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1 Introduction 

Usage of HeNB Gateway has been discussed in previous RAN3 meetings and the need for transparent HeNB Gateway was raised in ‎[3]. The transparency has been defined as usage of functionally identical S1 interface on both sides of the HeNB Gateway. 

The functionality provided by HeNB Gateway for S1 control plane depends on the functional/characteristics capabilities of the MME pools and MME pool members. We hereby describe the functionality required for S1AP ID handling in case the HeNB Gateway provides aggregation of S1 interface instances towards MME pool(s) and argue that the S1AP could be kept identical on both sides of the HeNB Gateway.
2 Problem description and proposed solution
2.1 S1AP Ue ID usage

There are Ue identifiers for S1AP Ue associated signalling – MME-Ue-S1AP-Id and eNB-Ue-S1AP-Id – that are allocated by MME and eNB respectively in case of standard S1 relationship. In case of HeNB deployment with HeNB Gateway where the HeNB Gateway provides aggregation of S1-C interface instances, the S1AP Ue ID-s are allocated, see example on Figure 1, between:

MME and HeNB Gateway for Ue1:

a) MME-Ue-S1AP-Id = m1 is the identifier allocated by MME1;

b) eNB-Ue-S1AP-Id = gm1 is the identifier allocated by HeNB Gateway on the north bound side;

HeNB Gateway and HeNB for Ue1:

c) MME-Ue-S1AP-Id = ge1 is the identifier allocated by HeNB Gateway on the south bound side;

d) eNB-Ue-S1AP-Id = e1 is the identifier allocated by HeNB . 
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Figure 1 S1AP Ue identifiers with HeNB Gateway
Irrespective of the xxx-Ue-S1AP-Id allocation principles, the HeNB Gateway must perform a routing of Ue associated signalling messages based on the

a) north bound  MME-Ue-S1AP-Id and eNB-Ue-S1AP-Id; and

b) south bound MME-Ue-S1AP-Id and eNB-Ue-S1AP-Id 

as the HeNB Gateway terminates the respective S1-C instances/SCTP associations. 
2.2 Pre-allocation of eNB-Ue-S1AP-Id range per HeNB

The HeNB Gateway allocates at S1 Setup Response a range of eNB-Ue-S1AP-Id the HeNB is allowed to use, as proposed in ‎[1]. The HeNB Gateway does not allocate any eNB-Ue-S1AP-Id per Ue but re-uses the respective Id-s allocated by HeNB within range defined by HeNB Gateway, i.e. gm1 = e1 considering Ue1 on Figure 1.

Considering 24-bit eNB-Ue-S1AP-Id and e.g. max 32 simultaneous users per HeNB, it provides HeNB Gw possibility to control 2^19~=0.5million HeNB-s if the 5 least significant bits in the eNB-Ue-S1AP-Id are allocated by HeNB and 19 MSB-s by HeNB Gateway. Hence all the eNB-Ue-S1AP-Id-s allocated by HeNB-s under particular HeNB Gateway are unique. In principle it is sufficient for HeNB Gateway to perform the routing of DL messages based on 19 MSB-s of eNB-Ue-S1AP-Id that is allocated by HeNB (eNB-Ue-S1AP-Id == e1 in example on Figure 1).

Hence the routing table for DL Ue associated messages can be defined at the time S1-C is setup between HeNB and HeNB Gateway, i.e. semi-static routing table configuration. 

Note1: Handover Request messages can not be routed based on the eNB-Ue-S1AP-Id

The HeNB Gateway does not have control over MME-Ue-S1AP-Id allocation in MME-s. Therefore the HeNB Gateway has to 

a) allocate MME-Ue-S1AP-Id for the south bound communication per Ue, i.e. ge1 for Ue1 in case of example on Figure 1;

b) create conversion table for MME-Ue-S1AP-Id –s per Ue, i.e. m1 (( ge1 for Ue1 in case of example on Figure 1.

c) configure the routing of UL messages once it has received the first DL message that contains the MME-Ue-S1AP-Id.

