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1
Introduction
In RAN1#62, it was agreed that for R-PDCCH, the REs in a PRB for R-PDCCH should discount at least those used for CRS and/or CSI-RS. In this contribution, we discuss some remaining details of the R-PDCCH interleaver for both DM-RS based and CRS based R-PDCCH demodulations.  
2
Discussion

In the sequel, we first discuss the interaction of RS types for R-PDCCH and (R)-PDSCH, followed by the detailed interleaver design for R-PDCCH.

2.1
Interaction of RS Types for R-PDCCH and R-PDSCH

In RAN1#62bis, it was agreed that for R-PDCCH mode 2 (no interleaving), two DCI formats are supported in each slot, namely:
· RN monitors the following DCI formats in the first slot

· DCI format 1A  and 

· A TM dependent DL DCI format 

· RN monitors the following DCI formats in the second slot

· DCI format 0 and 

· A TM dependent UL DCI format if RN supports that TM. 

Naturally, it is applied to R-PDCCH mode 1-1 as well. In addition, the same transmission modes specified for Rel-10 UEs should be supported in RN backhaul for both mode 2 and mode 1-1. 
Note that it is possible to have the same or different RS types for R-PDCCH and R-PDSCH for a RN, particularly,

· CRS based R-PDCCH, and CRS based (R)-PDSCH
· CRS based R-PDCCH, DM-RS based (R)-PDSCH 
· DM-RS based R-PDCCH, and CRS based (R)-PDSCH 

· DM-RS based R-PDCCH, and DM-RS based (R)-PDSCH 

The combination of DM-RS based R-PDCCH and CRS based (R)-PDSCH seems of little use, and should not be supported. In RAN#61, it was agreed that R-PDCCH and (R)-PDSCH may be multiplexed in one PRB pair, particularly when precoding operation is applied for both R-PDCCH and (R)-PDSCH. Therefore, naturally, the multiplexing should be supported when both R-PDCCH and R-PDSCH rely on DM-RS for demodulation. However, when R-PDCCH is CRS based, precoding for R-PDCCH is not possible. In addition, for REG-level R-PDCCH interleaving, one R-PDCCH may span multiple PRBs. Multiplexing CRS based R-PDCCH and DM-RS based (R)-PDSCH in one PRB pair may also complicate the definition of REGs, as the REs available for R-PDCCH have to discount those for DM-RS. Therefore, nultiplexing control and data in the case of CRS based R-PDCCH should not be supported. The following table summarizes the interaction between R-PDCCH and (R)-PDSCH.   
Table 1 Interaction between R-PDCCH and (R)-PDSCH

	R-PDCCH
	(R)-PDSCH
	Support multitplexing R-PDCCH and (R)-PDSCH in a PRB pair?

	Configured RS Type
	Configured RS Type for the mode-dependent DCI
	

	CRS
	CRS
	No

	CRS
	DM-RS
	No

	DM-RS
	DM-RS
	Yes


2.2
Interleaver for DM-RS based R-PDCCH
Since the entire PRB is assumed to be for one R-PDCCH, it is not necessary to have REG definition in this case. The REs available for R-PDCCH should always discount DM-RS (in order to support multiplexing R-PDCCH and (R)-PDSCH in the same PRB pair) and potentially discount the REs for CRS (depending on the subframe type), CSI-RS (depending the presence of CSI-RS or not in the subframe). For CRS and CSI-RS, the RN knows the exact number of antenna ports and the corresponding REs. For DM-RS, the RN has to further assume the maximum possible number of DM-RS REs for (R)-PDSCH, in order to avoid the potential “chicken-and-egg” problem.  Alternatively, the RN can be signalled whether a subset of DM-RS REs should be discounted or not. This approach would, however, limit dynamic rank adaptation of PDSCH and hence impact DL backhaul efficiency. It may also introduce additional R-PDCCH decoding complexity during the potentail ambiguity duration of the RRC configuration. In addition, the “loss” of the DM-RS REs due to the assumption of max DM-RS REs can be easily recovered by power control, which is typically enabled for control channels. The power savings of the reserved but non-used DM-RS REs can also be used by other data or control channels.
To sum up, we propose:

