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1
Introduction

The Fractional DPCH (F-DPCH) has been proposed by Nortel since RAN1#32 in a number of contributions and has been extended by Philips since RAN1#35 in the framework of HSDPA enhancements in 3GPP RAN Rel-6. Whilst [1] depicts the general approach [2], [3] and [4] investigate the impact of the F-DPCH on inner and outer loop power control whereas [5] discusses mainly interactions to existing physical layer procedures and highlights areas of further work. After RAN1#35 the F-DPCH proposal was included into the TR 25.899 on HSDPA enhancements [6]. At RAN1#37, a summary and proposed requirements for F-DPCH were provided in [7].
In this document we list our concerns on the specified proposals.
2
Concerns regarding the F-DPCH Proposal
2.1 General Use of F-DPCH

As stated by Nortel, the F-DPCH can only be employed for data only users which need no DCH. This reduces the efficiency of the proposal as the full gains can only be exploited when a sufficiently high density of such users is given on a per cell basis. For users with a parallel dedicated connection such as voice a DPCH is required, disallowing the application of the F-DPCH concept.
Moreover it has to be noted, that the concept is only beneficial if the system is code limited in the DL.
2.2 Impact on RRC Signalling

In case of the F-DPCH the RRC signalling carried on the DPCH must be mapped onto the HS-DSCH. This means that the RRC signalling is moved from a dedicated channel to a shared channel. In this case provision of a sufficiently high message delivery integrity must be ensured. In particular, if the user is in a poor channel condition, RRC signalling messages carrying handover related information must be transported in a fast way over the HS-DSCH, i.e. with a delay of around 100ms. This requires a priority handling in the RNC scheduler for sending RRC signalling messages. How this will be mapped onto the priority indicator needs further study. The standard would need to define the upper boundary for the RRC signalling delay if transported over HS-DSCH.

2.3 Backwards Compatibility
Option 4 and option 5 in [6] omitting dedicated pilots would have a serious UE implementation  impact on DL power control: It has already been stated by other vendors, that SIR estimation is usually done by hardware and the TPC commands are treated by software. Changing the scheduling of the inner power control procedure would require changing both hardware and software in the UE.
For options 1 (pilot unchanged, TPC advanced in time) and 5 (no pilot, TPC at pilot position) affecting UL inner power control in order to have a one slot PC delay, the SIR estimation timing requirement in the Node B is affected, which also creates an impact on existing Node B hardware.

Due to the fact that multiple users share the same channelisation code, a considerable impact on the Node B architecture is expected regarding  the administration of channelisation codes. In particular it requires the definition of multiple instances for one channelisation code. In addition an impact on administration of channelisation codes by O&M is seen.
Furthermore, the complexity increase when introducing a configurable spreading factor for the F-DPCH as proposed by Nortel has to be studied.

2.4 Code Saving Performance
The achievable code consumption gain compared to signalling radio bearer (SRB) with SF= 256 is relatively small (1.625..3). In addition the gain reduces with decreasing SF.

Option 3 is not giving any code saving benefit compared to the reference case, e.g. with F-DPCH using SF=128 two users can be accommodated, which would also be possible if each user employs one SRB with SF=256.
Note that the interference power caused by the associated DCHs is not reduced using the F-DPCH.
2.5 Interactions with Existing UTRAN Features
The comments mainly relate to [5], [6] and [7].

2.5.1 Open Loop TX Diversity

STTD cannot be performed for all symbols on the F-DPCH as long as the sequence of transmitted symbols per user is not a multiple of 2, resulting in a degradation for the remaining symbol. In the suggested F-DPCH slot structures 1 to 3 [6] this loss will occur. An alternative would be to define a new open loop TX diversity mechanism for F-DPCH similar to TSTD used for SCH, i.e. to change the antenna only slot wise.

