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1 Introduction

At RAN2#85bis, with respect to identification during ProSe Direct Communication, the following was agreed:
	Agreements
1
In case of group- and uni-cast, L2 will convert the higher layer ProSe ID address identifying the destination (UE, Group) into two bit strings of which one can be forwarded to L1 and used as L1 ID whereas the other is used as L2 destination address. 

2
For broadcast L2 can indicate to L1 that it is a broadcast transmission. As baseline RAN2 assumes that this indication is a pre-defined L1 ID in the same format as for group- and unicast.

3
RAN2 has no preference for the L1 ID size. RAN2 sees no problem providing an ID of a size as indicated in the RAN1 LS (e.g. 8 or 16).




In agreement 2 above, a “pre-defined L1 ID” for broadcast implies that the available L1 bits are not used for identification in the broadcast case. The alternative would be to use a source ID in the L1 ID for broadcast. This contribution compares alternatives on how to use the available L1 and L2 ID bits in e.g. terms of collision probability and cost.
2 Discussion
2.1 Short description

The main principle of the proposed scheme for mapping of ProSe identifiers to the MAC and PHY layer identifiers is illustrated in Figure 1.

-
The ProSe identifier (ProSe UE ID and ProSe layer 2 Group ID) will likely have an internal, hierarchical structure, such as with a PLMN ID part in order to increase uniqueness. In order to make the identifier flat before using it as input to identifiers on the MAC and PHY layer, we propose to apply a hashing function and/or scrambling function on the identifier. In this process, there is also an opportunity to shrink it, or even apply uneven hashing on the different parts (such as a harder bit reduction on the PLMN ID compared to the rest).

-
The output of the hashing/scrambling forms an intermediate identifier string, which then in turn is used to create source or destination identifiers in the MAC and PHY layer. In order to make best use of the available identifier bits, and to carry a larger total identifier, the intermediate identifier string is spread over the MAC and PHY layer source/destination identifiers (i.e. different bits are used).

[image: image1]
Figure 1. Main principle of the scheme for mapping of ProSe identifiers to MAC and PHY layer source/destination identifiers
2.2 Goals

The goals with the identification scheme for ProSe Direct Communication are several. One important aspect is for the receiver to be able to discard “uninteresting data”, not intended for the UE. In this process, the following goals should be fulfilled:
-
Reduced UE power consumption, e.g. by enabling DRX in the receiver (by identifying packets to discard already from the scheduling assignment).
-
No data shall be discarded which was actually addressed for the UE (avoid “false negatives” in the filtering process)

Another important aspect is addressing collisions, i.e. the risk of “false positives” where data which was actually intended for UE2 is detected by UE1 as addressed to itself. As observed in [1], this may cause data loss and that in the worst case unintended data is passed up to the application. The collision rate should be low enough to avoid practical issues, for instance one magnitude less than a typical block error rate target, such as 0.1%. Therefore, the following goal should be fulfilled:
-
The risk of identifier collisions should be less than 0.1%
A third important aspect is the overhead caused by the identification scheme. In [1], we state that at least for VoIP, a large L2 overhead implies less amount of space for speech bits, e.g. forcing us to use a non-preferred AMR codec mode. We can also note that depending on which security solution that is selected by SA3, the PDCP overhead may be non-negligible (i.e. several bytes). Therefore a not-to-be forgotten goal is:
-
The cost, i.e. the number of bits over air, should be reasonably small

A fourth aspect is the possibilities for future extensions. On the MAC layer, we expect that we have possibilities to reserve bits in the MAC header for future use and also to add new MAC CE elements in the future. On the physical layer (i.e. in the SA itself), bits can also be reserved but we regard them as more “expensive” than the MAC layer bits and we don’t expect flexible mechanisms as on higher layers. Examples of future extensions would be e.g. QoS, priority and/or pre-emption enhancements.
-
Possibilities for future extensions should exist

Another thing worth to mention here, though, is that, as observed in [1], there is no goal of the identification scheme for ProSe Direct Communication that the receiving UE should be, at least not on layer 2, able to actually uniquely identify the transmitting UE (e.g. in terms of ProSe UE ID or whatever) or which user that is doing a specific transmission. 
2.3 Overview of the alternatives

In this section a summary of alternative addressing schemes are given. The first alternative is the one presented in [1]. The two other alternatives are modifications of the first one, with respect to how broadcast is handled in L1 (according to what was taken as a baseline assumption at RAN2#85bis).
The table below illustrates the alternatives.
	
