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At the SA2#76 meeting some problems with handling of MBR greater than 16 Mbps for Release-7 HSPA have been raised [S2-096901]. 

To fully leverage the high peak data rate of HSPA for R7, it is necessary to set MBR in subscription data to the supported peak data rate of the deployed network which is greater than 16 Mbps. However, the SGSN does not know the release version supported by UE. Therefore the SGSN may send R7 QoS parameters to a pre-R7 UE which treats the R7 QoS parameters as invalid and hence rejects the PDP context activation. 
This paper analyzes the issue and lists several options to resolve it.
1 Introduction 

More and more operators are currently upgrading their HSPA networks. R7 HSPA+ raises downlink peak data rate from 14.4 Mbps to 28.8 Mbps (2x2 MIMO) or 21.4 Mbps (64QAM). R8 and R9 HSPA would further upgrade the peak data rate to 42 Mbps and 84 Mbps respectively. 
R6 ASN.1 encoding supports maximum data rate of 16 Mbps on the downlink and 8.6 Mbps on the uplink (see section 10.5.6.5 of TS 24.008).  To fully leverage the high peak data rate of HSPA+, the MBR in subscription data shall be set to the peak data rate of corresponding HSPA+ features deployed, e.g. 21 Mbps if 64QAM is deployed. Otherwise, if for example the MBR is set to 16 Mbps in HLR, rates above 16 Mbps could never be experienced by the user even if the radio interface supports it. Since operators do not know which version of UE a subscriber is using, the subscription data of all 3G subscribers should account for the highest data rates supported by the network, i.e. with MBR above 8.6 and 16 Mbps on uplink and downlink, respectively, when supported by the network for R7 or later releases UEs.

Figure 1 illustrates QoS negotiation in UMTS. The SGSN obtains subscription data which includes the QoS profile subscribed from the HLR with the Insert Subscriber Data Procedure (which is e.g. executed as part of the Attach or RAU procedures). The UE may indicate a “QoS requested” in the Activate PDP Context Request message to the SGSN. However, the UE may leave the MBR and GBR parameters empty (i.e. by setting corresponding parameters to all-zero, see section 10.5.6.5 of TS 24.008). The SGSN interprets this as a context request for “QoS subscribed”.
The SGSN is allowed to restrict the QoS requested given its capabilities and current load. With the Create PDP Context Request message, the SGSN sends “QoS negotiated 1” to the GGSN. Also the GGSN is allowed to restrict the QoS received from the SGSN and to return a “QoS negotiated 2” in the Create PDP Context Response message. 
The SGSN then forwards “QoS negotiated 2” in the RANAP RAB Assignment Request. As part of this RAB assignment procedure, QoS negotiation between RNC and SGSN is performed when “Alternative RAB Parameter Values” is included in the RAB Assignment request. This means that also the RNC can further restrict the QoS parameters of the RAB Assignment Request, and return “QoS negotiated 3” in the RANAP RAB Assignment Response message (in its “Assigned RAB Parameter Values” IE). 
Per current standards, 3G SGSN does not know the 3GPP release version supported by the UE. In UTRAN however, the release version is available in the RNC as it is indicated as “Access stratum release indicator” which is mandatory present in the UE radio access capability IE and in the RRC Connection Request message.
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Figure 1:  QoS negotiation in UMTS
2 Discussion

The problem described in [S2-096901] arises when the SGSN sends MBR/GBR parameters larger than 16 Mbps to a pre-R7 UE. The pre-R7 UE rejects the PDP context activation in this case. 
The issue is caused by the fact that information on the release version that the UE in use supports, is not available in the core network.  Such information is available in the RNC, but apparently many RNC implementations presently do not take this information into account in the QoS negotiation outlined in previous section.

There are several approaches to resolve the problem which are described in the following. Most of these approaches represent only partial solutions applicable in a special scenario.  However, complete candidate solutions can be obtained by proper combination of such partial solutions. 
Approach 1:
RNC restricts QoS parameters at admission control (“admission control based”)
The “Access stratum release indicator” which is available after RRC connection establishment is applied in the RNC to restrict GBR/MBR parameters. The restricted parameters are reported back to the SGSN (and from there to GGSN and PCC) before the  SGSN sends the Activate PDP Context Accept message.

Those RNCs which do not support the required functionality would require a software upgrade.

The obvious disadvantage of this approach is that operators would depend on their roaming partners to upgrade their RNCs.
Approach 2:
UE reports supported release information in NAS message (“NAS-based solution”)
In this solution the UE provides information to the SGSN on the release it supports in an appropriate NAS message by introducing a new information element. To solve the described problem it would be sufficient to include a flag indicating that the UE supports R7 or higher release. Then the SGSN can perform QoS restriction to at most 16 Mbps for any UE not having identified itself as supporting R7. 
The new IE could be added e.g. to Attach and RAU Request or Complete messages. Another possibility would be to add the new IE to the Activate PDP Context Request message.
Alternatively, instead of indicating explicit information on supported release it could be mandated that R7 UEs should not use the “all-zero” setting for the GBR/MBR information in QoS requested but rather indicate the maximum data rate it can handle.
The obvious disadvantage of this solution is that it would work only for R7 UEs supporting this new feature while UEs supporting R7 are already introduced into the market. A change of R7 specifications at this stage may also cause further delay of introducing R7 UEs into the market.
The solution using explicit information on supported release also requires software upgrade of the SGSN.

