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Introduction

In this paper we discuss possible multiplexing alternatives for the set of logical channels introduced in [1]

Release-5

Releases uses a mix of code multiplexing and time multiplexing to transmit the various logical channels. The DCH are time multiplexed on (typically) a single DPDCH. Some of the control fields are time multiplexed together ({Pilot, PC, TFCI, FB}, {CQI, ACK}) before being code multiplexed (DPCCH, HS-DPCCH) with the DPDCH.

Based on [1] three new logical channels should be considered in the context of enhanced UL operation:

· EU-DCH (set of DCH with new attributes compared to R99 DCH)

· EU-TFCI (or rate indicator)

· EU-REQ (or request indicator)

Based on results presented in [4] one could also consider that additional pilot energy would be required in order to allow for optimum reception of the high data rate bursts transmitted over a EU-DCH.

This comes down to up to four new channels to be multiplexed with the existing UL channel structure. These channel could be multiplexed in using TDM, CDM or a mix of both approaches.

TDM approach

The only merit of time multiplexing additional physical channels with existing Release-5 channels is the possible reduction in peak-average issues. However on the other hand and depending on which channel is considered for time multiplexing this approach may result in higher absolute power requirement when implemented in the system.

Furthermore any time multiplexing with existing channels affect the implementation of the corresponding receivers in the Node B and raises the complexity to support these new channels.

Finally the time multiplexing approach may involve EMC issues due to the periodical variations in the power transmitted by the UE. This obviously depends on the particular configuration and respective channel gains.

CDM approach

The main merit of code multiplexing potential new physical channels  relates to the conceptual simplicity and separation between existing channels and new channels which has some nice benefits in terms of implementation evolution on the network side and configuration management in the RRC/RRM and in the UE.

Another merit is the continuous transmission which minimizes the potential for EMC issues.

The main potential drawback of the CDM approach relates to the possible increase in peak-to-average and associated impact on the power amplifier design and/or link budget. The actual impact depends on the particular channel configuration and mapping as well as the respective channel gains.

EU-DCH

10 ms TTI

If the EU-DCH TTI is a multiple of 10 ms the simplest and most straightforward approach is to multiplex the EU-DCH according to the existing rules for DCH multiplexing, that is using TDM.

The main inconvenient is the mixing of releases onto a particular DPCH however this can be addressed is a way that minimizes the impact on existing UL receivers and would avoid the significant increase in PAR described in [] if the set of  EU-DCH were to be mapped on a new EU-DPCH.

2 ms TTI

If the EU-DCH TTI is not a multiple of 10 ms the existing multiplexing scheme can not be used and a new approach (EU-DPCH) should be considered. 

Mapping the set of EU-DCH onto a code multiplexed EU-DPCH increases the PAR by up to 2 dB depending on the data rate. The higher the rate the lower the increase in PAR. 

Mapping the set of EU-DCH onto a time multiplexed EU-DPCH/DPDCH (part of the slot allocated to the EU-DPCH, part of the slot allocated to the DPDCH) would not increase the PAR but would result in EMC issues although these would probably be not be significant unless the UE transmits on a fairly continuous basis which is always a possibility. Time multiplexing would also result in higher absolute power requirement for both the EU-DPCH and DPDCH; both the EU-DPCH and DPDCH are variable rate channels and could be operated continuously over their respective time allocation. However the switching point must be a semi-static parameter and thus can not be selected to be the optimum one in all cases; consequently the actual power requirement to transmit at a given rate will be higher than would be the case with a Release-99 type of time multiplexing (continuous transmission with constant power). The management of the switching point to minimize the increase in power requirement may turn out to be quite complex and require control resources; it therefore needs a careful analysis.

At this stage of the study and given that the implication of a TDM approach are not well understood we believe that a CDM approach should be considered for the EU-DPDCH supporting EU-DCH with 2 ms TTI.

EU-TFCI

10 ms TTI

The current TFCI scheme could be used as in Release-5 provided that the EU-DCH are multiplexed on the DPCH according the existing scheme.

2 ms TTI

Assuming that the EU-DCH TTI can only be 2 ms if its not a multiple of 10 ms, the EU-TFCI could be used as a phase reference for the EU-DPCH. The knowledge of the EU-TFCI is required in order to correctly decode the EU-DCH and therefore an error on the EU-TFCI would result in an error on the EU-DCH data. Consequently the EU-TFCI can always be used as phase reference for the associated EU-DPCH without affecting the actual EU-DPCH performance. Such approach is not practical if different EU-DCH mapped on the same EU-DPCH have different TTI. This approach alleviates the need for an additional pilot channel in the UL.

Assuming that the EU-TFCI is used as a phase reference, the power requirement is fairly high and would mean that code multiplexing such information with the other channels could further increase the peak-to-average. This could be avoided by time multiplexing the EU-TFCI and the EU-DCH on the EU-DPCH. Given that the optimum traffic to pilot ratio is in the order of 10 dB [4], one could consider a TDM structure where the EU-TFCI is allocated in the order of 10% of each slot and the EU-DCH the remaining part. This would allow for continuous transmission with constant power on the EU-DPCH.

EU-REQ

The EU-REQ channel carries the request information from the UE to the terminal. The request data can probably coded using only a few bits (e.g. 5 bits) as it only needs to carry a buffer size and possibly priority information. Also, the request transmission does not have to be extremely reliable. Consequently the UE-REQ is not very demanding in terms of power and could  be transmitted using a code multiplexed approach without significantly affecting the UE design [3].

Additional pilot energy

As shown in [4] optimum reception of high data rate bursts requires a pilot which is significantly stronger than the typical pilot level used for lower rate operation (e.g. voice, 64 kbps). One option is obviously to operate the DPCCH at a higher power level and reduce the associated DPDCH & HS-DPCCH gains. However this leads to a non optimum operation of the DPCH which increase the overall system interference and consumes energy in the UE.

In order to avoid this situation we suggest that extra pilot energy is transmitted together with high data rate packets such that the phase estimate can be improved in the Node B and allow for optimum reception and decoding of these packets. The additional pilot energy could simply be providing by temporarily raising the DPCCH power, however this would confuse the inner loop power control and require more complex power control procedure4 in the Node B and the UE. Alternately the additional pilot energy could be multiplexed in the UL channel structure; one option is the use of a standalone code multiplexed pilot burst channel but this again raises the PAR issue; Another option described earlier would be to time multiplex the extra pilot energy with the physical channel used to carry the data. The latter approach reduces the flexibility in setting the traffic to pilot ratio.

Suggested structure

Based on the earlier section we believe that the following structure provides a valuable channel multiplexing approach which maintains the independence between Release-5 and possible new UL channels without significantly affecting the UE complexity in terms of power amplifier design

	Physical channel
	Information

	DPCCH
	Continuous pilot, TFCI, FB, PC

	DPCH
	DCH, EU-DCH (10 ms TTI)

	HS-DPCCH
	CQI, ACK

	EU-DPCCH
	EU-DCH transmission request

	EU-DPDCH
	EU-TFCI (also used as extra pilot), EU-DCH (2 ms TTI)


Conclusion

We have discussed an initial multiplexing structure to be used in the study item on enhanced uplink. We propose to use this structure as a baseline for the study item when considering the mapping of new logical channels onto the uplink physical channel structure.
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