2.5.2 Closed Loop TX Diversity
Each UE will send feedback information on the used downlink antenna by the FBI field in the correspondent uplink DCH. For TX diversity mode 1 this requires several times changes of antenna weights during the slot, and hence has some impact on Node B hardware and software. The same argument holds for TX diversity mode 2.
If Closed Loop TX diversity has to be supported by the UE then options 4 and 5 omitting the dedicated pilot cannot be operated.
2.5.3 Beamforming

For fixed beamforming (grid of beams) the use of a secondary CPICH instead of the dedicated pilots needs further study with regard to the use of F-DPCH. If the beam characteristics are not changed during the slot then users “moving away from the beam” cause additional interference by requesting higher power for the downlink F-DPCH and thus have to be switched over to another more suitable beam and to a resource based on a fraction of the slot in case of the F-DPCH.
For applying adaptive beamforming only slot structures including dedicated pilots for synchronisation can be used. Moreover the dynamic aspects of beamforming have not yet been studied. For instance take a scenario, where two UEs having each a F-DPCH in the same cell and use the same slot are moving away from each other. This needs to be taken into account by beamforming and hence requires dynamic adaptation of the beam between the F-DPCHs in one slot. Hence beamforming needs to be operated on basis of a fraction of the slot. In addition, users need to be switched to other beams based on a fraction of the slot, putting additional requirements on the Node B.
2.5.4 Compressed Mode
In compressed mode no compression of higher layer data is needed due to the absence of a transport channel, which means that no change of spreading factor is required. However the definition of a recovery procedure after interruption to reach the outer loop power control target is required. Nortel states, that a similar procedure already exists in Rel-99, 4 and 5. We believe that further study is needed here.
2.5.5 Soft Handover

The availability of soft handover for F-DPCH is not yet decided.
Furthermore, the impact on the maintenance of the UE reception window, defined to be less than 148 chips, which equals about 1 symbol for SF=128, needs to be investigated. Suppose a scenario, that a UE needs a F-DPCH with a timing offset from CPICH boundary that is already being used by another UE. Because of the greater sequence length of the F-DPCH than the maximum length of the reception window, a new channelisation code would consequently be needed and the code saving would be lost in this case.

As stated in one of the last RAN 1 meetings, the reliability of TPC commands sent on the DL could be reduced for F-DPCH in soft handover. This also needs further study.

Nortel suggests switching off soft handover for F-DPCH and uplink DPCH respectively. This would lead to less robustness of the uplink DPCH, requiring in turn a higher SF for both directions and hence yielding lower data rates, which needs further study.

2.5.6 Power Control

As for F-DPCH no DL transport channel exists, no outer loop power control mechanism is in operation. This requires the definition of a different closed loop PC type for F-DPCH or the reuse of an alternative PC scheme from secondary CCPCH or PDSCH, which needs further study.

Only options 1, 3 and 5 would support PC with one slot delay, however reduction in SIR estimation accuracy would have to be accepted. This has an impact on existing hardware in both the UE and Node B. Options 1 and 5 lead to less available processing time for UTRAN between end of reception of UL pilot until transmission of UL TPC command, which is reduced by 0.2-0.23 ms. This identifies a severe hardware impact and thus needs further investigation.
Thereagainst the proposed options 2 and 4 for F-DPCH yield a two slot delay for DL closed loop PC. A one slot PC delay is believed beneficial for medium velocities around 30 to 40 km/h, whereas for higher velocities interleaving has a major impact on the channel robustness. Hence the loss obtained for those velocities for admitting a 2 slot PC delay needs further investigation.
3 Conclusions
In this contribution we have discussed the F-DPCH proposal and we believe that this proposal included in the TR on HSDPA enhancements [6] requires further study.
In our opinion, the backwards compatibility aspects, the overall performance for different cell configurations and the interactions with existing UTRAN features should be in the center of interest.

Therefore, in particular the concerns listed above need to be taken into account, when starting the F-DPCH design.
In fact, the F-DPCH concept introduces a TDMA component and thus contradicts the FDD WCDMA principles, leading to most of the indicated backward compatibility problems and to the depicted interactions with existing UTRAN features.

We therefore propose to look also into alternative proposals for DL code saving in the case of HSDPA data only users. One solution which should be looked at is a low rate DPCH with a spreading factor (SF) of 512, which would give a constant code saving gain of 2 against the reference case of 1 SRB with SF=256. Due to the fact that this solution fits better with the FDD WCDMA concept, it is believed that this results in less backwards compatibility issues and problematic interactions with existing UTRAN features.
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