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1
Introduction
In RAN1#60bis, it was agreed that for DM-RS based R-PDCCH demodulation,  no interleaving across R-PDCCHs within a PRB is allowed. In RAN1#61bis, it was further agreed that for CRS based R-PDCCH demodulation, two interleaving modes are supported: Rel-8 type REG-level interleaving and no interleaving across R-PDCCHs within a PRB. In this contribution, we discuss the details of the R-PDCCH interleaver for both DM-RS based and CRS based R-PDCCH demodulations.  
2
Discussion

In RAN1#60, it was agreed that both CRS and DM-RS based R-PDCCH demodulation are supported. For DM-RS based R-PDCCH demodulation, it was further agreed in RAN1#60bis that the DL grant and UL grant in a PRB pair shall be for the same RN. That is, no REs in such a PRB pair can be used for a different RN. On the other hand, for CRS based R-PDCCH demodulation, it was agreed in RAN1#61bis that two interleaving modes are supported: Rel-8 type REG-level interleaving and no interleaving across R-PDCCHs within a PRB. 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 and (R)-PDSCH.

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

In RAN1#59bis and RAN1#60, the following was agreed:
· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.

· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
· For a given RN, R-PDSCH transmission mode shall not change dynamically nor depending on subframe type

· demodulate with CRS when CRS are configured and DM-RS when DMRS are configured according to the transmission mode, eNB configures the transmission mode

· FFS whether all transmission modes are supported by all RNs

Note that in Rel-8 within each (R)-PDSCH transmission mode, two DCI formats and correspondingly two PDSCH transmission schemes are supported:

· DCI Format 1A (for fall back operation) and transmit diversity based PDSCH transmission

· Mode-dependent DCI format and mode-dependent PDSCH transmission scheme

One important issue is whether to support the fallback operation for RN.  In Rel-8, DCI format 1A based fallback is necessary especially in terms of RRC re-configuration, where there is a potential ambiguity between the eNB and the UE regarding when the new configuration is applied by the UE. Since RRC re-configurations for RNs (e.g., backhaul subframes, starting symbol index of (R)-PDSCH, RS types for R-PDCCH, DL transmission mode, etc.) are necesary as well, it is natural that the fallback operation via DCI format 1A is supported for RN backhaul as well. For instance, without the fallback operation, RS type reconfiguration for R-PDCCH can be problematic. 
However, in MBSFN subframes, CRS is not transmitted in the data region. Rel-8 SFBC based transmit diversity can not be readily applied in this case. Some other transmit diversity scheme based on DM-RS may be used, e.g., LD CDD like transmit diversity, but it introduces additional complexity and possible standard impact. As a result, it seems necessary to have at least one non-MBSFN subframe configured as part of the DL backhaul subframes.
Another issue is regarding time and frequency tracking at the RN. In Rel-8, such tracking relies on the availability of CRS. Due the absence of CRS in the data region of the MBSFN subframes, Rel-8 implementation can not be readily applied. It is possible to rely on some other means for the tracking, e.g., CSI-RS, DM-RS, or truncated CRS, etc. Also, the need for time and frequency tracking is argubly less if the backhaul channel is assumed to be stationary.However, for simplicity and robustness, it is still desirable to have at least one non-MBSFN subframe in DL backhaul to enable CRS based time and frequency tracking.
Therefore, based on the need for fallback and timing tracking, we propose:
Proposal: 
· The same transmission modes specified for Rel-10 UEs are supported in RN backhaul, where DCI format 1A can be used for fallback operation. 
· At least one non-MBSFN subframe is configured as part of the DL backhaul subframes. DCI format 1A is only present in non-MBSFN subframes in the DL backhaul, where the same Rel-8 transmit diversity scheme is used.

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, particually when precoding operation is applied for both R-PDCCH and (R)-PDSCH. Therefore, natually, 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. 
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.
Note also that as agreed in RAN1#61, R-PDCCH is assumed to only have rank 1 transmission. Similar to Rel-8, R-PDCCH should also assume QPSK modulation only, using convolutional coding.
2.3
Interleaver for CRS based R-PDCCH
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 REs available for CRS based R-PDCCH should be largely the same as those for DM-RS based R-PDCCH, except the difference in terms of the REs for DM-RS. Since in this case R-PDCCH is not multiplexed with (R)-PDSCH in the same PRB pair, there are no DM-RS ports in the PRBs carrying R-PDCCH. Thus,
Proposal: For CRS based R-PDCCH, the REs in a PRB for R-PDCCH should potentially discount those for CRS and/or CSI-RS.

