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1 Introduction
This document outlines proposals for improving the efficiency of downlink channelisation code usage for TDD HSDPA “data-only” users (ie: those with no conversational-class traffic).

This work is discussed within the framework of the “Optimisation of channelisation code utilisation for TDD” work item.
2 F-DPCH for FDD
The fractionated DPCH concept [1] has been discussed for FDD as a means for improving the channelisation code efficiency of HSDPA.  In this concept, for HSDPA “data-only” users (ie: those with no conversational-class traffic), downlink signalling (DCCH) and traffic (DTCH) are not mapped to a DCH transport channel and are instead mapped to either the HS-DSCH or FACH transport channels.
Figures 1a and 1b illustrate two possible configurations in Rel-5 HSDPA.  Figure 1a corresponds to the case in which DCCH is mapped to DCH and figure 1b to the case in which DCCH is mapped to HS-DSCH.
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It’s clear that in figure 1b, allocation of a downlink DPCH is an inefficient use of radio resources since its uses are reduced to:

· Carrying TPC for uplink DPCH

· Carrying dedicated pilots for downlink

In the F-DPCH concept, the downlink code resources used for transmission of TPC and (possibly) pilot are used/shared by multiple users and time-multiplexing is used.  That is to say that multiple users share a single downlink channelisation code and are time-multiplexed onto it (Figure 2).
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Figure 2
The number of downlink channelisation codes used for a given number of users is therefore reduced when compared to the case in which a DL DPCH is allocated to each HSDPA user, and the system becomes less code-limited.

One possible example of operation using the F-DPCH concept is shown in figure 3.
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3 TDD
For TDD, the DL DPCH is used for the following purposes in release 5:

1.28Mcps TDD

1. to potentially carry higher layer data (but only if any data is mapped to the DCH)
2. to carry TPC for uplink DPCH power control

3. to carry SS for uplink DPCH synchronisation

3.84Mcps TDD

1. to potentially carry higher layer data (but only if any data is mapped to the DCH)
Figures 4a and 4b illustrate the release 5 scenario for 1.28Mcps and 3.84Mcps TDD respectively.  In this example the DCCH is mapped to HS-DSCH:
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When the physical layer receives no data on the DCH transport channel, the DPCH CCTrCH is DTX’d (except for special burst which is transmitted with a period set by higher layers).  In this situation, uplink DPCH power control and synchronisation are generally impaired for 1.28Mcps TDD due to a slower update rate.  For both 1.28Mcps and 3.84Mcps cases, downlink code efficiency is poor when no higher-layer data is mapped to DPCH: the code resources are dedicated and may not be re-used by other users even though DTX of the code resources is frequent.  Conversely, if higher layer data is mapped to DCH, this reduces the amount of resources that may be used by the more-efficient HS-DSCH and cell capacity is reduced.
In the case that the higher layer data is mapped to transport channels other than DCH, the DL DPCH serves only the following uses for HSDPA “data-only” users:
1.28Mcps TDD

· to carry TPC for uplink DPCH power control

· to carry SS for uplink DPCH synchronisation

3.84Mcps TDD

· < no uses >

4 Proposals
4.1 3.84 Mcps TDD
For 3.84Mcps, a simple solution exists: remove the requirement for an associated downlink DPCH to be established when using HSDPA.  Of course, a DPCH may still be established if the traffic needs of the user require it, or if desired for any other reason.
Peripheral issues surrounding in/out-of sync procedures and signalling to support HSDPA operation without an associated downlink DPCH need to be considered and remain FFS.

4.2 1.28 Mcps TDD
For 1.28Mcps a solution is required to convey TPC and SS to the UE in the absence of a DL DPCH.

One possibility here is to employ a new common channel in lieu of the downlink DPCHs to carry the necessary TPC and SS information for the associated uplink DPCH.  This channel is termed hereon the “Physical Layer Common Control Channel” or PLCCH.  TPC and SS for other uplink DPCH CCTrCHs (ie: not the HSDPA-associated UL DPCH) would continue to be carried on the DL CCTrCHs mapped to them (by higher layer signalling), as is the case for release 5.

Due to the fact that the PLCCH would need to be received by multiple UE’s it would not be possible to minimise the transmission power to each individual user (in contrast this can be done for the DPCH).  This carries some power efficiency loss for the TPC and SS symbols.  However, a far greater power saving is made due to the fact that the redundant data payload portions of the DPCH or special bursts (non-TPC/SS symbols) no longer need to be transmitted.  Very simplistically, for example, if 4 users had DL DPCH power P1, P2, P3, P4, and these could be replaced by a single channel of power P0 = max(P1, P2, P3, P4), then it is clear by inspection that P0 < (P1+P2+P3+P4).
Thus, the use of a common TPC/SS physical channel would carry two primary benefits:
1. for a given TPC/SS update rate, overall transmission power resources are reduced when compared to multiple DPCH / special burst transmissions

2. the code resources used for the transmission of TPC and SS information to the multiple users are greatly reduced
A further and substantial benefit is that the uplink power control and synchronisation update rates may be maintained if desired, whereas when using special bursts or fractional DPCH’s (transmitted only every Nth frame), the update rate is correspondingly slower.
Each user must have knowledge of where the TPC and SS bits specifically destined for it lie within the PLCCH.  There are many ways of achieving this, either via explicit means (eg: RRC or L1 signalling) or by implicit or associative means (eg: related to other system parameters such as RNTI etc…).  The details of this are FFS.

The PLCCH may not need to be transmitted in every subframe.  This would allow for flexible use of system resources as the number of users actively using the PLCCH is increased or decreased.  However, there is of course some degree of trade-off in that the TPC and SS update rates are also a function of how often the PLCCH is transmitted.

