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1
Introduction
In this document we identify a set of radio system related study areas to be considered as part of the HSPA evolution study. We provide a brief description of potential enhancements as well preliminary evaluation of the possible gains when available. 

2
Uplink Overhead Channel Optimization

Different techniques have been investigated to reduce the overhead caused by the control channels in the UL in the context of the CPC WI [1]. The overhead caused by the data-associated control channel has been identified to be especially costly (both from a system capacity and link budget point of view) for applications requiring small payload sizes such as VoIP or other type of interactive applications. 
2.1 
E-DPCCH Optimization
We have proposed a set of enhancements as part of the CPC work item. In [3], [4] and [5], we present techniques related to optimizing the E-DPCCH channel. The common goal is to reduce the overhead of the data-associated control channel without impacting the flexibility to use a sufficiently large set of data rates, keeping the same decoder structure as already is in place for the current E-DPCCH and facilitating the use of more advanced decoding techniques exploiting the structure of the E-DPCCH over retransmissions.
2.2
HS-DPCCH Optimization
The HS-DPCCH channel carries 2 slots of 5 bits of CQI information representing 32 levels of channel quality.  We question the high degree of quantization of channel quality (and hence the link efficiency of the HS-DPCCH channel) in the case of low data rate applications such as VOIP. 

For example, the following questions arise:

· In a VOIP application, how sensitive is the HSDPA scheduler to a CQI measurement report level of 24 compared to 25?

· How much does VOIP capacity degrade if we quantize the CQI information to 8 levels instead of 32 levels?

· What is system performance benefit if HS-DPCCH were further enhanced?

To help improve HS-DPCCH link performance, a potential approach to reduce the uplink control overhead is to reduce the CQI quantization levels.
Preliminary results
Figure 2 illustrates the potential gain in quantizing the HS-DPCCH channel to 8 or 4 levels on the AWGN channel. The example is for the case when number of CQI levels = 4/8/32. The coding scheme selected for the reduced number of E-TFCI bits is backward compatible in the sense that the encoding matrix is a sub-matrix of the original (20,5) first order RM encoder matrix currently being used for the 5-bit CQI sent on the  HS-DPCCH channel.

For the (20,2) case we observe approximately 2.0 dB improvement over the (20,5) case while for the (20,3) case, we observe approximately 1.0 dB improvement over the (20,5) case.
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Figure 2: Improved HS-DPCCH Link Efficiency due to reduction in CQI levels
Issues to be studied
· Evaluate system performance sensitivity to the CQI quantization level

· Evaluate alternate CQI encoding methods

· Evaluate system gains in the absence and presence of other HSPA uplink enhancements.
2.3
Uplink DPCCH Optimization

The DPCCH channel serves as a coherent reference for the Node-B uplink receiver. As a means to improve further the link efficiency of the E-DPDCH channel, we explore the sensitivity to using different DPCCH slot formats. An improved link efficiency translates to improvement in both system capacity and cell edge coverage.
Preliminary Results
Figure 3 illustrates the effect of different DPCCH slot formats on E-DPDCH Link Efficiency. 
· (6,2,2) : 6 Pilot, 2 TPC, 2TFCI

· (8,2):
8 Pilot, 2 TPC

· (10,0):
10 Pilot Bits (used as a bound)
In each of the cases (2ms TTI, 4 max transmissions), we only make use of the pilot bits for the purpose of establishing a coherent phase reference at the Node-B receiver.
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Figure 4 Effect of different DPCCH slot formats on E-DPDCH Link Efficiency,                VA 30 km/hr, E-DPDCH PS = 120 bits

We observe a gain of approximately 0.5 to 0.6 dB improvement between (8,2) over (6,2,2) slot formats while a further gain of 0.2 to 0.3 dB gain between (10,0) and (8,2) DPCCH slot formats.
Issues to be studied

· Explore an additional slot format options which offer the best trade-offs for specific scenarios

· Evaluate system gains in the absence and presence of other HSPA uplink enhancements.
3
Higher Modulation support on E-DPDCH

As Node-B receivers are being improved, the possibility to exploit higher order modulations and obtain higher user peak rates than currently specified is worth considering. For example, peak physical layer rates of 11.5 Mbps could be supported with the introduction of 16-QAM modulation.
Although deemed unnecessary for QPSK modulation the definition of a secondary uplink reference signal [5] may be beneficial when operating with higher modulation orders.

Issues to be studied:

· Choice of higher modulation (8-PSK, 16-QAM)

· UE power amplifier issues related to higher order modulation (e.g. cubic metric).

· Evaluation of the user and system throughput improvements.

· Evaluation of the need for an improved uplink reference signal
4
Node-B Signaling for Improved Interference Cancellation

A detailed study [6] was presented on the benefits of cancelling interference on the uplink at the Node-B receiver. The study addressed the benefits of cancelling intra-cell interference, since the Node-B has knowledge of the UE for which it is part of the UE’s active set. 

