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1. Introduction

In previous RAN3 meetings there have been many discussions regarding possible collapsed architectures for HSPA evolution. Original solutions as the eHSPA architecture in 9.1.1.3 in [1] are describing a PS only network on dedicated carriers. The present document does not contradict the solutions described in [2] how to enable CS in such PS only networks.
However it could be important that CS calls can also be handled on the same cells as eHSPA traffic. Assuming a full CS support is not feasible in a collapsed architecture, it is already described in [1] how the eHSPA Node B can connect to the legacy CS (and optionally PS) via legacy UTRAN. It has become clear that with the Nokia proposal there are some open issues for the handling of CS calls on the same carrier as the HSPA users. The aim of this paper is to consider solutions where the Iub is the gateway between the eHSPA Node B and the legacy RAN.
2.
Discussion
2.1 General architecture
As mentioned in [1] is already described how the eHSPA Node B can connect to the legacy CS (and optionally PS) via legacy UTRAN. The connectivity options are via Iub, Iur, or Iu. In the original Nokia proposal it was described that the Iub connectivity option would be preferred. This architecture is shown in figure 1.


[image: image1.emf]GSN

SGSN 

optionally 

for R99 

UEs

MSC/VLR

Iu-CS

Iu-PS

Rel’8 Node B

CRNC

Rel’8 

SRNC

SRNC

Iur

Iu-PS 

Rel’8 

CRNC

Iub

Node B

Iub


Figure 1: Non-collapsed legacy RNC - eHSPA control plane in the Node B
The assumption here was that when a CS call setup is performed, the RRC connection would be routed to the legacy UTRAN for connection establishment. This was primarily discussed with the S1 connectivity in mind, and since this was previously discussed, it has become clear that such an approach for the legacy UEs would not be so simple, as there is not necessarily known (at least prior to 3GPP Release 6) at RRC connection establishment that the user would like a CS connection. However Vodafone feel that this issue can be handled sufficiently enough by analysing the “establishment cause” in the RRC Connection Request message, even if this is not a perfect solution.
Another issue is with the multi-RAB (CS+PS RAB) scenario. If the UE already has a PS connection, and the SRNS functionality for this UE is in the serving eHSPA Node B, then an approach where the SRNS context is split between the eHSPA Node B and the legacy RNC would not be so simple or desirable. Hence some form of SRNS Relocation would currently be required to move the SRNS context of this user towards a legacy RNC with Iu-CS connectivity, before the Iu-CS connection was fully established. 
Note that in all of the solutions below, there are two CASES to consider:

1) The user is connecting from idle mode (applicable for the CS or potentially R99 PS case)

2) The user already has a PS signalling connection and possibly a corresponding RAB.

2.2 Solutions for Case 1
2.2.1 Utilisation of RRC Connection Request
The RRC CONNECTION REQUEST message is interrogated and the RNC part of the eHSPA will decide whether or not to allow this call to be handled by the legacy RNC. That can be done by analysing the “Establishment Cause” or for Release 6 UE’s the “CN Domain Indicator”. If those indicate a CS call, the RRC CONNECTION REQUEST will be passed to the Node B part of the eHSPA Node B which will place it on the RACH FP to be received by the legacy RNC who will handle the rest of the call setup. As stated in section 2.1, for the case of the Release 5 UE it is envisaged that the “establishment cause” should be sufficient to decide where to put the UE. There is a small chance that the re-direction to the legacy RNC is wrongly performed, but for the sake of simplicity (and considering it is only valid for a single 3GPP Release of UE) it is felt that this is the simplest approach.
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Figure 2: Simple solution based on RRC CONNECTION REQUEST trigger

2.2.2 Optional extension for Release 5 UE - Involving SRNS Relocation where IDT is tunnelled via NBAP
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Figure 3: CS call setup with INITIAL DIRECT TRANSFER tunnelling via NBAP

For case 1, if it is felt that the Release 5 RRC connection request does not give sufficient information to the eHSPA Node B to be able to distinguish whether it is a call to be utilised by the I-HSPA Node B, then it could be useful for the INITIAL DIRECT TRANSFER message triggering access to the CS domain to be buffered in the Node B during call setup. Then the SRNS context would be moved directly to the RNC via Iub signalling, and subsequently the INITIAL DIRECT TRANSFER message is encapsulated in the Iub control signalling during the UE “not involved” SRNS Relocation (NBAP equivalent of the RNSAP: RELOCATION COMMIT message in this case) and tunnelled through to the RNC. This solution does not impact the MSC at all. However of course this would require some modifications to allow the SRNS Relocation procedure to be used over Iub, and also to allow the RNC to co-ordinate with the Node B in order to ensure that the same signalling radio bearer configuration is used after the Relocation has taken place. Vodafone believe this should not be an impossible task. 
2.3 How to handle the re-direction particularly for case 2 scenario?
2.3.1 Evolving from dedicated carrier solution

In section 3 and section 4.2 in [2] some examples of re-direction are described for the dedicated carrier eHSPA collapsed architecture solution. These are shown in figures 4 and 5 below.

