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1 Introduction

One of the open issues on the PDCCH uplink and downlink scheduling grant design is the signaling of the transport format for PUSCH and PDSCH. Since this PDCCH overhead is quite significant, it is important to define an efficient transport format signaling. Therefore, this contribution presents a scheme for reducing the bits required for indicating the transport format.

It should be noted, that we address the relation of the resource allocation and transport format signaling in an accompanying contribution [1].

2 Transport format signaling

The transport format for the uplink and downlink data transmission on PUSCH and PDSCH is defined by the resource allocation information, the Transport Block Size (TBS), the Modulation and Coding Scheme (MCS) and, additionally, by the multi‑antenna related and HARQ information [2]. 

This contribution focuses on the signaling of the TBS and MCS related information, which could be signaling by the following alternatives:

(a) Signaling of the TBS and the modulation scheme

(b) Signaling of the MCS, i.e. code rate and the modulation scheme

(c) Signaling of the TBS only

(d) Signaling of the Spectral Efficiency (SE) only

As discussed in our accompanying contribution [1], in our view the explicit signaling of the modulation scheme is not required, which allows saving two bits on the transport format signaling. Therefore, only the TBS or the SE would be signaled according to alternatives (c) or (d) above.

In the next section we provide a scheme to reduce the number of bits for signaling the TBS, MCS or SE. 

3 CCE aggregation size dependent transport format

In RAN1#48bis it has been agreed in [3] that aggregation sizes of 1, 2, 4, and 8 CCEs are used for mapping the PDCCHs onto the CCEs, where QPSK is used and the resulting code rates should be around 1/12, 1/6, 1/3 and 2/3. This allows for a coarse link adaptation of the PDCCH and helps to reduce the dynamic range for the link adaptation by the transmit power control.

Larger aggregation sizes (lower code rates) will be used to address cell‑edge UEs and smaller aggregation sizes (higher code rates) will be used to address cell‑center UEs. Additionally, assuming that on the PUSCH and PDSCH cell‑edge UEs use/receive data from the lower range of the MCS levels and cell‑center UEs use/receive data from the lower range of the MCS levels, it is logical to link the PUSCH/PDSCH related TBS,MCS or SE related signaling to the CCE aggregation size.

Figure 1 shows an example in case of signaling the MCS level or the Spectral Efficiency (SE) according to alternatives (b) and (d) as defined in section 2. For a given CCE aggregation size the MCS/SE signaling field addresses a sub-range of the globally defined MCS/SE range. Since an allocated UE is aware of the CCE aggregation size of its PDCCH (due to successful decoding), it knows how to interpret the signaled MCS/SE field.

Figure 2 shows the respective example for signaling the TBS according to alternatives (a) and (c) as defined in section 2.

Assuming 4 CCE aggregation sizes per PDCCH format and possibly slightly overlapping MCS/SE/TBS sub‑ranges signaled by the different CCE aggregation sizes, roughly 2 bits of the transport format signaling are saved.
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Figure 1 – CCE aggregation size dependent MCS/SE signaling (sizes of sub‑ranges are examples)
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Figure 2 – CCE aggregation size dependent TBS signaling (sizes of sub‑ranges are examples)
4 Conclusion

In this contribution the PUSCH and PDSCH transport format signaling on the PDCCH is discussed. Since the PDCCH for the uplink and downlink scheduling grants cause significant downlink overhead, it is important to reduce their payload sizes. The following proposal can save roughly 4 bits on the transport format signaling:

· Omitting the explicit signaling of the modulation scheme

· The interpretation of the MCS, Spectral Efficiency or TBS signaling field depends on the CCE aggregation size of the PDCCH.
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