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1
Introduction
During the E-UTRA standardization process in RAN1, two decisions have been made in parallel:

· Channel coding ad-hoc group

· PDSCH coded blocks are mapped in a serial manner to resource elements (RE)
· PDSCH coded blocks are mapped in a parallel manner to resource elements (RE)

· Main session

· Slot level frequency hopping is allowed for PDSCH and PUSCH

In this document, we raise a few issues with the combination of both decisions and propose a solution to reconcile the potential issues.

2
PDSCH RE Mapping

The PDSCH RE mapping is shown in Figure 1.
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Figure 1

PDSCH RE Mapping

We observe the following:
· The RE mapping structure allows for a pipelined decoder architecture at the UE

· However, in the presence of code block segmentation (data rate > 6 Mbps), inter-slot frequency hopping cannot be adopted by the eNB scheduler in the downlink
· Frequency hopping with serial mapping leads to different effective SNR on different code blocks
· This makes the HARQ operation sub-optimal

3
PUSCH RE Mapping

The PUSCH RE mapping is shown in Figure 2.
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Figure 2

PUSCH RE Mapping

We observe the following:

· The RE mapping structure does not allow for a pipelined decoder architecture at the eNB

· The reasoning behind the choice of this structure was that the eNB receiver would “anyway” have to wait for the second RS to perform channel estimation
· However, the main issue is that the LLRs for all code blocks are available at the same time, thereby requiring parallel decoders

4
Discussions

The focus of most of the discussions on inter-slot hopping has been on channel diversity, but we believe that intra-TTI interference diversity is equally important for a well-designed reuse 1 system. In other words, slot level frequency hopping is not just for real-time services, but is useful for other high data rate traffic sources.
In that sense, if an operator wishes to deploy LTE (EPS/EPC) without frequency selective scheduling in the downlink, the performance will be sub-optimal.
In figure 3, we propose a hybrid RE mapping structure. This structure allows for a pipelined decoder architecture at UE and eNB, while allowing for channel and interference diversity per code block in the presence of inter-slot frequency hopping.
For PDSCH, such a hybrid RE mapping structure fits naturally with slot-level frequency hopping.

The performance of PUSCH with such a hybrid RE mapping structure was evaluated and compared against serial and parallel RE mapping in R1-073277. It was seen that the difference in link performance between hybrid and parallel RE mapping is negligible.
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Figure 3

Hybrid RE Mapping – PDSCH and PUSCH
4
Summary
We propose to adopt the hybrid RE mapping structure outlined in figure 3 for PDSCH and PUSCH
· Each code block spans both slots within the TTI

· Within a slot, segments from code blocks are transmitted sequentially in time
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