	SA L1 ID
	Source L2 ID
	Destination L2 ID

	
	broadcast
	unicast/groupcast
	broadcast
	unicast/groupcast
	unicast/groupcast

	Alt. 1
	Source
7 bits
	Destination 7 bits
	16 bits
	16 bits
	16 bits

	Alt. 2a
	Destination
8 bits (fixed)
	Destination 8 bits
	16 bits
	16 bits
	16 bits

	Alt. 2b
	Destination
8 bits (fixed)
	Destination 8 bits
	32 bits
	16 bits
	16 bits


Table 1: Overview of the alternatives
2.3.1 Alternative 1
For unicast and groupcast, MAC includes a 16 bit source ID and a 16 bit destination ID. In L1, the eight bit SA L1 ID contains a communication type indicator bit set to one [4] and the remaining seven bits a destination ID. The receiving UE uses these 7+16+16=39 bits to identify the receiving RLC entity. Filtering is first performed on L1 (on SA level) and then on MAC.
For broadcast, MAC includes a 16 bit source ID. In L1, the eight bit SA L1 ID contains a communication type indicator bit set to zero [4] and the remaining seven bits a source ID. The receiving UE uses these 7+16=23 bits to identify the receiving RLC entity.
2.3.2 Alternative 2a
For unicast and groupcast, MAC includes a 16 bit source ID and a 16 bit destination ID. In L1, the eight bit SA L1 ID contains a (eight bit) destination ID. The receiving UE uses these 8+16+16=40 bits to identify the receiving RLC entity. Filtering is first performed on L1 (on SA level) and then on MAC. In the SA L1 ID, one value (e.g. 0xFF) is reserved for broadcast and must not be used to identify a destination for the unicast or groupcast case. The identifier allocation and/or hashing/scrambling would need to take this into account.

For broadcast, MAC includes a 16 bit source ID. In L1, the eight bit SA L1 ID is set to a codepoint corresponding to a “broadcast identifier” (e.g. 0xFF). The receiving UE thus uses just the 16 bits in MAC to identify the receiving RLC entity.
2.3.3 Alternative 2b

For unicast and groupcast, the solution is identical to alternative 2a, i.e., 40 bits are used to identify the receiving RLC entity.
For broadcast, MAC includes a 32 bit source ID. In L1, the eight bit SA L1 ID is set to a “broadcast identifier” (e.g. 0xFF) as in alternative 2a. The receiving UE uses the 32 bits in MAC to identify the receiving RLC entity.
2.4 Results and evaluation
2.4.1 Discarding “uninteresting data” / DRX
The alternatives have similar design on MAC level, so the characteristics of the MAC filtering are the same. On layer 1, there are two differences:
-
For broadcast, alternative 1 includes a source address in the scheduling assignment while in alternative 2 a fixed broadcast destination address is used. We can note that this makes it possible (at least in theory) to, based on the sender, discard also broadcast packets in the physical layer and enabling DRX opportunities.

-
For unicast and groupcast, in the SA, eight L1 identifier bits are used in alternatives 2a and 2b while seven L1 identifier bits are used in alternative 1. This results in a slightly better DRX opportunities in alternatives 2a and 2b.
2.4.2 Identifier collision probability
In this section we present an evaluation of the alternatives for collision probability. We study different scenarios, characterized by the mix of broadcast and unicast/groupcast traffic.
In the first comparison, the scenario contains only broadcast and unicast/groupcast traffic respectively. The table below shows the number of supported users with a collision probability of at most 0.1%.
	
