the UE can act as relay and of which type. Of course if some security info is required this may not be small but it is in SA3 remit
In general this shows that the total length of a advertisement of a relay can run in the several hundred octets/thousands of bits.

Considering the minimum value we will get the minimum required bits:

256+60+16+52+24+attributes, i.e.  = 408 bits+attributes if we use the ProSe UE ID as UE identifier
256+576+16+24+attributes, i.e. =  924 bits +attributes if we use the ALUID as UE identifier
CONCLUSION 15: Beacons sent by Relays may require in excess of 408 (using the ProSe UE ID ) or 924 bits information (using the ALUID) 
Targeted Discovery case

Similar considerations apply to targeted discovery messages as we have discussed for beacons for relay, so we can also conclude.

CONCLUSION 16: the content of targeted discovery message may require in excess of 400 bits  
It should be noted that the addition of security related information may impact significantly the size of targeted discovery messages.
Conclusion
It is possible to conclude that based on  a hierarchical structure Registry ->business type -> business product .> company name ->shop ID +leaf code a total bit count of minimum 244/256 bits may be required for the D13 ProSe Code, depending on decimal digits encoding.

However for other uses of discovery, including public safety use cases, several hundred bits may be required, typical figures ranging on minimum levels of about 400 and 900 bits, depending on which UE /User identification method is used.
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