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1 Introduction

This contribution discusses R-PDCCH multiplexing in the backhaul (Un) subframe. In the last RAN1#60b meeting, the followings were 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

Based on the above agreements, this contribution presents TDM/FDM based R-PDCCH structure for multiplexing DL/UL grant with R-PDSCH and also structures for the cases of DL grant alone and UL grant alone for a RN. Also, we discuss CCE interleaving to support localized and distributed transmissions and RS for R-PDCCH and R-PDSCH.

2 R-PDCCH multiplexing
2.1 TDM/FDM structure
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Figure 1 R-PDCCH/(R-)PDSCH overall structure based on TDM/FDM
Figure 1 shows overall multiplexing structure for PDCCH/R-PDSCH based on TDM/FDM in a Un subframe. In the figure, R-PDCCH and R-PDSCH are TDM multiplexed within a PRB and FDM multiplexed across PRBs. Given the decision in RAN1#60b that DL grants are always transmitted only in the 1st slot, allowing transmitting R-PDSCH in the 2nd slot seems to allow for more efficient use of Un resources. In pre-configured PRBs for R-PDCCH, a few OFDM symbols in the end and the beginning of the 1st and 2nd slots, respectively, are used for R-PDCCH. DL grants are placed in the 1st slot as per the RAN1#60b agreements, but it is still open whether UL grants can be transmitted in the 1st slot as well as in the 2nd slot. Depending on the start and end symbols of R-PDCCH region in the pre-configured PRB, symbols coming before and after the R-PDCCH region can be transmitted for R-PDSCH transmission. In the figure, it is assumed that all the symbols not used for R-PDCCH are used for R-PDSCH in the PRB pairs with R-PDCCH. If a PRB pair scheduled for R-PDSCH does not belong to any pre-configured PRB set of R-PDCCH, R-PDSCH can use all symbols in the subframe , as shown in Figure 1 for (R-)PDSCH for RN5.
Proposal

· TDM/FDM multiplexing: R-PDCCH can be multiplexed with (R-)PDSCH in the same PRB pair
2.2 R-PDCCH mapping
In this section, we discuss multiplexing of DL/UL grants and mapping of (R-)PDSCH for the cases with and without corresponding grants in a given RPB pair in more detail. PRBs for R-PDCCH are pre-configured and semi-statically assigned to all RNs. Among the pre-configured PRBs, actual mapping of R-PDCCH can vary subframe by subframe and RN in general does not have any information about presence of other RN’s R-PDCCH in the preconfigured resources for RN. In most cases, not all the pre-configured PRBs will be used for R-PDCCH transmission and there can be RNs for which only DL grant or only UL grant is transmitted.
Two alternatives to multiplex (R-)PDSCH in the PRB pair preconfigured for potential R-PDCCH transmissions are considered as shown in Figure 2. These two alternatives are based on the following different principles on the transmission of UL grant without any DL grant for the RN:
· Alternative 1: UL grant is transmitted in the 1st  slot in case of UL grant only for the RN
· As a result, no UL grant can be transmitted in the 2nd slot of the PRB pair without a corresponding DL grant for the RN
· Alternative 2: UL grant can be transmitted in either 1st or 2nd slot in case of UL grant only for the RN

· As a result, UL grants from different RNs can be transmitted in the same PRB pair
With alternative 1, if the RN detects only DL grant in the configured search space, the RN assumes that there is no other R-PDCCH in the 2nd slot in preconfigured PRBs for R-PDCCH for the RN. This is because UL grant has to be transmitted in the 1st slot in cases without any DL grant for the RN (RN2 in the figure 2(a)). When the eNB schedules (R-)PDSCH for RN1 to the PRB pair which contains only a UL grant for RN2 as shown in Figure 2(a), the eNB can transmit (R-)PDSCH using all symbols in the 2nd slot of the PRB pair. With alternative 2, both 1st and 2nd slots can be used for the transmission of UL grant which does not accompany any DL grant for the RN, in order to allow for more resources for the transmission of UL grant, compared to Alternative 1. With this alternative, as a UL grant without accompanying DL grant is allowed to be transmitted in the 2nd slot, (R-)PDSCH is not mapped to the R-PDCCH resource region in the 2nd slot as shown in Figure 2(b), because the scheduled RN cannot be aware of whether there is any UL grant transmission in the 2nd slot of the PRB pair or not. In Figure 2(b), it is assumed that the 3rd PRB pair is not pre-configured for R-PDCCH for RN1 and thus (R-)PDSCH transmission for RN1 can use all symbols in the PRB pair.
Proposal