	Broadcast
	Unicast/Groupcast

	Alternative 1
	129
	33167

	Alternative 2a
	11
	46905

	Alternative 2b
	2931
	46905


If we instead assume we need to support 200 simultaneous users, this is the collision probability:
	
	Broadcast
	Unicast/Groupcast

	Alternative 1
	0.236945%
	0.000004%

	Alternative 2a
	26.188076%
	0.000002%

	Alternative 2b
	0.000463%
	0.000002%


In the second comparison, we change the split between broadcast and unicast/groupcast. We calculate a joint collision probability based on the share of broadcast traffic.
	Share of traffic is broadcast
	0.1%
	1%
	10%
	50%
	90%
	99%
	99.9%

	Alt 1
	0.000241%
	0.002373%
	0.023698%
	0.118474%
	0.213251%
	0.234576%
	0.236708%

	Alt 2a
	0.026190%
	0.261883%
	2.618809%
	13.09404%
	23.56927%
	25.92620%
	26.16189%

	Alt 2b
	0.000002%
	0.000006%
	0.000048%
	0.000233%
	0.000417%
	0.000459%
	0.000463%


Alternative 2b has in general the lowest collision rate, both in the case with 100% share of traffic types (broadcast and unicast/groupcast) and when studying scenarios with mixed broadcast and unicast/groupcast traffic. However, if we tolerate collision rates of up to 0.02%, alternative 1 should be acceptable for moderate shares of broadcast traffic (up to 10%). Also with 50% share of broadcast, the collision rate with alt 1 should be almost acceptable (0.12%). Alternative 2a results in high collision rates, even with just a small amount of broadcast.
Observation 1 Both Alternative 1 and Alternative 2b can meet the requirement of a collision probability less than 0.1% for reasonable scenarios. 

Observation 2 Alternative 2a does not meet the requirement of a collision probability less than 0.1% for reasonable scenarios.

2.4.3 Cost – number of bits over air
For alternative 1, the cost for broadcast is 8 bits of the SA + 16 bits of MAC Source ID = 24 bits. For unicast/groupcast the cost is 8 bits of the SA  + 16 bits of MAC Source ID + 16 bits of MAC Target ID = 40 bits.
For alternative 2a, the cost is the same as for alternative 1, i.e., 24 bits for broadcast and 40 bits for unicast/groupcast.
For alternative 2b, the cost for broadcast is 8 bits of the SA + 32 bits of MAC Source ID = 40 bits. For unicast/groupcast the cost is 8 bits of the SA + 16 bits of MAC Source ID + 16 bits of MAC Target ID = 40 bits.

Observation 3 For unicast and groupcast, all alternatives have the same cost, i.e. the amount of bits sent over air, of 40 bits.

Observation 4 For broadcast, alternative 2b have a higher cost, 40 bits,  than the other alternatives, 24 bits.
Observation 5 Alternative 2b has the same cost for all traffic types.
If we then compare the average cost, considering an equal probability of unicast, groupcast and broadcast, we get this result:

	Alternative 1
	29.3 bits

	Alternative 2a
	29.3 bits

	Alternative 2b
	40 bits


Below is a comparison of the average cost for different shares of broadcast traffic:

	Share of traffic is broadcast
	0.1%
	1%
	10%
	50%
	90%
	99%
	99.9%

	Alternative 1
	39.98 bits
	39.84 bits
	36.24 bits
	32.00 bits
	25.60 bits
	24.16 bits
	24.02 bits

	Alternative 2a
	
	
	
	
	
	
	

	Alternative 2b
	40 bits


For a moderate share of broadcast traffic (up to around 10%), the average cost for all alternatives is approximately the same (36-40 bits). However, for a high share of broadcast traffic (i.e. at least 50%), alternatives 1 and 2a both have lower average cost (32 bits or less) than alternative 2b.
Observation 6 Alternative 1 and 2a has the same cost.

Observation 7 For low shares of broadcast traffic, the cost is about the same for all alternatives.

