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1 Introduction

In Rel-5 it was made possible to configure HS-DSCH transmissions along with DCH services [1]. The same coexistence principle is used for the DL part of recently standardized features such as Dual Carrier HSUPA for UTRAN CS [2].
Enabling DCH services along with HS-DSCH transmissions implies replacing the usage of the F-DPCH by the DL DPCH, which in some cases brings as a side effect a further reduction in the number of codes that can be allocated to HS-PDSCH transmissions. 
This contribution provides more details on the number of available HS-PDSCH codes when DCH services and HS-DSCH transmissions are simultaneously used.
2 Code availability for the HS-PDSCH
A HS-PDSCH corresponds to one channelization code of fixed spreading factor SF=16 from the set of channelization codes reserved for a HS-DSCH transmission.  Multi-code transmission is allowed, which depends on the UE capability and refers to the possibility of assigning multiple channelization codes to a UE during a given HS-PDSCH subframe [3]. Figure 1 shows how up to 15 codes can be assigned for a HS-DSCH transmission, makes possible to achieve the highest bit rates.
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Figure 1: Channelization code tree: Up to 15 codes can be assigned for HS-DSCH transmissions.
The channelization code tree shows that in principle all the branches but one are usable for HS-DSCH transmissions, being the branch located on the left hand side of channelization code tree the one reserved for some other physical channels using Spreading Factors beyond 16. The table below shows the spreading factors used by some of the downlink physical channels.

Table1: Spreading Factors of some Downlink Physical Channels when DL DPCH is/is not simultaneously used with HS-DSCH
	DL Physical Channels
	Stand alone HS-DSCH
	HS-DSCH and DL DPCH being simultaneously used

	E-HICH
	SF = 128
	SF = 128

	E-RGCH
	SF = 128
	SF = 128

	E-AGCH
	SF = 256
	SF = 256

	F-DPCH
	SF = 256
	Not used

	HS-SCCH
	SF = 128
	SF = 128

	HS-PDSCH
	SF = 16
	SF = 16

	DL DPCH
	Not used
	SFs from 256 to 8, are used for DL DCH services covering rates from 3.4Kbps to 384Kbps.


Table 1 shows that configuring HS-DSCH along with DCH services implies reserving codes within a range that goes from 256 to 8, which puts a limitation on the maximum number of codes that can be assigned for HS-DSCH transmissions. Figure 2 shows the code tree branches that have to be reserved for non HS-DSCH transmissions when a SF equal to 8 is simultaneously used by the DL DPCH.
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Figure 2: Channelization code tree: Up to 12 codes can be assigned for HS-DSCH transmissions when DCH services are simultaneously enabled.

As can be seen from Figure 2, if HS-DSCH is used along with a single DL DPCH using SF = 8, then the maximum number of codes that can be assigned for HS-DSCH transmissions goes down to 12 codes. So, when HS-DSCH is used along with DCH services, the number of usable HS-DPSCH codes depends not only on the UE capability, but also on the number and bit rate of the DL DPCH channels that are simultaneously being used during a given HS-PDSCH subframe. Based on the above analysis, the downlink should reflect the modifications suffered on the HS-DSCH capacity when DCH services are supported along with HS-DSCH transmissions. An example showing how such a clarification could be stated has been added to subclause 4.2.13.8 of the technical specification 25.212 [4]:
4.2.13.8
High Speed Downlink Shared Channel (HS-DSCH) associated with a DCH

-
There can be only one TrCH in an HS-DSCH CCTrCH, i.e. I = 1, 

-
In case the UE is not configured in MIMO mode and not in MIMO mode with four transmit antennas or the UE is configured in MIMO mode and single-stream restriction is configured, there can only be one transport block in each transmission time interval, i.e. M1 = 1. In case the UE is configured in MIMO mode, there can be one or two transport blocks in each transmission time interval and in case the UE is configured in MIMO mode with four transmit antennas, there can be up to four transport blocks in each transmission time interval.

-
The transmission time interval for TrCHs of HS-DSCH type is always 2 ms.

-
The maximum value of the number of HS-PDSCHs P are given from the UE capability class. The maximum number of usable HS-PDSCHs depends on the number of DL DPCHs and the bit rate of the DL DPCHs that are simultaneously being used at a given HS-PDSCH subframe.
According with the UMTS specifications, the variable “P” mentioned in subclause 4.2.13.8 of the Technical Specification 25.212 refers to the maximum number of HS-PDSCHs as given by the UE capability, which so far only accounts for the channelization codes reserved for control channels with spreading factors beyond 16.
Proposal 1: Clarify that the maximum number of codes that can be assigned for HS-DSCH transmissions depends not only on the UE capability, but also on both the bit rate and number of DL DPCHs that are simultaneously being used during a given HS-PDSCH subframe.
3 Conclusions 

The possibility of using DCH services along with HS-DSCH transmissions was added to the UMTS standard as part of the 3GPP Rel-5. This contribution has pointed out that both, the bit rate and number of DL DPCHs impose certain restrictions in the number of usable codes for HS-DSCH transmissions. The current standard description dealing with the coexistence of DCH services and HS-DSCH transmissions doesn’t account for the fact that using DL DPCHs may reduce further the number of codes available for HS-PDSCH transmissions, since it only accounts for the channelization codes reserved for control channels with SFs beyond 16.
From the performed analysis the following points can be highlighted:
· In Rel-5 it was made possible to configure DCH services along with HS-DSCH transmissions.
· The same coexistence principle is used for the DL part of recently standardized features like Dual Carrier HSUPA for UTRAN CS.
· As shown in Figure 1, when DCH services are not used along HS-DSCH transmissions it is possible to use up to 15 codes for HS-DSCH, which depends on the UE category. Using 15 out of 16 codes makes possible to achieve the highest bit rates.
· On the other hand, Figure 2 shows that the simultaneous usage of HS-DSCH and DCH services adds a limitation on the maximum number of codes that can be assigned for HS-DSCH transmissions. This because the maximum number of usable HS-DPSCH codes will depend not only of the UE capability, but also on the number and bit rate of each DL DPCH that is simultaneously being used during a given HS-PDSCH subframe.
· Based on the above analysis, the downlink should reflect the modifications suffered on the HS-DSCH capacity when DCH services are supported along with HS-DSCH transmissions. 
· An example on how this clarification could be added to subclause 4.2.13.8 of the technical specification 25.212 can be found in the section 2 of this document.
Based on the analysis performed in this contribution, the following proposal has been stated:

Proposal 1: Clarify that the maximum number of codes that can be assigned for HS-DSCH transmissions depends not only on the UE capability, but also on both the bit rate and number of DL DPCHs that are simultaneously being used during a given HS-PDSCH subframe.
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