Additionally, the information for a given user need not be present in each PLCCH instance.  This would enable the system to handle higher loads without consuming more resources, at the expense of TPC and SS update rate.

4.2.1 Coding for PLCCH
TPC information is binary.  The TPC command is either “up” or “down”.

SS information is tri-state.  The SS command is either “up”, “down” or “do nothing”.

Current methods of coding the TPC and SS bits are limited to repetition coding.  However, on moving to the PLCCH concept, the possibility of using other coding techniques becomes possible.  Efficiency savings may also be made by using only log2(3) = 1.585 bits for the tri-state SS command, as opposed to the 2 bits currently used.  This is made feasible by the fact that multiple users share the PLCCH and so multiple SS commands are jointly encoded.

Thus, to send TPC and SS to a single user, a six-state value must be signalled.  Rather than using 3 bits to achieve this per user (1 bit for TPC and 2 bits for SS), the six-state commands for all users are used to form one PLCCH word.  For example, 10 users using 1 bit for TPC and 2 bits for SS would require a total of 10*3=30 bits.  However, by jointly encoding the commands across users, this could be achieved using 10*log2(6) = 25.85 (round up to 26) bits; a 13% saving.  To decode the TPC and SS information, the UE would convert the received word into a base 6 number and select the digit position assigned to that user.  The resulting six-state value maps directly to both a binary TPC command and a tri-state SS command.
Once constructed, traditional 3GPP transport channel processing could be employed to map the PLCCH word onto the physical channel(s).  This means that the coding retains the full flexibility of the L1 transport channel processing toolbox, and the PLCCH can be adapted to varying numbers of users (bit rate) and to various system deployments and configurations.

The formation of the PLCCH word would thus resemble that of figure 5 for n=1…N UE’s using the PLCCH.
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Thus, the PLCCH could be encoded using ½ rate or 1/3 rate convolutional or 1/3 rate turbo coding, or using FEC off (no coding).  It is appreciated however that turbo coding for the short block lengths involved is probably not appropriate.

To determine which scheme to use, it is useful to compare the bit error performance of a half rate convolutional code, with that of a ½ rate repetition code (eg: by using the “no-coding” FEC option and allowing the rate-matching function to perform the repetition).  Since the PLCCH contains information for a multitude of users, it is not of importance that all of the data is received correctly by each UE.  The BLER is thus not a particularly relevant metric, rather the post-decoded BER is of most relevance to TPC and SS performance.  Because of this, a CRC of length 0 may be used.

Such a comparison is shown for an AWGN and a Pedestrian-B channel in figure 6a and 6b respectively in which a block size of 40 bits has been assumed for the convolutional code.  Assuming that a 1% target BER post-decoding is required, it can be seen that the convolutional code outperforms the repetition code by 2dB in an AWGN channel.  The two have roughly equivalent performance at 1% BER in the Pedestrian-B channel.
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Figure 6a
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Figure 6b
The basic traffic burst for 1.28Mcps (slot format 0) is shown in Figure 7:
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A single burst at SF16 is therefore capable of carrying 88 bits if QPSK modulation is used.  If 8-PSK is used, this increases to 132 bits.  Assuming the ½ rate convolutional code above, 88 channel bits (1xSF16, QPSK) would be able to convey 36 information bits.  At log2(6) bits per user, this could carry TPC and SS streams for approximately 14 users.

If the PLCCH were transmitted once per 5ms subframe, and the TPC and SS update rate for the (probably fractionated) uplink DPCH was once every (say) 10 or 20ms, it is clear that a single PLCCH could serve all active data-only HSDPA users in the cell (28 users at 10ms update rate, or 56 users at 20ms update rate).  Even this update rate (10/20ms) is probably faster than the update rate using DL DPCH, since the DL DPCH carrying the TPC commands in the release 5 case is usually heavily fractionated to accommodate the required active HSDPA user population, or is DTX’d and updates then rely only on special burst.  In either case, a total of 13 SF16 downlink channelisation codes are freed-up for use by HS-DSCH (approximately 1 timeslots worth).
The PLCCH is of-course capable of maintaining a 5ms update rate for all users if desired by reducing the number of active users, or by increasing the physical resources used by PLCCH.  However, the amount of resources used by the corresponding uplink DPCH’s would be the limiting factor here, since they would have to have fractionation of 1 (ie: no fractionation) to make a 5ms update meaningful.  These uplink DPCHs would occupy a lot of uplink code resource and this is probably not practical for realistic HSDPA deployments.
4.3 Other Issues
For both TDD chip rate modes, some peripheral processes would clearly need to be altered to support HSDPA operation without an associated downlink DPCH.  These may include some changes to RRC signalling and some amendments to the in/out-of-sync procedure for downlink.  Some of the issues raised are likely to be similar or common to those for the FDD F-DPCH case.
Signalling and procedures to support the proposed PLCCH would also need to be derived for 1.28 Mcps TDD.
5 Conclusion

Proposals have been outlined for improving the downlink code utilisation efficiency for “data-only” HSDPA users in TDD.
· For 3.84 Mcps TDD it is recommended to remove the need for an associated DL DPCH.  No physical layer signalling is lost through this course of action.
· For 1.28Mcps TDD it is recommended to remove the need for an associated DL DPCH.  The physical layer signalling previously carried on the associated downlink DPCH (TPC and SS information) is transferred to a new common downlink channel in order to maintain control of the associated uplink DPCHs.  The TPC and SS information for the multiple users may be jointly encoded into a single information stream and it is recommended that transport channel coding methods based upon standard R99 methods are used to map this TPC/SS stream to physical channels.
These proposals are presented within the scope of the “Optimisation of channelisation code utilisation for TDD” work item.  It is recommended that the proposals are captured in the appropriate technical specifications for release 6.
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