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1. Introduction

Uplink control signaling is, according to ‎[2], divided in to two groups:

· data-associated control signaling, which only is transmitted simultaneously with uplink data transmission, and

· non-data-associated control signaling, e.g., CQI and or ACK/NAK, transmitted independently of uplink data transmission.

The data-associated control signaling agreed in ‎[2] is listed in Table 1. In the following, some aspects of the data-associated control signaling are discussed. Non-data-associated control signaling is not treated further herein but discussed in ‎[3]. 

	Field
	Size
	Comment

	Hybrid ARQ-related information
(Retransmission sequence number)
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing).

	Transport format
	FFS
	The uplink transport format (modulation format, transport block size, etc). Only required if UE-based TFC selection is supported. 


Table 1: Uplink data-associated control signaling (from ‎[2]).

2. Hybrid-ARQ-related Parameters

The retransmission sequence number in Table 1 is intended for deriving the redundancy version and control of soft buffer clearing. However, with the synchronous hybrid ARQ protocol selected for the LTE uplink, the redundancy versions for the retransmissions follow a predetermined sequence in a similar way as for WCDMA enhanced uplink. The Node B therefore has knowledge about the redundancy version used by the UE and from this perspective there is no need to signal it.

A similar argument can be made regarding soft buffer clearing. In principle, as the Node B is responsible for requesting retransmissions, it knows whether the UE is performing a retransmission or an initial transmission. Therefore, also the information necessary for soft buffer clearing is available to the Node B – if the Node B transmitted an ACK, the transmission is a new transmission and the soft buffer in this hybrid ARQ process should be cleared. 

In case there is an error in the downlink ACK/NAK, the UE and the Node B will have different views on whether the transmission is an initial transmission or a retransmission. This can lead to soft buffer corruption, an event whose probability should be kept small. To address this, either the downlink ACK/NAK must be received with a sufficiently small error probability, or a one bit new-data indicator can be used. Note that, unlike WCDMA, a single bit new-data indicator is sufficient; there is no need for a multi-bit RSN for this purpose.

The probability of soft buffer corruption is determined by the product of the ACK/NAK error probability and the decoding error probability of the new-data indicator. Thus, if the downlink ACK/NAK can be designed with a sufficiently low error probability, the probability for soft buffer corruption can be made low and the need for a new-data indicator for detecting ACK/NAK errors diminishes. Whether it is possible to design the downlink ACK/NAK sufficiently robust remains to be seen, but only if this is not possible is uplink signaling necessary.

For WCDMA enhanced uplink, the same reasoning as above can be made and a valid question is then why the two-bit RSN was included in uplink control signaling for enhanced uplink. This is motivated by one of the key differences between WCDMA and LTE – the former support inter-NodeB soft handover, while the latter does not. Since, in case of inter-NodeB soft handover, once Node B does not know the hybrid ARQ decision of the other Nodes in the UE’s active set, the RSN is necessary. In principle, it can be expressed as a mean to synchronize the protocol status among the different Node Bs.

3. Transport Format

For user data transmission, a scheduled uplink is used for E-UTRA. The scheduler in the Node B assigns resources to the different UEs in the cell, typically in such a way that intra-cell orthogonality is achieved between different users data transmission. Thus, 

· the uplink resource allocation is controlled by the Node B.

However, in addition to the resource allocation, for successful decoding the Node B also needs to know the transmission parameters – modulation scheme, payload size, MIMO scheme, etc. In principle, two possibilities exist:

· the UE selects the transmission parameters to use (within the limits set by the scheduler), or

· the Node B decides the transmission parameters the UE shall use.

In the former case, outband control signaling is required from the UE to the Node B in order to inform the Node B about the necessary parameters for demodulation/decoding of the payload, whereas in the latter case, the necessary information is obviously already available in the Node B and does not have to be signaled outband. Multiplexing of logical channels could in both cases be controlled by the UE as this control information is not necessary until the payload has been decoded, i.e., inband signaling in the form of a MAC header can be used instead of outband control signaling.

For the E-DCH, the uplink is non-orthogonal and interference at the Node B is therefore the shared resource. The UE selects the uplink transmission format and can select the payload size to match the buffer situation. A UE not utilizing all its granted resources will transmit at a lower power, thereby reducing the intra-cell interference. Hence, shared resources not utilized by one UE can be exploited by another UE.

For LTE, the uplink is orthogonal and the shared resource controlled by the Node B scheduler is time/frequency resource units. An assigned resource not fully utilized by a UE cannot be partially utilized by another UE. Hence, an orthogonal uplink typically requires a tighter control of the resources allocation from the scheduler than a non-orthogonal scheme. Furthermore, from an intra-cell resource allocation perspective, there seems to be a limited benefit of UE TFC selection. This opens the possibility for making the Node B responsible for the determining the uplink transmission parameters. Such an approach would avoid the need for (expensive) outband control signaling. The cost of transmitting outband control information is significantly higher than the cost of data transmission as the control signaling needs to be received with a significantly higher reliability, in the order of ten times lower error rate, than the data transmission itself. Keeping the outband control signaling to a minimum is therefore important, especially at the cell border when the control signaling still needs to be received by the Node B and the relative overhead from control signaling compared to the low data rate can be high. In case the Node B ha assigned a larger payload size than the amount of data in the UE buffer, the UE has to perform padding as there is no possibility for the UE to signal the use of a smaller payload size. From an intra-cell interference perspective, this is less of an issue as discussed above. Finally, the UE could always be allowed to use DTX in case of no data to transmit as this can be detected in the Node B by a simple energy detector.

A hybrid of the two schemes above can also be envisioned, where the Node B assign a certain transport format to the UE and the UE has some degree of freedom in adjusting the transport format. A small number of bits, e.g., two, could be used to signal if the UE deviates (with a small amount) from the Node B determined transport format (e.g., whether the transmitted payload is 100%, 75%, 50% or 25% of the payload size assigned by the Node B). However, the benefit from such a hybrid scheme is not clear.

It is worth noting that multiplexing of different logical channel can be under the control of the UE in all the schemes as inband signaling, e.g., in the form of a MAC header, can be used to provide the Node B with the necessary information for demultiplexing.

4. Conclusion

· Based on the discussion above, it is proposed to:

· consider the need for uplink new-data indicator, and

· adopt a scheme where the Node B controls the uplink transmission parameters (modulation, payload size, MIMO parameters, etc), which the UE shall follow.

This results in an uplink design with a minimal amount of, or even without, any data-associated control signaling, which clearly is an interesting property, taking into account that reliable outband control signaling can be costly from a transmission power perspective. It is also worth noting that the simulation assumptions proposed by several companies in ‎[1] assumes the NodeB controls the uplink transport format, i.e., no outband transport format indication is used.
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