Note2: the routing of Initial Ue Message shall be according to NAS node selection principles.
The main gain with this proposal is that the HeNB Gateway does not have to modify eNB-Ue-S1AP-Id within S1AP message. 

The main drawbacks of this principle are: 

a) new interface (or at least HeNB specific S1AP functions) between HeNB and HeNB Gateway, i.e. the HeNB Gateway is not transparent;

b) loss of control for node internal Ue S1AP addressing in HeNB;

c) capacity motivated replacement of HeNB (in terms of number of served subscribers) needs to be coordinated with HeNB Gateway;

d) the HeNB intended to be connected to network via HeNB Gateway can not be connected directly to MME due to the differences in interface functionality.
2.3 Allocation of eNB-Ue-S1AP-Id in HeNB
According to general S1AP principles, each node allocates its own identifiers. Therefore HeNB Gateway:

a) allocates per Ue eNB-Ue-S1AP-Id for north bound communication and MME-Ue-S1AP-Id for south bound communication (gm1 and ge1 respectively for Ue1 in case of example on Figure 1);

b) creates conversion table for MME-Ue-S1AP-Id –s per Ue, i.e. m1 (( ge1 for Ue1 in case of example on Figure 1;

c) creates conversion table per Ue for eNB-Ue-S1AP-Id –s per Ue, i.e. gm1 (( e1 for Ue1 in case of example on Figure 1;

d) configures the routing of UL and DL messages.

Note1: Handover Request messages can not be routed based on the eNB-Ue-S1AP-Id.

Note2: the routing of Initial Ue Message shall be according to NAS node selection principles

The main gains with this proposal are

a) the HeNB does not see difference between MME and HeNB Gateway and similarly MME does not see difference between eNB and HeNB Gateway, i.e. HeNB Gateway behaves transparently;

b) no change of S1AP;

c) HeNB Gateway may be designed without HeNB capacity dependence;

d) the HeNB intended to be connected to network via HeNB Gateway can be connected directly to MME.

The main drawbacks of this principle are: 

a) increase of dynamic/per Ue stored information in comparison to the previous alternative;

b) eNB-Ue-S1AP-Id and MME-Ue-S1AP-Id have to be converted by the HeNB Gw.
3 Conclusion and proposal
Different allocation options of Ue associated signalling identifiers have been discussed in case HeNB Gateway is used to aggregate S1-C interface instances from HeNB-s towards MME pool(s). Based on the discussion in chapter ‎2, the additional benefits of shifting part of control over eNB-Ue-S1AP-Id allocation to the HeNB Gateway generally do not provide reduction of complexity of HeNB Gateway if the HeNB Gateway is used to provide aggregation of S1-C interface instances towards the MME pool(s). Leaving the control over eNB-Ue-S1AP-Id entirely to HeNB preserves standard S1AP according to ‎[4] on both sides of the HeNB Gateway while it provides straightforward method for routing S1AP Ue associated signalling messages in HeNB Gateway that aggregates S1-C instances from HeNB-s towards MME-s in MME pool(s). We propose to add HeNB deployment solution and text proposal in section 4 to the TR ‎[2]:

4 Text Proposal for TR R3.020 
The MME allocates per Ue MME-Ue-S1AP-Id.

The HeNB Gateway:

a) allocates per Ue eNB-Ue-S1AP-Id for north bound communication and MME-Ue-S1AP-Id for south bound communication (gm1 and ge1 respectively for Ue1 in case of example on Figure 2);

b) creates conversion table for MME-Ue-S1AP-Id –s per Ue, i.e. m1 (( ge1 for Ue1 in case of example on Figure 2;

c) creates conversion table per Ue for eNB-Ue-S1AP-Id –s per Ue, i.e. gm1 (( e1 for Ue1 in case of example on Figure 2;

e) configures the routing of UL and DL messages.

The HeNB allocates per Ue eNB-Ue-S1AP-Id.

e) 
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Figure 2 Allocation of S1AP Ue identifiers with HeNB Gateway
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