However, there is further gain to be expected if a Node-B attempts to cancel inter-cell interference i.e. interference caused by UE’s for which the Node-B is not a part of the UE’s active set. For this purpose, RNC may need to share scrambling codes of non-AS UE’s of neighboring cells.

Issues to be studied:

· Characterize system capacity improvement associated with inter-cell interference cancellation.
5
Reduced Uplink Power Control Rate

When the number of HS-DSCH users is high (eg. VOIP), the downlink overhead channel F-DPCH (this channel carries UL TPC bits every slot to a UE) will become a scarce resource. Reducing the uplink power control rate by a factor N, we could potentially increase the re-use of the F-DPCH by the same factor N and reduce control overhead accordingly.
Preliminary Results

Figures 11 illustrate the link efficiency performance of the E-DPDCH channel at low and high velocity for both the existing and reduced power control rate. Preliminary observations indicate that there is minimal change (+/- 0.1dB) when reducing the uplink power control rate from 1500 Hz to 500 Hz.
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Figures 11: Effect of reduced UL PC rate on E-DPDCH Link Efficiency,                                PA-3 (left), VA-120 (right) , E-DPDCH block size = 120 bits, slot format 1
Issues to be studied:

· Evaluate the sensitivity to reduced power rate with various E-DPDCH block sizes

· Evaluate impact on HS-DPCCH performance

· Evaluate the reduced power control rate with CPC DTX/DRX mode enabled

· Evaluate system gains in the absence and presence of other HSPA uplink enhancements.
6
64-QAM support on the HS-PDSCH

Improvements in technology and advanced receivers are enabling the effective noise factor in UEs to get lower. This allows UEs to effectively achieve a significantly higher C/I at the output of the receiver chain. Furthermore, hot-spots situations are increasingly being considered as deployment scenarios by operators. In these scenarios the cell radius is small, and the inter-cell interference significantly reduced, thereby offering very high geometries – i.e. C/I values at the input of the receivers.

These changes have made 64-QAM on the downlink an interesting means to increase the peak throughput that can practically be achieved with the HS-DSCH.
Issues to be studied:

· Explore the need for an additional pilot reference

· For example dedicate pilot bits inserted in the HS-PDSCH.
· This additional pilot reference could also be used to improve the performance of equalizers in the UE, as well as improve the CQI reporting accuracy.
· Evaluate the need to signal an amplitude reference (T/P or other) for accurate constellation de-mapping.

· Evaluate the link performance.

· Characterize the system performance benefits
7
Improved RLC PDU Creation
The existing RLC was designed for Release 99, i.e. dedicated channels, fairly low data rates, rates that change infrequently, a network architecture where RLC performs all scheduling control, etc. W-CDMA has radically evolved since Release 99, and the old RLC has been patched several times to try and keep up with this evolution. As we head into HSPA+ achievable data rates are expected to increase further, and achievable latencies expected to drop significantly. It is expected that RLC will not be able to follow, and patching it further will bloat it up to the point of making it too inefficient.
There is a need to evaluate the existing RLC and consider if it is time to make radical changes to it in order to efficiently deliver all the network and air-interface enhancement brought through with HSPA+ as well as future enhancements.

8
Improved Repointing

When HSPA was designed, rapid repointing was deemed to not be of an issue. These conclusions were based in part on the full-buffer cell throughput simulations that were done. Furthermore, the stage 2 document for HSDPA as well as HSUPA specifically excludes optimizing the system for conversational services.

Since then the HSUPA and HSDPA serving cells have been fixed to be the same, HSDPA deployments are offering field data, and user traffic is looking less like full-buffer and more like conversational services. Given this new data it is appropriate to re-evaluate the performance of repointing and improve it if necessary.
Issues to be studied:

· Evaluate the performance of repointing for conversational services under typical field conditions
· E.g. uplink/downlink antenna misalignment, driving through urban canyons, etc.

· Evaluate the effect on system capacity.

· Evaluate the effect on call quality.

· Evaluate improved repointing procedures.
9
Improved Cell Edge Performance

HSDPA and HSUPA were designed with the full-buffer traffic model as the prime model for performance evaluation. In this model the cell throughput was maximized by offering users different throughputs, based on a fairness criterion. As numerous services are being migrated to the PS domain it worth considering enhancements which would maximize the system capacity under equal and/or minimum grade of service constraints.
Issues to be studied:

· Evaluate HSPA enhancements which offer improved cell-edge performance.
10
Summary

We’ve described a set of radio system related study areas to be considered as part of the HSPA evolution study item. We propose that these areas are captured in the HSPA evolution technical report as summarized below:

Radio system related study areas

· Uplink control channel overhead reduction

· Higher order modulation on the E-DPDCH

· Node-B signaling support for improved interference cancellation

· Reduced uplink power control rate

· 64-QAM support on the HS-PDSCH

· Improved RLC PDU creation

· Improved cell re-pointing

· Improved cell edge performance
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