Observation 8 For higher shares of broadcast traffic, the cost is higher for alternative 2b compared to the other alternatives.

2.4.4 Possibilities for future extensions

What mainly differs alternative 1 from alternatives 2a-2b is the way broadcast is indicated in the SA. In alternative 1, a dedicated communication type indicator bit [4] indicates broadcast or other type of traffic (unicast/groupcast). In alternatives 2a-2b, on the other hand, a special, fixed broadcast destination address in the SA is used.
We see two possible approaches to extend the SA in future releases: 

1.
The first approach is to in Rel-12 reserve X bits in the SA for future extension, i.e. an extra cost of X bits. These type of extension bits will be independent of the addressing mechanism used.

2.
The second approach is to use “special” address values in the SA L1 ID. In Rel-12 then a few codepoints of the SA L1 ID need to be reserved for future use. 

While we think that both of these approaches can be combined with each other, alternatives 2a-2b already uses an approach with a “special” codepoint of the SA L1 ID (for broadcast) and is feasible for the addition of other “special” codepoints for future use. The cost of these codepoints is that more exception cases need to be implemented in the hashing/scrambling function for those ProSe IDs which maps to the reserved codepoints.
Observation 9 Alternatives 2a-2b can be prepared for future extensions (at least for other types of “broadcast”), by reserving a few address codepoints for future use (besides the in Rel-12 existing “broadcast” codepoint). For the “extra bit” type of SA extensions, all alternatives are equal.
2.5 Summary
We have evaluated identification schemes against the goals: 

-
Identifier collision probability
Alternative 2b has in general the lowest collision rate. Alternative 1 results in acceptable collision rates with less than 50% broadcast traffic. Alternative 2a has unacceptably high collision rates.
-
Cost – number of bits over air
The average cost depends on the expected share of broadcast traffic. With moderate broadcast share (up to 10%) there is no big difference among the alternatives. For higher shares of broadcast, alternative 1 and 2a both use the least number of bits.
-
Discarding “uninteresting data” / DRX
Alternatives 2a and 2b have a minor advantage in the unicast/groupcast since they use more usable SA bits for DRX reduction. Alternative 1 has an advantage in the broadcast case since it may enable DRX for broadcast also.
-
Possibilities for future extensions
Alternatives 2a-2b both have a minor advantage for one type of SA extensions, without adding Rel-12 complexity.

Observation 10 Of the alternatives presented here, alternatives 1 and 2b both fulfil the goals. 
Of these two, we have a slight preference for alternative 2b because of its very low collision probability and therefore also support of very large groups. 

Proposal 1 Select alternative 2b as presented in section 2.3.3.
2.6 Properties of identifiers

RAN2#85bis made the following agreements:

1    In case of group- and uni-cast, L2 will convert the higher layer ProSe ID address identifying the destination (UE, Group) into a two bit strings of which one can be forwarded to L1 and used as L1 ID whereas and the other is used as L2 destination address. 

2    For broadcast L2 will provide a code point which indicates that it is broadcast.  

In this section we discuss further details on these identifiers.

2.6.1 ProSe UE ID

This identifier is defined in TS23.303 as a “link layer identifier assigned by the EPS that uniquely represents the UE in the context of ProSe Direct Communication”. Such an identifier can be constructed in several ways. As an example we can consider the IMSI. The IMSI consists of the Mobile Country Code (MCC), Mobile Network Code (MNC), and a Mobile Subscriber Identification Number (MSIN), in total not more than 15 digits. The inclusion of MCC and MNC enables global uniqueness, assuming the operator assigns the MSIN properly. Inclusion of MCC and MNC also makes the identifier hierarchical. The encoding of the IMSI in RRC costs 15 digits * 4 bits/digit = 60 bits.
We think the ProSe UE ID should be constructed in a similar way to ensure uniqueness. 
Proposal 2 The ProSe UE ID consists of two parts, the PLMN ID (i.e. MCC and MNC), and an identifier UE ID which identifies the UE.

