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Introduction

Unlike the current 3GPP WCDMA standard, the proposed SC-FDMA uplink for UTRAN evolution is resource limited in the uplink. Thus to accommodate a large number of users, there must be a capability of scheduling resources in time and frequency between users. The scheduling may be sensitive to the uplink channel conditions for each user; in any case to achieve the LTE performance requirements it is likely to need to be based at the Node B and achieve a fast update rate.

Uplink resource allocations need to be signalled to the terminal in the downlink, in addition to UL HARQ information. Terminals might have different bandwidths and be located in different parts of the spectrum, and the location of their downlink spectrum is not necessarily related to the uplink spectrum that they will be scheduled. Thus it is not necessarily possible to locate all of the scheduling information in the same place in time/frequency. Furthermore, different numbers of terminals might be scheduled at different points in time according to their bandwidth requirements. 

For indicating downlink resource allocations, we propose locating the allocation information within the allocated resource blocks. However for the uplink, no analogy exists. Furthermore, our motivation for locating DL allocation information in scheduled resource blocks is that good radio conditions can be exploited to give efficient PC or AMC; however scheduling a user in the UL does not imply that he will have good DL radio conditions. Thus we propose that uplink scheduling signalling be coded and transmitted separately from the DL signalling.

Thus it is necessary to devise a means of DL signalling for UL scheduling that is both efficient and flexible to accommodate terminals of varying bandwidths in varying parts of the downlink spectrum.

Proposal for UL scheduling signalling structure

Information relating to UL scheduling is assumed to be structured as follows:

· UE ID, indicating the identity of the terminal that is to be scheduled

· If necessary, location of the scheduled resource

· If necessary, number of consecutive scheduled resources (frequency dimension)
· If useful, duration of the scheduled resource (time dimension)
· Uplink TFC indicator

· HARQ ACK/NACK indicators

The information relating to the duration might be used for scheduling users over multiple sub-frames in order to reduce signalling overhead. It is assumed that the HARQ ACK/NACKs relate to previous UL transmissions, and terminals for which they are intended are aware of the fact that they should receive an ACK/NACK from the timing of their original transmission and the position in the list that their ID had when the scheduling allocation was made.
We propose that scheduling information is transmitted in a bandwidth equivalent to the minimum bandwidth (i.e. 10MHz). In this way, every terminal can read scheduling information. For 20MHz systems, the UL scheduling information could be transmitted in any 10MHz subband of the bandwidth received by the user; for example it could be transmitted in a band for which he has good downlink reception. Alternatively, the relative position of the signalling within the user’s downlink spectrum could be used to indicate the relative position of the uplink allocation within the user’s uplink spectrum.

It is proposed that the scheduling information is punctured into the downlink data allocation in the second OFDM symbol (The use of the second symbol is illustrative here; it could be punctured into any known place). It is also proposed that the scheduling information is scalable as follows:

A: HARQ Bits + CRC

B UEID1 + Aux1 + HARQ Bits + CRC

C :UEID1 + Aux 1 + UEID2 + Aux2 + HARQ Bits + CRC

D :UEID1 + Aux 1 + UEID2 + Aux2 + UEID3 + Aux3 + HARQ Bits + CRC

E : UEID1 + Aux 1 + UEID2 + Aux2 + UEID3 + Aux3 + UEID4 + Aux4 + HARQ Bits + CRC

Etc.

It is assumed that the number of HARQ ACK/NACK messages transmitted is equivalent to the maximum number of terminals that could have been previously scheduled. In scenario A, the Node B transmits some ACK/NACKs relating to previous UE transmissions but does not schedule any UEs using this  DL band. In scenario B, 1 terminal is scheduled using its Id (The ”Aux” information is location of resource, duration etc.). In scenario C, 2 terminals are scheduled and so on. 

(Note that the terminals know which HARQ ACK/NACK bit to look for from a timing relationship and from their position in the list of scheduled terminals in the scheduling command).

When the UL scheduling information is punctured into the DL data, it should use a subset of N known tones, where N relates to the maximum size of the UL scheduling message. Scenario A uses the first Na of these tones, scenario B the first NB (NB>NA), scenario C the first NC (NC>NB) and so on.

In decoding each terminal tries to decode assuming scenario A, then scenario B, then C and so on. If a CRC passes, it is assumed that UL scheduling information is present and the UE checks for its ID. If the CRC does not pass for any of the scenarios, it is assumed no scheduling or HARQ information has been transmitted in the DL in this band.

The user who actually has DL data also detects the UL scheduling and punctures his data allocation according to the scheduling allocation he has detected.

Note that if convolutional coding is used, the complexity of the Viterbi decoding of the set of scenarios can be reduced.
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Figure 1: First example of resource allocation. The yellow area shows user data. In the top 10MHz subband, UL Signalling format “A” is used; i.e. only HARQ ACK/NACK bits are transmitted in this band. In the bottom 10MHz subband, format “B” is used; i.e. HARQ ACK/NACK bits and 1 UL scheduling information message is sent in this band. Notice that the tones within a 10MHz band for format “B” are a superset of those used for format “A”
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Figure 2: Second example of resource allocation. The yellow area shows user data. In the top 10MHz subband, UL Signalling format “B” is used; i.e. HARQ ACK/NACK bits and 1 UL scheduling information message are transmitted in this band. In the bottom 10MHz subband, format “C” is used; i.e. HARQ ACK/NACK bits and 2 UL scheduling information messages are sent in this band. Notice that the tones within a 10MHz band for format “C” are a superset of those used for format “
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Figure 3: Third example of resource allocation. The yellow area shows user data. In the top 10MHz subband, no UL scheduling or HARQ information is transmitted; i.e. no symbols are punctured from the user data. In the bottom 10MHz subband, format “C” is used; i.e. HARQ ACK/NACK bits and 2 UL scheduling information units are sent in this band.

Figures 1 to 3 indicate examples of how the scenario might work where pilots and L1 control signalling is located in the first OFDM symbol and UL resource allocations in the second OFDM symbol. (Note that this example is not intended as a proposal as to where the signalling/pilots should finally go).

Figure 4 indicates link level performance for each of the scenarios A-E in the examples described above (We tentatively assume 4 bits for scenario A, 16 for B, 28 for C, 40 for D and 52 for E). Figure 5 shows the fraction of the uplink resources in symbol 2 required by each scenario. Clearly, the ability to scale the necessary resources according to the UL signalling is desirable.
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Figure 1 Link level performance of convolutionally coded signalling
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Figure 2 Fraction of uplink resources used for each scenario
Advantages of the proposed signalling are as follows:

· Efficient DL scheduling allocation design possible by separating UL scheduling

· Flexibility for the scheduler to trade off UL allocations and DL data
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