A variant of this option can be that the SGSN sends R7 QoS to RNC in RAB assignment procedure regardless of the UE’s release. Then, SGSN sends negotiated QoS which may have MBR above 16 Mbps to UE if the UE indicated R7 or any later release. For any UE which not explicitly indicated that it supports R7, the SGSN sends at most 16 Mbps MBR to UE in Activate PDP Context Accept message. 

For an R7 UE which does not indicate its release information, the MBR sent to the UE may be inconsistent with the MBR in network side. Depending on UE’s implementation, there may be some issues caused by this MBR inconsistency, e.g. buffer overflow in the UE and downlink packets arriving at the UE above 16 Mbps may be dropped but the volume of the dropped packets are still charged to the UE.

Approach 3:
RNC forwards UE release information in RANAP Initial UE Message (“RANAP based solution”)
Since the RNC obtains the release version supported by the UE during RRC connection establishment, RNC can forward this information to the SGSN in the RANAP Initial UE Message in Attach or RAU procedure.
Besides the change of RANAP protocol, this solution requires a software upgrade for the SGSN similarly as for the NAS-based solution when using explicit information on supported release.

In case the 2G/3G capable UE first accesses and activates  PDP context over a 2G network, the same issue occurs as described for option 1 requiring separate solutions.
Approach 4:
HLR sends subscribed QoS to SGSN per IMEISV of the UE (“ADD based solution”)
When Automatic Device Detection (ADD) is supported, the HLR gathers IMEISV information, from which the release version the UE supports can be derived. In this case, the HLR can perform QoS restriction already as part of the Insert Subscriber Data Procedure.
Approach 5:
GGSN restricts QoS parameters (“GGSN based solution”)

This is a solution that can be applied in combination with other approaches to address the roaming scenario. In this case the GGSN would apply a “white list“ or “black list” of SGSNs or PLMNs to decide whether or not it should downgrade MBR/GBR values indicated by an SGSN in the  Create PDP Context Request message. In the simplest case a GGSN trusts only SGSNs under control of the same operator. 
Approach 6:
2G-SGSN restricts QoS parameters (“2G-SGSN based solution”)
When a 2G/3G capable UE first accesses and activates a PDP context over a 2G network,  explicit information on the release the MS/UE supports is not available in the BSS. Therefore a solution equivalent to approach 1 for the BSS does not work.  In this case however the SGSN can request INTER RAT HANDOVER INFO and/or E-UTRAN INTER RAT HANDOVER INFO with the Attach/RAU Accept message.  The UE then sends UE UTRAN/E-UTRAN Radio Capability as part of this INTER RAT HANDOVER INFO in the Attach/RAU Complete message, which includes the “Access stratum release indicator”. 

Currently a 2G SGSN is not required to interpret the radio capability information.  A SGSN software upgrade would be required to provide the necessary functionality, i.e. request radio capability information in Attach/RAU Accept messages, extract UE release information and implement QoS restriction.
Approach 7:
2G-SGSN restricts MBR to 16 Mbps (“2G-SGSN solution without release info”)
The case where a 2G/3G capable UE first accesses and activates a PDP context over a 2G network can be addressed also with the following approach (as an alternative to approach 6): In case of access over 2G network, the 2G SGSN limits the MBR to 16 Mbps when information on UE supported release is not available. Then, when the UE moves from 2G to 3G, either SGSN or GGSN can initiate network-requested PDP context modification procedure to upgrade the MBR.

3 Evaluation and Conclusion 
Table1  below summarizes for each approach whether or not standard changes are required, which nodes require software upgrades and what the limitations are to resolve the problem. 
Table 1: Summary on partial solutions
	Approach
	Standards
impact
	Nodes affected (software upgrade)
	Limitation

	
	
	UE
	RNC
	SGSN
	GGSN
	HLR
	

	1
	no
	no
	possibly
	possibly
	no
	no
	Applies to 3G access only

	2
	yes
	yes
	no
	yes
	no
	no
	Does not address pre-Rel7 UEs already in use

	3
	yes
	no
	yes
	yes
	no
	no
	Applies to 3G access only

	4
	no
	no
	no
	no
	no
	yes
	none

	5
	no
	no
	no
	no
	yes
	no
	Addresses roaming issue only

	6
	no
	no
	no
	yes
	no
	no
	Applies to 2G access only

	7
	no
	no
	no
	yes
	possibly
	no
	Applies to 2G access only


Given the limitations of most of the approaches, a complete solution to the HSPA QoS issue, requires a combination of  several of these. Any solution that requires software upgrades in RNC and/or SGSN needs to be combined with approach 5 to address the roaming scenario, as the HPLMN operator relies on its roaming partners to implement the required functionality.

The potential overall candidate solutions resulting from combining the approaches in Table 1 are listed in Table 2 below.
Given the potentially high cost of  candidate solution “4”, we propose candidate solutions “1+5+6” or “1+5+7”  is the best choices to resolve the HSPA QoS problem. These solution do not require any standards change and should resolve the problem for all possible scenarios.

Table 2: Summary on overall candidate solutions

	Combination of approaches
	Standards

impact
	Comment

	1+5+6
	no
	Resolves the problem completely, OTA overhead due to transmission of INTER-RAT HANDOVER INFO

	1+5+7
	no
	Resolves the problem completely, signalling overhead due to context modification

	2+5
	yes
	Resolves the problem only for new Rel-7 compliant terminals. Does not solve the problem for Rel-7 terminals already manufactured.

	3+5+6
	yes
	Resolves the problem completely, OTA overhead due to transmission of INTER-RAT HANDOVER INFO

	3+5+7
	yes
	Resolves the problem completely, signalling overhead due to context modification

	4
	no
	Operator needs to maintain IMEISV data base. Too expensive solution for operators not interested to support ADD
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