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1
Introduction
In RAN1#61, it was agreed that R-PDCCH and (R)-PDSCH may be multiplexed in one PRB pair. In RAN1#62bis, search space design for both mode 1-1 and mode 2 R-PDCCH were agreed. Similar to Rel-8, in both the R-PDCCH interleaving modes, search spaces of different R-PDCCH aggregation levels for a RN may overlap. In this contribution, we discuss the issue of ambiguous R-PDCCH aggregation levles in multiplexing R-PDSCH with Un PDSCH in the same PRB pair.  
2
Discussion

In RAN1#61, it was agreed that the second slot of a R-PDCCH PRB pair can be allocated to data channel for a RN receiving at least part of DL grant in the first slot of the PRB pair. 
· If the RN receives a resource allocation which overlaps a PRB pair in which a DL grant is detected in the first slot, the RN assumes there is PDSCH data transmission for it in the second slot of that PRB pair

· Otherwise the RN assumes no data transmission for it in the second slot of that PRB pair

· i.e. no change to DCI formats


· For a R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot, RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission

In RAN1#62bis,  for mode 1-1 (REG-based R-PDCCH interleaving), it was agreed that DL and UL grants have separate search spaces. In addition, Rel-8 search space design is reused. Only RN specific search space is supported  in Rel-10. For mode 2 (no interleaving),  one set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis. In each slot within the configured VRB set, M(L) R-PDCCH candidates are defined for each aggregation level L. Note that in both cases, search spaces of different R-PDCCH aggregation levels for a RN may overlap.

2.1
Issue of Ambiguous R-PDCCH Aggregation Levels
Although a donor eNB (DeNB) only uses a particular aggregation level L ( {1, 2, 4, 8} for a R-PDCCH transmission, it is possible that a RN may successfully decode the R-PDCCH with one or more aggregation levels. An example is shown in Figure 1, where a RN has overlapped R-PDCCH decoding candidates of level 1, level 2 and level 4. While the DeNB uses level 2 for the R-PDCCH transmission, the RN may successfully decode the R-PDCCH using level 1, level 2 or level 4. 
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Figure 1 Illustration of ambiguous R-PDCCH aggregation levels

In such cases, the RN is confused with the actual R-PDCCH aggregation level. Such confusion may result in ambiguity in the multiplexing of  R-PDCCH with the corresponding PDSCH. If the RN assumes a different R-PDCCH aggregation level and consequently, different set of RBs occupied by R-PDCCH, the RN may perform the PDSCH decoding using a different availability of PDSCH resource elements. Such discrepancy between the DeNB and the RN would lead to incorrect PDSCH decoding. For instance, in the example in Figure 1, if the RN decodes the R-PDCCH assuming aggregation level 4, and if the corresponding PDSCH overlaps with the RBs corresponding to the level 4 R-PDCCH decoding candidate, the RN would assume that all the corresponding RBs in the first slot are not available for the PDSCH. This is in contrast to the actual transmission that only the RBs in the first slot corresponding to the level 2 R-PDCCH decoding candidate are not available to the PDSCH. 

2.2
Handling the Ambiguous R-PDCCH Aggregation Levels
One possibile way of handling the ambiguous R-PDCCH aggregation levels is via blind detection. That is, the RN may try Un PDSCH decoding assuming multiple aggregation levels when ambiguity occurs. For each aggregation level, the RN can determine the resources utilized by the PDSCH by excluding the overlapped PRBs used for R-PDCCH with the aggregation level in the first slot, if any. Obviously, this approach is not desiralbe due to complexity. Alternatively, it can also be left to RN implementation to pick one R-PDCCH aggregation level (e.g., the largest, the lowest, etc.). This is not desirable as well, as the potential ambiguity still exists and such ambiguity may lead to loss of PDSCH data. Other ways are possible too, e.g., adding the aggregation level indication in R-PDCCH, etc.
Note that the ambiguity is problematic only when both of the following two conditions are true:

· The R-PDCCH transmission using a R-PDCCH decoding candidate of aggregation level m has the same starting index as at least another R-PDCCH decoding candidate of a different aggregation level n, and

· At least one of the two or more R-PDCCH decoding candidates overlaps (even partially) with the assigned PDSCH resource

In light of the above two conditions, some restriction on the multiplexing of R-PDCCH and PDSCH can be applied. In particular,

· If a R-PDCCH transmission using a R-PDCCH decoding candidate of aggregation level m has the same starting index as at least another R-PDCCH decoding candidate of a different aggregation level n
· PDSCH should not overlap with any of the two or more R-PDCCH decoding candidates

· Otherwise

· PDSCH can be multiplexed with R-PDCCH in the same PRB pair

Such restriction can be further improved. For instance, if PDSCH is multitplexed with R-PDCCH, while the assigned PDSCH resource shold contain all the RBs used by the R-PDCCH, it should not fully contain the RBs used by any ambiguous PDCCH decoding candidate(s) of higher aggregation level(s). With this, among all the ambiguous PDCCH decoding candidates, the RN simply picks the highest aggregation level for which all the corresponding RBs are fully overlapped with (R)-PDSCH. For instance, suppose for a RN, there are three ambiguous aggregation levels 1, 2 and 4 with the same staring index. The set of RBs for the three aggregation levels are denoted by {S1, S2, S4} for levels {1, 2, 4}, respectively. Denote the set of the RBs for the corresponding PDSCH as SPDSCH. If the eNB utilizes aggregation level 2 for the R-PDCCH, the following condition should hold:
S1 ( S2 (SPDSCH, but S4 ( SPDSCH
This is illustrated in Figure 2. In the left,  R-PDCCH (of all possible ambiguous PDCCH decoding candidates) is not multiplexed with the PDSCH. In the right, multiplexing of R-PDCCH and the PDSCH is allowed. However, the PDSCH fully contains the resource of the correct PDCCH decoding candidate, and does not fully contain the resource by ambiguous PDCCH decoding candidate(s) of higher aggregation level(s). The RN would thus be able to perform PDSCH decoding without being impacted by the ambiguous R-PDCCH aggregation levels.
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Figure 2 Illustration of two possible scenarios of handling ambiguous R-PDCCH aggregation levels

3
Conclusions
In this contribution, we discussed the issue of ambiguous R-PDCCH aggregation levels in multiplexing R-PDCCH with Un PDSCH. 
A RN may decode R-PDCCH using multiple R-PDCCH aggregation levels, causing confusion in resource availability to PDSCH when multiplexing with R-PDCCH and consequently, leading to incorrect PDSCH decoding. 
A few possible ways of handling the ambiguity are discussed. In particular, some restriction in R-PDCCH and PDSCH multiplexing can be applied to avoid the ambiguity issue. It is recommended for RAN1 to discuss and conclude on how to handle the issue.
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