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1 Introduction

One of the open issues on the PDCCH uplink and downlink assignment design is the signaling of the resource allocation and transport format for PUSCH and PDSCH. Since this PDCCH overhead is quite significant, it is important to define an efficient signaling scheme. Therefore, this contribution discusses various alternatives on the resource allocation and transport format indication.

It should be noted, that we present a scheme for reducing the transport format signaling in an accompanying contribution [1].

2 Resource allocation and transport format signaling

Used abbreviations:

· RBF
Resource Block Field

· MSF
Modulation Scheme Field

· TBSF
Transport Block Size Field

· SEF
Spectral Efficiency Field

· CRF
Code Rate Field

2.1 Signaling alternatives

Below several signaling alternatives are listed.

Alternative 1:
Transport Block Size Field depends on Resource Block Field

(a) RBF + MSF => TBSF

· RBF, MSF and TBSF are signaled like in HSDPA [2], i.e. the interpretation of the Transport Block Size (TBS) is a function of the RBF and MSF values

(b) RBF => TBSF

· The modulation scheme is not explicitly signaled

· The actual TBS depends on the RBF value and the modulation scheme depends on the RBF and TBSF values. The modulation scheme may also depend on the MIMO and transmission mode (localized/distributed).

Alternative 2:
Resource Block Field and Modulation and Coding Scheme (Spectral Efficiency) are independent

(a) RBF + MSF + CRF

· All fields are interpreted independently, the TBS is calculated from the RBF, MSF and CRF values

(b) RBF + SEF

· All fields are interpreted independently

· The modulation scheme is not explicitly signaled and depends on the value of the SEF and possibly on the MIMO and transmission mode (localized/distributed).

· The TBS is calculated from the RBF and SEF values 

Alternative 3:
Resource Block Field depends on Transport Block Size Field

(a) TBSF + MSF => RBF

· The interpretation of the RBF is a function of the TBS and MSF values

· E.g. larger values for TBS and higher modulation schemes indicate that larger resource allocations (e.g. with a coarser RB granularity) are applicable

(b) TBSF => RBF

· The modulation scheme is not explicitly signaled

· The interpretation of the RBF is a function of the TBS value

· The modulation scheme depends on the values of RBF and TBSF and possibly on the MIMO and transmission mode (localized/distributed).

2.2 Discussion

Dependencies of the RBF field and the MCS level field (TBSF, CRF, SEF)

· If the TBS is signaled the RBF and TBSF fields depend on each other

· A design without dependencies works only with signaling the Code Rate or the Spectral Efficiency
· If there is a dependency of the RBF field and the MCS level related field, the ordering of the dependency can be defined in two ways:
· The RBF field defines the interpretation of the MCS level field. From a scheduler operation point of view, this seems to be a natural approach, i.e. firstly the time/frequency resources are defined and then the MCS selection is performed.
· The TBSF defines the interpretation of the RBF. The RBF bitmap size can be reduced, i.e. the larger the TBS, the coarser the RB granularity which is indicated by the RBF bitmap. This allows a resource allocation signaling without the need for an additional bitmap granularity indicator.
Signaling of the modulation scheme

Options:

(a) Explicit signaling:
Alternatives 1 (a), 2 (a), 3 (a)

(b) No explicit signaling:
Alternatives 2 (b), 2 (b), 3 (b)

· The PDCCH payload can be reduced by 2 bits without explicitly signaling the modulation scheme

· Depending on the channel, the allocation size and the frequency spread of the allocation, for a given SE different MCS combinations may be optimal [3], e.g. for an SE of 4/3 infobits/RE either QPSK rate 2/3 or 16-QAM rate 1/3 may be optimum. Without explicitly signaling the modulation scheme, this may cause an ambiguity. We identify the following potential solutions:

· Definition of a SE/TBS table with multiple entries for a given SE/TBS within the TBS/SE ranges, for which different MCS combinations are reasonable. Each entry would reflect a given MCS combination for the same SE/TBS. The overhead caused by these multiple entries is expected to be marginal, since typically for a given SE/TBS only two entries are required (only two reasonable MCS combination candidates) and since the SE/TBS ranges with multiple reasonable MCS candidates are limited. 
· Configuration of MCS “switching points” per cell, per UE or per transmission mode. Assuming that the “switching points” would not change dynamically, these could be configured semi‑statically by higher layer signaling or even predefined.

Proposal:

For an efficient design of the PDCCH signaling, an explicit signaling of the modulation scheme should be omitted, see also [1].

Signaling of the MCS level (TBSF, CFR, SEF)

(a) Signaling of Transport Block Size:

Options 1 and 3

(b) Signaling of Code Rate or Spectral Efficiency: 
Option 2

· In order to keep a similar relative padding overhead for all TBSs, an exponential rule for defining the TBSs is assumed (similar to HSDPA/HSUPA), i.e. the larger the TBS the coarser the granularity. Some exceptions depending on the CCE aggregation size of the respective PDCCH may be useful as detailed in [1].  Therefore, in order to avoid ambiguities in case of signaling the Code Rate or the Spectral Efficiency a rounding of the signaled values to the exponentially defined values would be required, which increases the UE complexity.

· On the downlink, the available physical resources per RB can range from 116 REs (3 OFDM symbols for PDCCH, 4 TX antennas) to 150 REs (1 OFDM symbols for PDCCH, 1 TX antenna). Therefore, in case of signaling the TBS, the resulting range of Spectral Efficiencies varies significantly. E.g. an allocation of 5 RBs and an assumed TBS signaling range of [188; 3480] will result in the following SEs [infobits/RE] (MCS level) ranges:

· 116 REs/RB:
0.324  (QPSK rate 0.162)
to
6  (64-QAM rate 1)

· 150 REs/RB:
0.251  (QPSK rate 0.125)
to
4.64  (64-QAM rate 0.773)

· In order to support the same/similar Spectral Efficiencies, the interpretation of the TBSF could be made dependent on the reference signal configuration (semi-static) and the PCFICH (dynamic) if an optimization of the TBS range is necessary.
3 Summary

This contribution discusses various alternatives on the resource allocation and transport format signaling. It is recommended that the following aspects of the discussed issues to be taken into account for the design of the PDCCH content:

· Way of signaling the transport block size, spectral efficiency and code rate

· Dependency of the transport format indication and the resource allocation
· Explicit signaling of the modulation scheme is not required
· The difference in PDSCH coding rate due to the variable number of REs available for the PDSCH depending on the variable reference signal and PDCCH overhead 
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