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1 Introduction

A study item for DCH enhancements to UMTS was approved in RAN plenary #58 [1]. This contribution discusses content and scope of this study item and evaluates the proposals made so far.
2 Discussion
The detailed objectives of study item are [1]:
“

· Investigate mechanisms to enhance the efficiency of the dedicated channel, for example

· removal of DL dedicated pilot bits

· introduction of frame early termination schemes on both UL and DL

· optimization of power control mechanism
· optimization of soft handover mechanism to facilitate the early termination schemes.

· Investigate mechanisms to enhance the UE power consumption efficiency and system capacity improvements of the dedicated channel, for example 

· Time division multiplexing of multiple users on a single channelization code 

· DL DCH DRX and UL DCH DTX 

· Interaction of the frame early termination schemes with other power savings enabling features such as CPC in a multi-RAB call

· Identify the specification and implementation impacts affecting UE and UTRAN
The study should analyze performance benefits with regard to existing solutions, e.g. voice over DCH and voice over HSPA. If during the study, possible bottle-necks in voice over HSPA are identified, solutions eliminating such bottle-necks could be considered.
“
The evolution trend in the RAN1 specification from Rel-5 onwards has been on creating and improving the packet switched service on HSPA. The main applications for the DCH have been transmission of voice and control information. At the same time it has been assumed that evolution of voice service would also move the traffic to packet service domain through VoIP solutions or as pointed out in [3] CSoHSPA feature is aiming on accommodating circuit switched traffic on HSPA with modest overhead (e.g. use of HS-SCCH less feature). Note that the LTE system is completely packet based system also sharing similarity to HSPA approach. Hence, it is natural that continuing improving the HSPA should be the main target of the specification evolution. As mentioned in the SID, performance benefits over existing solutions such as voice over HSPA are expected to be analysed as a part of the DCH enhancements studies.
Some DCH enhancement proposals were made in [2] and some comments were discussed in [3]. The main improvement features proposed in [2] are:
· Modified low rate voice codec

· DPCH modifications

· Early termination of frame decoding and ACK signalling

· Time multiplexing of UEs in downlink

· Reduced dedicated pilot overhead in downlink

· Compression and repetition principle in uplink

· Power control gaps 

Below, enhancements proposed in [2] are considered further:

The reference radio bearer configurations used in radio bearer interoperability testing include conversational speech cases for DTCH where bitrate varies from 12.2 kbps to as low as 4.75 kbps ([4], section 6.10.2.4.1.11). Several encoding rates can be supported by the current AMR codec already including the 5.9 kbps rate [4]. The information bitrate naturally has impact on the speech quality but in general improving or modifying the voice codec is outside RAN1 scope. The existing agreed testing transport channel configurations do not most probably fit to the proposed new information message sizes requiring further specification and testing effort, for example adding new transport format combinations in TS34.108. Furthermore, from a physical layer performance point of view, reducing information bitrate naturally improves the voice user capacity in current system already both for DCH and HSPA without any modifications, other than the testing effort. Hence the modified voice codec can be seen as a somewhat independent feature which could equally be considered for use with the existing DCH and HSPA physical layer.
The proposed early termination of frame encoding and ACK signalling is in some sense similar to having a HSPA HARQ with incremental redundancy but having a fixed number of transmissions. In other words, this proposal can be seen as an attempt to define a subset of existing HSDPA HARQ functionality on DCH. Using early termination some part of transmission can be terminated to reduce the energy needed to transmit the message whereas in HSPA HARQ that part of time can further be used in system to benefit other users by scheduling them instead. One should note that a receiver can already now make an early termination of frame processing without modifications to specification. However decoding the same frame multiple times does not reduce power consumption but instead on average it increases power consumption due to the increased baseband processing. At any rate, even if the early termination procedure determines that a speech frame can be decoded early, it is not feasible to stop RF or baseband receiver slot processing due to the need to maintain uplink and downlink power control loops, possible sync status monitoring and so on. There could be some reduction in transmitter energy consumption from the early termination of the transmission processing.
Time multiplexing of UEs can be considered a similar attempt to introduce HSDPA-like functionalities in DCH. HSDPA can already support time multiplexing of UEs and HSDPA voice and data users can be time multiplexed with each other. In fact, the speech oriented DCH should have relatively high spreading factor indicating efficient suppression of multi path interference, hence system performance wise the new time multiplexing scheme could have negligible benefit over just using the current code multiplexing approach.
As HSDPA does not have dedicated pilots, a proposal is made in [2] to remove dedicated pilots on DCH downlink. The development of UMTS specification has moved the multi antenna technique evolution from DCH to HSPA leaving the need for dedicated pilots less obvious. Currently, the main need for dedicated pilots may be in SINR estimation for the power control purposes and possibly out-of-sync measurement procedure handling etc. On the other hand, out-of-sync measurements without dedicated pilots need to be supported already now if only the F-DPCH has been configured. However, more accurate SINR measurement would be beneficial if DCH data exists compared to the case that there is only a TPC command present since more energy is used for transmission. Accuracy of SINR measurement can be improved by utilizing dedicated pilot bits. Considering the overhead gain, for example, at spreading factor 128 e.g. downlink DPCH slot format 8 has 2 pilot symbols out of 20 indicating 10 % overhead in contrast to claimed 24% in [2]. Similar overhead configuration exists at spreading factor 256 in slot format 3. Considering the implementation and testing effort of new slot format gaining 10 % in overhead is questionable further considering the potentially degraded quality power control.
Care should be taken considering time multiplexing new information on the TPC bits in downlink. Multiplexing of ACK was proposed in [2] into the TPC field. If a new DPCH slot format without the dedicated pilots would be defined, one could consider using similar out-of-sync definition as for the F-DPCH based on the TPC field as stated in TS25.101. In this case, one should maintain the same TPC information structure for DPCH and F-DPCH to ensure adequate out of sync performance, similarly to F-DPCH.
The enhancements target reducing the resource consumption of the DCH but many of the features could have a negative impact into the power control. These enhancements include, removal of dedicated pilot, multiplexing TPC and ACK, switching off power control etc. Care should be taken in order to maintain power control performance in uplink and downlink.
Summarizing the DCH development steps it seems that many of the proposed DCH enhancements on the SI target are introducing HSPA like functionality on DCH channel, but without the full flexibility of HSPA. As support for the voice services with the HSPA has already been specified it would be preferable to continue developing the HSPA instead. Having a focused evolution path is highly beneficial, considering both the capacity limitations in RAN working groups to standardise new features, and the very significant effort and cost associated with implementing and testing the new UE and network functionalities. Also as discussed in this contribution the benefits of proposed modifications in [2] are rather questionable or beyond the scope of RAN1. As indicated in the SID, the study should analyze performance benefits with regard to existing solutions, e.g. voice over DCH and voice over HSPA. Our view is that compelling benefits over existing available solutions to improve voice capacity such as CS voice over HSDPA which was standardised in 3GPP release 7 would need to be demonstrated, especially considering the timescale and effort needed to specify, develop and test new features. In this context, we note that many of the HSPA+ features which are necessary or beneficial for an HSDPA voice connection such as DRX, DTX, F-DPCH and mobility enhancements such as enhanced serving cell change and multiflow also provide strong benefits for data users and their usage is not in any way restricted to voice bearers. Considering the continued evolution towards smartphones, there seems to be a much stronger incentive to develop features which will benefit both data and voice services, rather than features targeted only at voice service.
3 Conclusion
Many of the proposed DCH enhancements on the SI target are introducing HSPA like functionality on DCH channel, but without the full flexibility of HSPA. As the HSPA has already been specified it would be preferable to continue developing the HSPA instead. Having a focused evolution path is highly beneficial, considering both the capacity limitations in RAN working groups to standardise new features, and the very significant effort and cost associated with implementing and testing the new UE and network functionalities. Also as discussed in this contribution the benefits of proposed modifications are rather questionable or beyond the scope of RAN1. As indicated in the SID, the study should analyze performance benefits with regard to existing solutions, e.g. voice over DCH and voice over HSPA. Our view is that compelling benefits over existing available solutions to improve voice capacity such as CS voice over HSDPA which was standardised in 3GPP release 7 would need to be demonstrated, especially considering the timescale and effort needed to specify, develop and test new features.
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