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1 Introduction

At the RAN1#60bis, the following was agreed:
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

The decision for DL grant alone and UL grant alone has to be made at RAN1#61.  In this contribution, several options for DL grant alone and UL grant alone are discussed.
2 DL Grant Alone

For the DL grant alone case, several cases can be considered.
2.1 Keeping the Second Slot Empty

In this case, the DL grant alone case is just viewed as a special case of transmission of both DL grants and UL grants on the same slot. The second slot just remains empty. This solution has the advantage of simplicity, and provides some interference reduction in the neighboring cells/sectors. Furthermore, transmit power can be redistributed on the second slot.
2.2 Extending the DL Grant to Cover Both Slots

With this solution, instead of keeping the second slot unoccupied, the DL grant is extended to cover the entire PRB. A channel coding gain can then be achieved. Furthermore, the transmit power can be reduced on this PRB and the excess power can be redistributed on the other PRBs. This way, interference can be reduced. Implementation on the transmit side is also easier than keeping the second slot empty since it does not require any transmission change in the subframe. Note however that at the receive side, early decoding of DL grant cannot be done. This was a key advantage of having the DL grant in the first slot. Also, implementation is easy using DVRB transmission.
2.3 Transmitting the PDSCH in the Second Slot
Another solution that achieves higher throughput is to use the second slot for transmitting the PDSCH. While this solution requires additional signalling, it maximizes the packing efficiency. The transmission on the second slot occupies 6 or 7 symbols depending on which DL timing case is used (6 for Case 3, 7 for Case 1). 
2.4 Conclusion

Transmitting the PDSCH in the second slot is the preferred solution since it maximizes the efficiency of resource utilization.
3 UL Grant Alone

The issues are somewhat similar than for the DL grant alone case only. Note however that the UL grant alone case is deemed to rarely happen since the traffic is generally viewed as being higher on the DL.
3.1 Transmitting UL Grant either in the First or Second Slot
This solution is similar to the case described in Section 2.1. If the link quality is good, and/or if the UL grant size is small enough, it may be better to transmit the UL grant in the first slot. UL grant in order to consume no more resources than necessary. Then power redistribution can be done in the unoccupied slot. However, when transmitting the UL grant in the first slot when possible, the solution is not as simple as for the DL grant alone case.
3.2 Transmitting UL grant on Both Slots

This solution is similar to the one described in Section 2.2. This solution provides better link performance than leaving a slot empty since transmission occurs at a lower power but with a lower coding rate. Early decoding is not needed for UL grants so this solution is more attractive than for DL grants alone. Implementation of this solution is easy with DVRB transmission.
3.3 Transmitting PDSCH on First or Second Slot

Similarly to what was described in Section 2.3, control and data can be time-multiplexed. This solution performs better than transmitting UL grant on both slots. However, since the UL grant only case is not frequent, we believe that multiplexing UL grants with data would only give a very small performance gain. In order to keep the design and the scheduling simple, transmitting the UL grant over the entire RB is preferred.
4 Conclusion

Based on the previous analysis, the following is proposed:

· If a DL grant alone is to be transmitted, the first slot is used for transmitting for the DL grant, and the second slot is used for transmitting a PDSCH

· If a UL grant alone is to be transmitted, the coding rate is adapted so that the UL grant occupies the entire PRB
