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Discussion and Decision

1
Introduction

Currently DCI format 2C is specified as the second DCI format to be used in TM9 in addition to DCI format 1A. In RAN1#63 and RAN1#63bis, extensive discussions took place regarding replacing DCI format 2C with DCI format 1 in case of only one CSI-RS port configured for the UE.

In this contribution we provide some further insights into the practical benefits and problems of introducing DCI format 1 to TM9.
2
Discussion
Control signaling overhead has been the main argument for using DCI format 1. In [1], 58% worst-case overhead increase was claimed for DCI format 2C compared to DCI format 1, worst-case corresponding here to the bandwidth of 6 PRBs. However, this is based on very simple DCI payload size difference calculations, and completely neglecting CRC overhead. As such, the results may lead to wrong conclusions. Furthermore obviously, in LTE the difference in overhead imposed on actual PDSCH transmission can not be directly derived from DCI payload size calculations as PDCCH overhead has in fact granularity of one OFDM symbol. An upper bound for the practical gains can be easily approximated by considering that the DCI payload difference would at most imply a difference of one OFDM symbol in PDCCH overhead – in this case the upper bound gain on PDSCH transmission would be roughly 8% (allowing 13 symbols for PDSCH instead of 12 per subframe).
Going from the upper bound to practice, it is noted that the total PDCCH overhead depends not only on the payload size of one particular transmitted DCI, but rather on how much resources all transmitted DCIs require overall in the subframe. The PDCCH resource consumption is also dependent on following aspects:
· Number of UEs scheduled in the subframe: 1Tx CSI-RS was primarily introduced for home eNB applications [2] where we can expect that a very low number of UEs, even only one UE, is scheduled at a time. In this case the gain of introducing DCI format 1 will be zero or very close to zero, since the payload size of only one DCI would not on average change the number of OFDM symbols required for PDCCH.
· Scheduling decisions, i.e. which DCI formats are actually transmitted in the specific subframe. It seems idealistic to assume that all UEs would be served with the same DCI format: in practice some UEs may (and will) be in different transmission modes or scheduled with DCI format 1A, in which case the overhead gains due to DCI format payload size differences have even less impact on system level.
· PDCCH RRM, i.e. power control and link adaptation: Power of PDCCH transmission can be controlled by the eNB, and also the number of CCEs used for the PDCCH is fully in the control of the eNB. For example, even if the DCI payload size is slightly larger, it is possible to find means of serving also coverage-limited UEs robustly enough.
Hence, it seems very clear that deriving overhead calculations based only on DCI format payload size differences will not give the whole truth about the topic. At the same time it is far from clear what the real system-level impact of having DCI format 1 instead of DCI format 2C would be.

It is further noted that in the mentioned HetNet applications [2]
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[3] where the cell size is expected to be small (home eNB or pico), also the channel delay spread can be expected to be rather small. In such case, gains from frequency-dependent scheduling can be assumed rather negligible and hence it should be perfectly acceptable from performance perspective to schedule UEs with DCI format 1A and contiguous resource allocations if overhead still is a major concern.
Observations: 

· DCI format payload size difference (especially without considering CRC) does not directly imply large system level gains.
· Upper bound for the gain is one OFDM symbol difference in overhead, meaning at most 8%.
· If overhead is still of concern, DCI format 1A continues to be available as a fallback option.
On the other hand as has been pointed out, having the used DCI format depending on the number of Tx antennas implies a new behaviour compared to other Tx modes and should be very carefully considered (the issue would be different if 1Tx CSI-RS would be captured in its own Tx mode; however this has been ruled out by earlier agreements). It is noted that in some other cases the rule has been to avoid dependencies on the number of Tx antennas, for example in the definition of the joint indication of used antenna ports, scrambling identity and number of layers in DCI format 2C (the field size is fixed to 3 bits independently of the number of Tx antennas).
3
Conclusions
Considering the very late stage of Release 10 as well as unproven and very unclear system level gains and the fact that 1Tx is still not considered to be the main use case of CSI-RS which requires special optimization, we propose to keep DCI format 2C also in case of 1Tx CSI-RS.
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