Proposal: For DM-RS based R-PDCCH, the REs in a PRB for R-PDCCH should always discount the REs for DM-RS and potentially discount those for CRS and/or CSI-RS. For DM-RS, maximum possible number of DM-RS REs for (R)-PDSCH should be assumed.
2.3
Interleaver for CRS based R-PDCCH
In RAN1#62, it was agreed that for CRS based R-PDCCH, the REs in a PRB for R-PDCCH should potentially discount those for CRS and/or CSI-RS. The same Rel-8 CCE is used, i.e. 9 REGs, and the same Rel-8 REG design should be used, i.e. in frequency domain in one OFDM symbol.

For CRS based R-PDCCH, there are two possible operation modes:

· No interleaving across different R-PDCCHs in a PRB

· Rel-8 type REG-level interleaving

The REG definition is applicable for both interleaving modes. It is noted that in OFDM symbols containing Rel-9 and Rel-10 DM-RS and CSI-RS, the DM-RS or CSI-RS pattern is either constructed using 1x2 blocks or 2x2 blocks. The agreed CSI-RS pattern for the normal CP is shown in the Figure below. For the symbols containing CSI-RS, while for 8 CSI-RS ports, the same 4x1 rule can be easily applied within each 6 adjacent tones, the issue becomes a bit more complicated for the cases of 4 or 2 CSI-RS ports. For instance, with 4 CSI-RS ports, within each symbol, there are 10 REs left. There are a few design options:
· Option 1: Construct REG within 6 adjacent tones, always assuming 8 CSI-RS ports, even if fewer number CSI-RS ports are present
· Option 2: Construct REG using 2x1 blocks

· Option 3: Construct REG using 2x2 blocks

Option 2 is reasonable given the nature of SFBC and may fully use all the REs in CSI-RS symbols for R-PDCCH. Option 3 is aligned with the design of DM-RS and CSI-RS, but may require a different form of transmit diversity (e.g., STBC). Option 1 is simplest, with the potential of wasting 2 REs per CSI-RS symbol (and up to 4 REs per subframe). For simplicity, option 1 is preferred. The same “time-first, frequency second” rule for numbering REG can be re-used.
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Figure 1 Illustration of CSI-RS pattern for the normal CP case

Additionally, in RAN1#62bis, it was agreed that PDSCH muting for CSI-RS operation was agreed. The intra-subframe location of muted resource elements is indicated by a 16-bit bitmap, where each bit corresponds to a 4-port CSI-RS configuration. Similarly, for simplicity, one can always assuming 8 CSI-RS ports containing the signalled 4-port CSI RS configurations when discounting CSI-RS REs for R-PDCCH. Note that the impact of CSI-RS REs is mainly limited to UL grants, which is reasonable since the second slot has more REs than the first slot.
To sum up, we propose:

Proposal: For CRS based R-PDCCH, the same Rel-8 REG design should be used, where for the symbols containing CSI-RS or muted REs, 8 CSI-RS ports is always assumed when discounting CSI-RS REs for R-PDCCH. 
3
Conclusions
In this contribution, we discussed some remaining details in R-PDCCH interleaver design. In particular, we proposed:
· The same transmission modes specified for Rel-10 UEs are supported in RN backhaul. 

· The combination of DM-RS based R-PDCCH and CRS based (R)-PDSCH is not be supported. Multiplexing of CRS based R-PDCCH with (R)-PDSCH in the same PRB pair is not supported
· For DM-RS based R-PDCCH, the REs in a PRB for R-PDCCH should always discount the REs for DM-RS and potentially discount those for CRS and/or CSI-RS. For DM-RS, maximum possible number of DM-RS REs for (R)-PDSCH should be assumed.

· For CRS based R-PDCCH, for the symbols containing CSI-RS or muted REs, 8 CSI-RS ports is always assumed when discounting CSI-RS REs for R-PDCCH.
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