The REG definition is applicable for both interleaving modes. The REG definition should follow Rel-8 definition as much as possible.  In Rel-8, the REG defintion follows a 4x1 structure, where first index is frequency tone and the second index is OFDM symbol.  The REGs is also numbered following the “time-first, frequency second” rule. However, 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: Contruct 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

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, 8 CSI-RS ports is always assumed when discounting CSI-RS REs for R-PDCCH. 
2.4
Interleaving Depths

In RAN1#61bis, it was agreed that a limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL) for the REG-level interleaving. It is natural that such a limit is applicable to PRB-level interleaving as well. 

It was agreed that the set of PRBs reserved for R-PDCCH transmission is semi-statically configured [1]. However, it remains open that whether each RN monitors the entire set of or a subset of the reserved R-PDCCH resource pool. The former implies that all RNs monitor the same set of PRBs for R-PDCCH transmission. From signalling perspective, only one cell-specific set of R-PDCCH configurations is necessary. The latter implies that the monitoring can be RN-specific. It provides enhanced flexbility in R-PDCCH resource management at the expense of additional layer 3 signalling (RN-specific R-PDCCH configuration is necessary for each RN).  In Rel-10, it is reasonable to consider the former as the baseline, while the latter can be further considered in future releases.

It is worth noting that the same R-PDCCH resource configuration applies to both DL and UL grants. In other words, the configuration is always in units of PRB pairs. 

Therefore, the interleaving depth is equivalent to the number of possible R-PDCCH configurations (in PRBs). In order to support up to 18 interleaving depths, 5-bit is necessary. One simplification is to use a 4-bit configuration. However, it is noted that the configuration of R-PDCCH resource pool not only provides the number of the PRBs for R-PDCCH,  but  also the location of the PRBs. Both localized and distributed PRBs are possible. As a result, the total number of bits required for R-PDCCH resource allocation is much larger. An example of the number of PRBs for R-PDCCH can be {1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 20, 24}, where fine granularity can be specified for small number of PRBs; the increment of PRBs can be aligned with possible CCE levels (1, 2, 4 and 8); and up to 24% R-PDCCH control overhead can be aligned with Rel-8 control overhead (3 out of 14 or 21%).  It is also worth mentioning that it is preferable to keep at least a minimim set of R-PDCCH resource unchanged during R-PDCCH resource re-configuration in order to avoid potential ambiguity in re-configuration and potential blind detection.  Details needs to be further studied.

2.5
Combination of Interleaving Modes

Note that DCI format 1A is always based on CRS, while the mode-dependent DCI may be configured with CRS or DM-RS based demodultion. Clearly, it is not desirable to support different interleaving modes for different DCIs in one cell. Therefore, there are only three possible combinations:

Table 2 Supported Combinations of R-PDCCH Interleaving

	
	DCI format 1A
	Mode-dependent DCI

	Combination 1
	CRS, REG-interleaving
	CRS, REG-interleaving

	Combination 2
	CRS, No REG-interleaving
	CRS, No REG interleaving

	Combination 3
	CRS, No REG-interleaving
	DM-RS, No REG interleaving


3
Conclusions
In this contribution, we discussed the detailed R-PDCCH interleaver design. In particular, we proposed:
· The same transmission modes specified for Rel-10 UEs are supported in RN backhaul, where DCI format 1A can be used for fallback operation. 

· At least one non-MBSFN subframe is configured as part of the DL backhaul subframes. DCI format 1A is only present in non-MBSFN subframes in the DL backhaul, where the same Rel-8 transmit diversity scheme is used.

· 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

	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


· Only QPRK is supported for R-PDCCH, with the same Rel-8 convolutional coding.
· 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, the REs in a PRB for R-PDCCH should potentially discount those for CRS and/or CSI-RS.
· The same Rel-8 REG design should be used, where for the symbols containing CSI-RS, 8 CSI-RS ports is always assumed when discounting CSI-RS REs for R-PDCCH

· In Rel-10, the set of semi-statically R-PDCCH resources is cell-specific and in units of PRB pairs. R-PDCCH interleaving depth is related to the number of PRBs configured for R-PDCCH, with details FFS.
· The following combinations of R-PDCCH interleaving are supported:

	
	DCI format 1A
	Mode-dependent DCI

	Combination 1
	CRS, REG-interleaving
	CRS, REG-interleaving

	Combination 2
	CRS, No REG-interleaving
	CRS, No REG interleaving

	Combination 3
	CRS, No REG-interleaving
	DM-RS, No REG interleaving
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