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1. Introduction

In RAN1#60bis meeting, the following is agreed [1]:

Agreements:
· 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

Note that according to TS36.211 one PRB has one layer. 

· Decision on DL grant alone case and UL grant alone case to be made at RAN1#61.

Based on the agreements, the remaining issues such as DL grant alone, UL grant alone are addressed in this contribution.
2. R-PDCCH placement
2.1  DL grant alone case
Upon the agreement above, it can be derived that an aggregated DL grant left alone are always transmitted in the first slot of multiple subframes as shown in Figure 1. If the DL grant is targeted for a RN, i.e. high-level aggregation of DL grant, it’s natural that their mapping is done by frequency RB-first (R-)CCE mapping. Also when DL grant is transmitted in the first slot, R-PDSCH shall be able to be transmitted in the second slot in order to enjoy the benefits of TDM+FDM multiplexing (e.g. low decoding latency and high resource utilization). 
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Figure 1: Example of (aggregated) DL grant placement for a RN
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Figure 2: Example of (aggregated) DL grant and R-PDSCH in the given PRB pairs for a RN
2.2  UL grant alone case
According to the agreements, there’s no restriction of UL grant placement at least in UL grant alone case. Considering it is in the first slot that DL grant is always transmitted, it seems to be feasible that UL grant left alone is transmitted only in the second slot. However, all the possibilities about the placement are currently open for discussion. In case that UL grant left alone is transmitted in the second slot, time-first (R-)CCE mapping can be done at least within the second slot assuming that two R-CCE can be somehow defined in the second slot. In Figure 3, the 4 level aggregation UL grant is transmitted across only the second slot of two PRB pairs
On the other hand, it makes it a rule that an aggregated UL grant left alone is always appeared only after a DL grant, that is, which is to couple “a DL grant with no scheduled R-PDSCH” in the first slot with “an UL grant” in the second slot. Hence, an UL grant left alone are intentionally coupled with a DL grant as shown in Figure 4 so that the DL grant can be always transmitted in the first slot (already agreed) while the UL grant are always transmitted in the second slot. It can alleviate the blind decoding complexity at least for UL grant to be transmitted in the second slot.
As other approach, all of UL grants left alone can be placed on a specific resource region which can be shared like common search space as well, so that such UL grants from the same or different RNs can be multiplexed together with other common/cell-specific information as shown in Figure 5. This becomes feasible when CRS only mode is used, while in DM RS case multiple UL grants from different RNs can NOT be multiplexed together in a given PRB pair. 
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Figure 3: Example of aggregated UL grant placement in UL grant alone case for a RN 
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Figure 4: Aggregated UL grant left alone with DL grant having no scheduled R-PDSCH for a RN
[image: image5.emf]UL grant UL grant

UL grant

Time

F

r

e

q

u

e

n

c

y

RB

RBG

UL grant


Figure 5: UL grants placement in UL grant alone case for multiple RNs (e.g. CRS case)

2.3  DL grant and UL grant

Figure 6 shows two possibilities according to the usage of the second slot in a give PRB pair which contains DL grant in the first slot. The example of decoding procedure is the following;

· RN decodes DL grant first by blind decoding in a given RBG.
· RN assumes that REs in the RBG containing DL grant always assigned to the R-PDSCH for itself if possible.

· The one bit RA (resource allocation) filed can be interpreted as the indicator of whether or not a UL grant is transmitted in the RBG as well.

· If there is no UL grant, all the REs that are not used for the decoded DL grant in the RBG are used for the R-PDSCH transmission.

· If there is a UL grant, RN assumes that a UL grant of a given size is placed in a given location. The details of the size and the location of the UL grant in a RBG is FFS. The remaining REs are used for the R-PDSCH transmission.

· If there remains no RE after assigning a UL grant in a RBG, no R-PDSCH is transmitted in that RBG.

Therefore, the possibility of R-PDSCH decoding failure can be avoided by informing the exact size of R-PDSCH area (excluding UL grant) of RN. Also, no additional indication bit in R-PDCCH is required for distinguishing UL grant from R-PDSCH, thereby allowing reuse of the existing DCI formats.
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(a) DL grant + R-PDSCH                 (b) DL grant + UL grant
Figure 6: Example of decoding R-PDSCH correctly without additional indication bit (RN assumes that UL grant is transmitted in the second slot of the RB pair containing DL grant)
3. Conclusion
Proposal: 
· DL grant alone case:
· R-PDSCH can be placed in the second slot of the PRB pairs when a DL grant is  transmitted alone in the first slot
· Frequency-first (R-)CCE mapping for aggregated DL grant
· UL grant alone case:
· Baseline is to place it in the second slot

· An high-level aggregated UL grant is mapped in time-first (R-)CCE order within the second slot 

· The concept of common search space can be used for UL grants left alone, especially for CRS demodulation
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