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1
Introduction

The CS service has been an intrinsic part of the UTRA system that starting from R99 has been offering a reliable way of speech communication. Over the time it has been enhanced with additional features such WB-AMR and DCH enhancements; furthermore there are ongoing activities to introduce a new EVS codec to the UTRA system. As of now, the CS service continues to play a crucial role in UTRA offering speech service not only to the UTRA terminals, but also to the LTE system in the CS-fallback mode. At the same time, the UTRA system also provides a high-speed access to the packet service that also has been improved with various features, among which DL/UL multi-carrier enhancements provide the highest gains. Both DL and UL multi-carrier enhancements are getting commercially deployed becoming the baseline for the high-speed packet access. 

The UTRA specification allows for simultaneous establishment of CS and PS RAB effectively enabling ongoing CS call during the packet data session. When the DL multi-carrier enhancements were introduced, they were specified in such a way that they can be combined with the CS call (with a limitation that it is limited only to the primary carrier). On the contrary to it, the UL multi-carrier feature cannot be combined with the CS call requiring the network to disable them whenever the CS call is established.

To address the aforementioned limitations a new WI was agreed after RAN#69 that specifically aims at allowing to configure DC-HSUPA with UTRAN CS.

2
Dual carrier HSUPA and UTRAN CS

2.1
Implementation details and expected performance

Technical speaking, UTRAN CS service means that the RNC configures so-called DPDCH channel carrying voice data, which occupies 2xSF4 codes. In the single-carrier UL operation without DPDCH, the E-DCH channel can use the full “2xSF2 + 2xSF4” code configuration that yields 5.76Mbps with QPSK. Once DPDCH is configured with the single-carrier UL, the E-DCH channel code configuration is limited to “2xSF2” that results in the maximum achievable rate of 3.84Mbps with QPSK. Following the same principle, combination of DC-HSUPA and DPDCH can be implemented by re-using existing code configurations. In other words, the secondary UL carrier will use full “2xSF2 + 2xSF4” code configuration, while the first UL carrier will use “2xSF2” (as if it were in the single carrier mode). This is summarized in Table 1 below. The total achievable peak rate is expected to be around 9.6Mbps with QPSK i.e. 5.76Mbps from the secondary UL carrier and 3.84Mbps from the first UL carrier that has both E-DPDCH and DPDCH channels.

Table 1: Proposed code configuration for combination of DC-HSUPA with DPDCH

	Carrier
	PS (dual UL)
	PS+CS (single UL)
	PS+CS (dual UL)

	Primary
	2xSF2 + 2xSF4
	2xSF2
	2xSF2

	Secondary
	2xSF2 + 2xSF4
	-
	2xSF2 + 2xSF4

	Peak rate with QPSK (Mbps)
	11.52
	3.84
	9.6

	Peak rate with 16QAM (Mbps)
	23
	3.84*
	15.36


* NOTE: UL 16QAM requires full code configuration, so once DPDCH is configured only UL QPSK is allowed.
As of Rel-9, DC-HSUPA can be also configured with UL 16QAM, if the corresponding E-DCH category supported by a UE. A single UL carrier with 16QAM can have peak rate of 11.52Mbps, resulting in the total peak rate of around 23 Mbps with DC-HSUPA. However, it should be noted that UL 16QAM on a particular carrier is feasible only with full code configuration “2xSF2 + 2xSF4”. In other words, once DPDCH is configured there is no option but to use QPSK with “2xSF2”; but the second carrier still can use full UL 16QAM. Then, the total achievable peak rate can be around 15.36Mbps i.e. 3.84Mbps on the primary carrier (with QPSK) and 11.52Mbps on the secondary one (with 16QAM).  
Proposal 1a: Allow combination of dual carrier HSUPA and DPDCH by re-using “2xSF2” code configuration on the primary frequency and the full “2xSF4 + 2xSF2” code configuration on the secondary frequency.