Proposal 3 The length of the identifier UE ID is FFS. 
2.6.2 ProSe Layer-2 Group ID

This identifier is defined in TS23.303 as a “link layer identifier that identifies the group in the context of one-to-many ProSe Direct Communication”. For simplicity, the ProSe Layer-2 Group ID could be constructed in a similar way as ProSe UE ID, with a PLMN ID and a group-specific part.
Proposal 4 The ProSe Layer-2 Group ID consists of two parts, the PLMN ID (i.e. MCC and MNC), and an identifier Group ID which identifies the group.

Proposal 5 The length of the identifier Group ID is FFS.
3 Conclusion

In section 2, we have compared three alternative addressing schemes against a set of goals. We made the following observations:
Observation 1
Both Alternative 1 and Alternative 2b can meet the requirement of a collision probability less than 0.1% for reasonable scenarios.
Observation 2
Alternative 2a does not meet the requirement of a collision probability less than 0.1% for reasonable scenarios.
Observation 3
For unicast and groupcast, all alternatives have the same cost, i.e. the amount of bits sent over air, of 40 bits.
Observation 4
For broadcast, alternative 2b have a higher cost, 40 bits,  than the other alternatives, 24 bits.
Observation 5
Alternative 2b has the same cost for all traffic types.
Observation 6
Alternative 1 and 2a has the same cost.
Observation 7
For low shares of broadcast traffic, the cost is about the same for all alternatives.
Observation 8
For higher shares of broadcast traffic, the cost is higher for alternative 2b compared to the other alternatives.
Observation 9
Alternatives 2a-2b can be prepared for future extensions (at least for other types of “broadcast”), by reserving a few address codepoints for future use (besides the in Rel-12 existing “broadcast” codepoint). For the “extra bit” type of SA extensions, all alternatives are equal.
Observation 10
Of the alternatives presented here, alternatives 1 and 2b both fulfil the goals.


Based on the discussion in section 2 we propose the following:
Proposal 1
Select alternative 2b as presented in section 2.3.3.
Proposal 2
The ProSe UE ID consists of two parts, the PLMN ID (i.e. MCC and MNC), and an identifier UE ID which identifies the UE.
Proposal 3
The length of the identifier UE ID is FFS.
Proposal 4
The ProSe Layer-2 Group ID consists of two parts, the PLMN ID (i.e. MCC and MNC), and an identifier Group ID which identifies the group.
Proposal 5
The length of the identifier Group ID is FFS.


In the next section (Annex) we have a more detailed description of the alternatives 1 and 2b.
4 Annex
4.1 Details of identification schemes

We assume here that the UE has been configured with a set of “ProSe group IDs”, to use to identify the destination in case of groupcast and one, or possibly several, “ProSe UE IDs” to be used to identify itself as a source. The exact size and format of these ProSe identifiers need to be specified in cooperation with other groups, e.g. SA3. In particular, whether a certain ProSe identifier has an internal structure or is flat (all bits are considered as equal) may affect the design of the addressing solution.
Since alternative 1 and alternative 2b fulfil the goals, both of them are described here.

4.1.1 Creation of intermediate identifier string

The UE creates intermediate source identifier string(s) using its “ProSe UE ID(s)” as input. For groupcast transmission and reception, the UE also creates intermediate destination identifier string(s), one for each multicast group, using the corresponding “ProSe group ID” as input. For unicast reception, the UE would also create intermediate destination identifier string(s), using its “ProSe UE ID(s)” as input. In the following description these two types of ProSe identifiers (ProSe UE ID and ProSe group ID, respectively) are just named “ProSe identifier”.
4.1.1.1 Flat ProSe identifier

In case of a flat ProSe identifier, the transformation to an intermediate (source or destination) identifier string is simple, either 1-1 or via a hash function, depending on the length of the ProSe identifier. In the figure below, we assume a size of a ProSe identifier of larger than the intermediate identifier string, thus motivating a hash. 