The solution in figure 5 requires a Gs interface, unlike the solution in figure 4. 
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Figure 4: IuCS and CS service enabling HO
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Figure 5: Optimized and fast CS service enabling handover
In order to handle this for the shared PS/CS carrier case, the UE-involved SRNS Relocation could be re-used, but with the target cell being the same as the source cell. Vodafone however have some concern that existing UEs in the field may not be guaranteed to accept this type of Relocation request from the network. 
Hence Vodafone feels that some modifications to the SRNS Relocation procedure to allow a UE-not-involved SRNS Relocation from eHSPA Node B to the legacy RNC could be a safer option. It is understood that a UE-not-involved SRNS Relocation to a target RNC that is not the drift RNC is not currently allowed in 3GPP specifications and the main requirement is that the CRNC can establish the same radio bearer and ciphering configuration following the Relocation. If there is a danger of this working correctly, one possibility is that prior to the SRNS Relocation being triggered, the eHSPA Node B could reconfigure the UE to utilise a default radio bearer (that is known to be supported by the legacy CRNC) to allow the SRNS Relocation to occur smoothly. The signalling flow for this procedure is described in the next section.
2.3.2 Impacts of a modified “UE not involved” SRNS Relocation between eHSPA Node B and RNC

The potentially enhanced UE-not-involved SRNS Relocation procedure between eHSPA Node B and RNC would require some modifications to the Iub interface in that an equivalent of the RELOCATION COMMIT message would need to be used over NBAP. In addition to this, there would need to be some modifications to the “Source-RNC-to-target-RNC Transparent container” that is currently used within RANAP to ensure that the RAB and RB information is correctly transferred. However this should not cause any impact to the CN itself, just to the eHSPA Node B and the legacy CRNC.
 The signalling flow is described below in figure 6. It should also be possible to re-use such a procedure to return the SRNS context to the eHSPA Node B; however this is not described here.
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Figure 6: Modification to SRNS Relocation procedure for carrier sharing
2.4 Impacts to Common Channel Handling

In section 2.1 it was discussed how the case 1 could enable the re-direction for a CS call connecting from idle mode. This would require the eHSPA Node B to read every RRC message being received via CCCH over RACH. In order to understand whether the DCCH messages are for a UE controlled by the eHSPA Node B, the MAC header of this would need to be analysed to understand the U-RNTI.

For the downlink side, both the UEs controlled by the eHSPA Node B, and the UEs controlled by the legacy RNC would need to be multiplexed on the FACH. It should be possible for the eHSPA Node B to co-ordinate this.

For paging co-ordination, as both CS and PS paging needs to go directly to the eHSPA Node B anyway, then in most cases the paging from the legacy RNC can be ignored. The only issue to consider is the case of a UE controlled by the legacy RNC being in CELL_PCH or URA_PCH state. However as only the CS calls will be re-directed to the legacy RNC, it could almost be sufficient to switch off these states for UEs controlled by the legacy RNC with very little (if any) impact on the system. However this probably requires further investigation.
2.5 RRM impacts

There may be some impact because the RNC is control of the overall CAC, but the RNC does not know which services are being utilised on HSPA in the eHSPA Node B (because it does not have the RAB information). This is mainly a problem when there are guaranteed rate services being handled by the eHSPA Node B. The scenario where this seem to be a problem is where the combination of voice over IP and streaming calls on the HS-DSCH resources (for users served by the eHSPA Node B) in the cell, and CS calls equals 100% of the traffic capacity of the cell, and then another call arrives. The CRNC would need to make a somehow blind decision about which users to pre-empt first of all. However this situation is not likely to occur in most instances, due to at least some residual best effort traffic on the HS-DSCH that can be compressed. There are also likely to be ways to co-ordinate/reserve priority queues to solve this problem. 

3.
Proposal
Whilst there are some open issues in the solutions identified in this paper, it is proposed to consider all of the possible modifications in this document further in order to identify a solution that will allow operators to evolve progressively the “eHSPA collapsed architecture” from use in a “dedicated carrier” scenario to usage in a “shared carrier” scenario that allows the efficient support of CS services on the same carrier frequency as HSPA services.
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