Proposal 1b: When configured together with dual carrier HSUPA, the DPDCH is present only on the primary frequency (similar to existing MC-HSDPA operation).
It bears noting that since Rel-9 DC-HSUPA functionality does not allow to configure the DPDCH channel, the power control is accomplished by means of the F-DPCH channel configured for each downlink frequency, as stated in TS 25.319. With combination of DPDCH with the dual carrier HSUPA operation, the power control will be accomplished with DPCH on the downlink frequency associated with primary uplink and F-DPCH on the downlink frequency associated with the secondary uplink. To our understanding, this should not cause any logical or technical discrepancy as Node B runs power control independently on each frequency, and thus it is only a matter of configuration that DPCH is used for the primary frequency, while F-DPCH is used for the secondary one.
Proposal 2: For the power control, DPCH is configured on the downlink frequency associated with the primary uplink while F-DPCH is used on the downlink frequency associated with the the secondary uplink.
With regards to other features, addition of DPDCH to the dual carrier HSUPA should not impose any limitations on its combinations with other features. As an example, since DC-HSUPA can be combined with DC/4C/8C-HSDPA operation, then it is also valid for DC-HSUPA+DPDCH. Similarly, since DC-HSUPA cannot be combined with UL CLTD or UL MIMO, the same restriction will hold for DC-HSUPA and DPDCH.
Proposal 3: All restrictions on features that can (or cannot) be combined with dual carrier HSUPA operation also apply to a case when dual carrier HSUPA is configured together with DPDCH.
2.2
Specification impact analysis and other considerations

In this section we present overview of the specification impact together with analysis of which changes should be done in each specification.

2.2.1
RAN WG1

In TS 25.213, sub-clause 4.2.1, Table 0 specifies the maximum number of simultaneously configured uplink dedicated channels. It should be updated with a new case that would allow to combine E-DPDCH and DPDCH channels on a single carrier in case of DC-HSUPA. Referring back to Proposal 1 and related discussion, this table will capture the fact that there “2xSF2” code configuration on the primary frequency and full “2xSF2 + 2xSF4” code configuration on the secondary one. 

2.2.2 RAN WG2

Firstly, there will be changes in specifications such as TS 25.319 and TS 25.306 reflecting a possibility of combining dual carrier HSUPA operation with DPDCH and introducing the corresponding UE capability. As indicated earlier, there will be also changes in TS 25.302 to account for a new combination of physical channels with dual carrier HSUPA when DPCH is on the primary frequency and F-DPCH is on the secondary one.

Referring to TS 25.331, our preliminary analysis indicates that there will be quite marginal changes. The matter is that IEs such as “Downlink information common for all radio links” and “Downlink information for each radio link” already have a switch allowing RNC to configure either DPCH or F-DPCH on the primary frequency. Thus, we do not expect any ASN.1 changes except introduction of a new capability.  With regards to the procedural text, there is a need to make a few changes in sub-clause 8.5.58  to allow to configure DPDCH, because current procedural text prohibits from doing it.

2.2.3
RAN WG3

At the moment, we do not identify any impact to RAN3 WG as all the functional pieces are in place. However, since combination of dual carrier HSUPA and DPDCH assumes that power control is accomplished with DPCH on the primary frequency and F-DPCH on the secondary one, it might be beneficial to introduce a new Node B capability, because a legacy Node B assumes presence of F-DPCH on both frequencies.

2.2.4
RAN WG4

Changes in RAN WG4 are divided into the RRM and RF core parts, in TS 25.133 and TS 25.101 respectively. 

With regards to RRM changes in TS 25.133, the only modification that we need to introduce is to account for presence of the DPDCH channel while calculating UE remaining power for data (re-)transmission on the primary frequency. In fact, the proposed modifications are taken from the single-carrier power calculations where DPDCH can be present.

Concerning the RF part in TS 25.101, the only modification is addition of the DPDCH channel to the UE maximum output power requirements. The DPDCH channel is already present for the single-carrier operation but is absent in corresponding tables for dual carrier HSUPA because such a combination was not allowed.

3
Conclusion

In this discussion paper we have presented our initial considerations regarding DC-HSUPA enhancements for UTRAN CS.  According to our implementation feasibility and specification analysis, combination of dual carrier HSUPA and DPDCH can be accomplished by re-using existing code configurations that are already used for the single-carrier UL mode. Such an approach allows for re-using existing functional components which in turn results in minimal specification changes in all impacted WGs.

