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1
Introduction
From the introduction of Rel-11 candidate schemes like MU-MIMO(Multi-User Multiple Input Multiple Output) for non-uniform deployments or CoMP(Coordinated Multi-Point transmission), DL(DownLink) signalling enhancements is considered to be investigated. One of schemes in DL signalling enhancements to increase the capacity of PDCCHs(Physical Downlink Control CHannels) is a bundling technique.
In this contribution, we present our views on PDCCH bundling.
2
Discussions
Figure 1 shows an example of PDCCH bundling. There could be two cases of bundling PDCCH. One is a time domain bundling (subframe bundling) and the other is a frequency domain bundling (cell bundling)[1]. In subframe bundling, one PDCCH can assign multiple PDSCHs/PUSCHs (Physical Downlink Shared CHannels/Physical Uplink Shared CHannels) over multiple subframes as shown in figure 1 (a). In cell bundling, one PDCCH can assign multiple PDSCHs/PUSCHs over multiple cells as shown in figure 1 (b).
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Figure 1. An example of subframe(or cell) bundling

There are several schemes to be considered for DL signaling enhancements and a bundling scheme can be one of candidates to increase the capacity of conventional control region[1]. The subframe bundling already exists in the Rel-8/9/10 TDD specification. In DL/UL configuration 0, the number of available uplink subframes could be larger than the number of downlink subframes and the number of PDCCHs for PUSCHs may not be enough. The field of UL index in DCI format 0 indicates signaling needed for bundling and one PDCCH can deliver control information for two PUSCHs. Bundling scheme could be an extension of existing schemes and could have small influence on the current specification.
When we consider the characteristics of mobile communication channels, we can find many cases of static channel conditions. In these cases, the channels are not variable during several subframes, the common control signaling can be enough to handle multiple PDSCHs/PUSCHs without much performance degradation. We could use the same RA(resource allocation) field, MCS field and PMI field in DCI format during several continuous subframes for burst data transmissions and the transmission mode is assumed not to be changed during subframe bundling. There are not expected much problems in applying subframe bundling by UE specific manner.
Proposal:

Bundling PDCCH should be supported to increase the capacity within the conventional control region.

For cell bundling, it should be considered that there could be much difference channel characteristics between cells. That means that we can not use the same control fields in DCI format between cells. At least, RA field should be assigned differently and the transmission mode should be the same between cells. The size of PDCCH in cell bundling could be diverse to cover all possible combinations of configured cells and it will make the design of new PDCCH format or new transmission mode complex. Although there can be much difficulty in implementing cell bundling, it may be useful to study it..
Proposal:

Subframe bundling is preferred and the support of cell bundling is FFS.
In introducing bundling scheme to Rel-11, it can be considered as a good approach to minimize the impact on the Rel-8/9/10 specification. New DCI formats could be possibly defined for signaling of bundling in Rel-11 and there could be many way to design it. If the sizes of new DCI formats would be the same as Rel-8/9/10 or small number of bits could be added to Rel-8/9/10, we can expect the minimal influence.
Proposal:

The sizes of new DCI formats for bundling could be the same as Rel-8/9/10 DCI formats or small number of bits could be added to Rel-8/9/10 DCI formats for additional signaling.
3
Conclusion
From the above discussions, we propose:
· Bundling PDCCH should be supported to increase the capacity within the conventional control region.
· Subframe bundling is preferred and the support of cell bundling is FFS.
· The sizes of new DCI formats for bundling should be the same as Rel-8/9/10 DCI formats or small number of bits could be added to Rel-8/9/10 DCI formats for additional signaling.
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