· UL grant can be transmitted in 1st slot as well as 2nd slot (Alternative 2)
· UL grants for different RNs can be transmitted in the same PRB pair, but in different slots
· If a PRB pair pre-configured for R-PDCCH for a RN is scheduled for (R-)PDSCH for the RN, the symbols preconfigured for R-PDCCH are not used for (R-)PDSCH transmission
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(a) Alternative 1                                                         



(b) Alternative 2 
Figure 2 Multiplexing R-PDCCH with (R-)PDSCH 
2.3 Interleaving

To support both localized and distributed transmission of R-PDCCH, CCE to PRB mapping can be interleaved or not interleaved as shown in Figure 3. In the figure, we assume that there is no REG-level interleaving and thus each slot of a PRB pair will carry a single CCE. Once RNs are pre-configured PRBs comprising a search space for R-PDCCH, RNs will try to detect its R-PDCCH in the search space based on the configured CCE to PRB interleaving mode. If RNs are configured as no interleaving mode (Figure 3(a)), CCEs will be directly mapped to pre-configured PRBs without any permutation and the support of localized transmission of R-PDCCH is straightforward. On the other hand, with interleaving mode, CCEs will be permuted first before being mapped to PRBs and this permutation results that contiguous CCEs map to scattered PRBs, as similar to the VRB-to-PRB mapping of PDSCH. LTE permutation function can be reused for the permutation. Related with this, the issues on search space design and blind decoding are discussed in the companion contribution [1] and specific CCE structures are discussed in the companion contribution [2]. The interleaving mode can be semi-statically configured for respective RNs. Also, the interleaving mode and RS type for R-PDCCH can be independently configured, like the VRB-to-PRB mapping mode and RS type for PDSCH are separately configured in LTE.
Proposal

· In order to well support both distributed and localized transmissions, both “interleaving” and “no interleaving” operations are supported for the mapping of CCE to PRB
· The interleaving mode can be semi-statically configured for respective RNs
· The interleaving mode and RS type for R-PDCCH can be independently configured
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(a) RN1~3 without interleaving                             





 (b) RN4~6 with interleaving
Figure 3 Interleaving concepts for R-PDCCH

2.4 RS for R-PDCCH and (R-)PDSCH
With TDM/FDM structure, R-PDCCH can be multiplexed with (R-)PDSCH within a same PRB pair. RS types for the two channels can be independently configured. Figure 4 shows exemplary RS configurations for R-PDCCH and (R-)PDSCH. If a RN is configured as CRS mode for R-PDCCH, then DM-RS REs existing in the symbols for R-PDCCH can be used for R-PDCCH transmission resulting to an increase in the CCE size for R-PDCCH. Only DM-RS in the 2nd slot will be used for (R-)PDSCH when the RN is configured as DM-RS mode for (R-)PDSCH. 
Proposal

· For a RN configured as CRS mode for R-PDCCH, the DM-RS REs in the corresponding R-PDCCH resource are used to carry R-PDCCH symbols for the RN
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Figure 4 RS for R-PDCCH and (R-)PDSCH
3 Conclusion

This contribution presented TDM/FDM based R-PDCCH multiplexing structure. Based on the discussions above, we propose to take the followings as baselines for the design of R-PDCCH/R-PDSCH structure:
· R-PDCCH/R-PDSCH multiplexing

· TDM/FDM multiplexing: R-PDCCH can be multiplexed with R-PDSCH in the same PRB pair
· R-PDCCH mapping

· UL grant can be transmitted in 1st slot as well as 2nd slot
· If a PRB pair pre-configured for R-PDCCH for a RN is scheduled for R-PDSCH for the RN, the symbols preconfigured for R-PDCCH are not used for R-PDSCH transmission
· Interleaving
· In order to well support both distributed and localized transmissions, both “interleaving” and “no interleaving” operations are supported for the mapping of CCE to PRB

· The interleaving mode can be semi-statically configured for respective RNs
· The interleaving mode and RS type for R-PDCCH can be independently configured
· RS for R-PDCCH and R-PDSCH
· For a RN configured as CRS mode for R-PDCCH, the DM-RS REs in the corresponding R-PDCCH resource are used to carry R-PDCCH symbols for the RN
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