[image: image2]
Figure 2. Creation of intermediate (source or destination) identifier string, for a flat ProSe identifier large enough to motivate a hash

The details of the hash function should be studied further, but for now we assume it returns a cryptographic hash of 32 bits as output.
4.1.1.2 Structured ProSe identifier

In case of a “structured” ProSe identifier, such as with a PLMN id part, we should take into account the different entropy of the two parts of the ProSe identifier. For example, the expected number of PLMN ID values used by a given group of communicating UEs should be quite low, thus motivating a harder bit reduction on the PLMN ID part, such as from 24 bits to 8 bits in the figure below. Moreover, to ensure a flat intermediate identifier string, where all bits are equal, a scrambling (or randomization) is also made of the collective outputs of the hash functions.


[image: image3]
Figure 3. Creation of intermediate (source or destination) identifier string, for a structured ProSe identifier

The details of the hash functions should be studied further, but for now we assume they return cryptographic hashes of 24 and 8 bits respectively as output.
The details of the scrambling function (or randomizer) should be studied further. For now we assume it should be initialized with a fixed value each time a new intermediate identifier string is generated, as a simple way to synchronize the source and destination UEs. No reverse scrambling would be necessary.
4.1.2 Bit mapping, alternative 1

In this section we present how the intermediate identifier strings can be mapped to MAC and PHY.
4.1.2.1 Transmitter

4.1.2.1.1 Broadcast

For broadcast, only the intermediate source identifier string is needed.

[image: image4]
Figure 4. Mapping of the intermediate source identifier string for broadcast, alternative 1

4.1.2.1.2 Unicast/groupcast

For unicast and groupcast, both the intermediate source and destination identifier strings are used.


[image: image5]
Figure 5. Mapping of the intermediate source and destination identifier strings for unicast/groupcast, alternative 1

4.1.2.2 Receiver

4.1.2.2.1 Broadcast

The receiving UE identifies the received scheduling assignment as a broadcast and uses the SA L1 ID bits together with the Destination L2 ID to identify the receiving RLC entity.

4.1.2.2.2 Unicast/groupcast

The receiving UE identifies the received scheduling assignment as unicast/groupcast and compares the SA L1 ID bits in the received scheduling assignments with bits 25-31 of the stored intermediate destination identifier strings it has created for groupcast and unicast reception. 

In case of a match, the UE decodes the MAC PDU and compares the destination L2 ID with bits 0-15 of the stored intermediate destination identifier strings it has created for groupcast and unicast reception. 

In case of a match, it then uses the following to collectively identify the receiving RLC entity:

-
The SA L1 ID in the received scheduling assignment (7 bits)

-
The source L2 ID (16 bits)

-
The destination L2 ID (16 bits)

4.1.3 Bit mapping, alternative 2b

In this section we present how the intermediate identifier strings can be mapped to MAC and PHY.
4.1.3.1 Transmitter

4.1.3.1.1 Broadcast

For broadcast, only the intermediate source identifier string is needed.

[image: image6]
Figure 6. Mapping of the intermediate source identifier string for broadcast, alternative 2b

4.1.3.1.2 Unicast/groupcast

For unicast and groupcast, both the intermediate source and destination identifier strings are used.

[image: image7]
Figure 7. Mapping of the intermediate source and destination identifier strings for unicast/groupcast, alternative 2b

4.1.3.2 Receiver

4.1.3.2.1 Broadcast

The UE identifies the receiving scheduling assignment as a broadcast transmission. It then uses the source L2 ID to identify the receiving RLC entity.

4.1.3.2.2 Unicast/groupcast

The receiving UE compares the SA L1 ID in received scheduling assignments with bits 24-31 of the stored intermediate destination identifier strings it has created for groupcast and unicast reception. 

In case of a match, the UE decodes the MAC PDU and compares the destination L2 ID with bits 0-15 of the stored intermediate destination identifier strings it has created for groupcast and unicast reception. 

In case of a match, it then uses the following to collectively identify the receiving RLC entity:

-
The SA L1 ID in the received scheduling assignment (8 bits)

-
The source L2 ID (16 bits)

-
The destination L2 ID (16 bits)
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