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1
Introduction
Significant progress was made in RAN1#60bis and RAN1#61 regarding R-PDCCH design. One remaining design detail is R-PDCCH interleaving when CRS is used to demodulate R-PDCCH. In this contribution, we provide our views on R-PDCCH interleaving, along with other R-PDCCH design details.
2
Discussion

In RAN1#60bis and RAN1#61, it was agreed that R-PDCCH for DL grants only occupies the first slot, and R-PDCCH for UL grants only occupies the second slot. If a DL grant is transmitted in the first PRB of a given PRB pair, an UL grant may be transmitted in the second PRB of the PRB pair.  For DM-RS based R-PDCCH demodulation, the DL grant and UL grant in a PRB pair shall be for the same RN, i.e., no REs in such a PRB pair can be used for a different RN. In the CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs.
For DM-RS based R-PDCCH demodulation, it is clear that R-PDCCH interleaving has a granularity of RBs. Due to the static partitioning between DL grants and UL grants at the slot boundary, the number of REs in one RB available for DL grants can be significantly smaller than that of UL grants. Under typical operations, the ratio is roughly 4:7, as there are 4 symbols available for DL grants but 7 symbols available for UL grants in the normal CP case. 
For CRS based R-PDCCH demodulation, two operation modes are currently under discussion, namely:
· Intra-PRB interleaving, where the resource granularity can be the same Rel-8, i.e., REGs or 4 REs

· Inter-PRB interleaving only, where the resource granularity is the same as the DM-RS case

In [1], a WF on this topic was captured, where it was proposed to support both modes for CRS based R-PDCCH demodulation. 

It is our preference to have intra-PRB interleaving for CRS based R-PDCCH, due to the following reasons:
· Robustness: robust R-PDCCH operation is a must, since without reliable R-PDCCH signalling, any PDSCH demodulation becomes impossible. In DL relay backhaul, although the channel is relatively stationary, interference can be very time-varying. 

· Simplicity: the same Rel-8 PDCCH design can be readily reused. The impact on standardization is minimal.
One concern over intra-PRB interleaving is the efficiency in reusing reserved but unused R-PDCCH resource for regular PDSCH traffic, when a single interleaving depth is adopted (which is equal to the entire set of the semi-statically configured R-PDCCH resource). 

One design alternative is to have two or more interleaving depths, similar to the support of multiple PCFICH vaules in Rel-8. This design alternative is straightforward and should be supported. Note that different from Rel-8 where explicit PCFICH values are broadcasted, the multi-interleaving-depth herein operates without the knowledge of R-PCFICH (which is not supported in Rel-10). However, it should not be a concern as the RN can perform blind R-PDCCH decoding in the way exactly the same as for different R-PDCCH decoding candidates. A max number of blind decodes can be enforced. 
It is viewed that the max number of R-PDCCH blind decodes for a RN should be similar to that of a Rel-10 UE. In addition, besides the common search space, RN-specific search space should also be supported.

Another related issue is the UL ACK/NAK resource in response to R-PDCCH/PDSCH transmissions. The same Rel-8 implicit ACK/NAK resource mapping can be designed. Note that, however, the resource mapping has to take into account the CCEs used for PDCCH for macro UEs, which may change on on a per subframe basis. To accomplish that, on top of the cell-specific offset NPUCCH(1) originally designed for macro UEs, RNs can be informed another cell-specific offset, denoted as NRN_PUCCH(1), such that the ACK/NAK resource index can be derived as:

NPUCCH(1) + NRN_PUCCH(1) + nCCE
where nCCE is the starting CCE index of the R-PDCCH. 
In the next section, we present some simulation results to further justify intra-PRB interleaving for R-PDCCH.

3
Simulations

Here we provide some simulation results comparing intra-PRB interleaving and inter-PRB interleaving based R-PDCCH. As agreed, DL grants are only present in the first slot, while UL grants are only present in the 2nd slot. Due to the half-duplex operation, the CRS on the first OFDM symbol not used for a RN for R-PDCCH demodulation. In light of the difference in resource granularity in intra-PRB interleaving, inter-PRB interleaving for DL grants, and inter-PRBH interleaving for UL grants, the following table is used comparing different number of PRBs over which interleaving is performed, for different aggregation levels (1 CCE = 36 REs):

Table 1 Number of PRBs over which R-PDCCH interleaving is performed

	Aggregation level 
	Intra PRB interleaving 
	Inter PRB interleaving DL Grant 
	Inter PRB interleaving UL Grant 

	1 CCE 
	4 RBs 
	1 RB 
	1 RB 

	2 CCE 
	4 RBs 
	2 RBs
	1 RB 

	4 CCE 
	4 RBs 
	4 RBs 
	2 RBs

	8 CCE
	8 RBs
	8 RBs
	4 RBs


A TU3 channel model was assumed. Interference estimation is assumed to be perfect.
5 Mhz Estimated Channel Perfect Interference (Interference same across all RBs)
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10 MHz, Perfect Channel, Interference changing every RB with 3 dB Log Normal distribution
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10 MHz, Perfect Channel, Interference changing every RB with 6 dB Log Normal distribution
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It is expected that DL backhaul relay typically has favorable geometries in which case the CCE aggregation level for R-PDCCH is likely to be small (likely 1 or 2 CCEs). The results presented above clearly show that intra-PRB interleaving provides significant performance gains over inter-PRB interleaving. For 2x2 TU with no interference variations, for 1 and 2 CCEs, the gain is around 2 dB at 1%. The gains become much larger when interference variations across RBs are taken into account. For example, for 2 CCE with 6 dB log-normal distribution of interference, the gain is around 6 dB. The need for intra-PRB interleaving is clearly demonstrated.
4
Conclusions
In this contribution, we provide our views on R-PDCCH interleaving when CRS is used for R-PDCCH demodulation. Simulation results were presented to further justify the need of intra-PRB interleaving. The following are proposed:
· Intra-PRB interleaving is supported, with multiple interleaving depths
· The max number of blind R-PDCCH decodes for a RN is similar to that of a Rel-10 UE
· RN-specific search space is supported, in addition to the common search space

· The ACK/NAK resource for R-PDCCH/PDSCH is implicitly derived, similar to Rel-8
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