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1 Introduction

Email rapporteur proposed following topic as the discussion topic toward RAN1 meeting #59bis. In this document, we provide our views on this topic.

	Could you provide your thinking on the relation among following points?
In case of multiple options in a bullet is supported, do you have some idea on the restriction on the combinations to reduce the complexity? If pictures are provided, it is really useful. Intention is to understand each company's opinion toward January.

- Interleaving (all, a few, no interleaving etc)

- In case of interleaving support, what is the one unit size of the interleaving? (CCE?, REG? Fixed size or variable depending on something related to RE number in a PRB/slot size? Or something else?)

- R-PDCCH placement in frequency domain (frequency distributed, localized)

- R-PDCCH region (FDM+TDM, FDM...) from eNB perspective and from RN perspective
- In case of FDM+TDM, what is the time duration of the relay control region within a PRB pair? 

- In case of FDM+TDM, how are the remaining OFDM symbols in a PRB pair allocated/utilized? Is there some restriction on the assignment? This is especially in case of DM-RS based demodulation.

- RS (DM-RS, CRS)

- RS for R-PDCCH – configurable by the donor eNB or fixed?

- If CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe (but no MBSFN transmission), how it is transmitted?

- In case of DM-RS, can multiple (a part of) R-PDCCHs be multiplexed in the control region within a PRB pair? In case of multiple R-PDCCH, are there some restrictions?

- Behaviour is different between normal subframe and MBSFN subframe (but no MBSFN transmission)?

- If there is some restriction, what kind of the restriction do you have in mind?


2 Proposal
Our proposal consists of following properties.

- Interleaving is among restricted number of R-CCEs, which are located only in a few RBs. The R-CCE size is a quarter of the number of REs in a RB. So depending on the number of available REs in a RB, R-CCE size has a variation.
- Both frequency distributed and localized R-PDCCH placement is supported. Frequency distributed or localized is realized by that a few RBs in the same interleaving process are located by distributed or localized. So it only affects the mapping.
- R-PDCCH regions are only FDM.

- Both CRS and DM-RS are supported. CRS usage is mode 1 and DM-RS usage is mode 2.
· In mode 1, CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe for a RB used for R-PDCCH.
· In mode 2, CRS is not transmitted in MBSFN subframe.
· In mode 2, multiple R-PDCCHs can be multiplexed within a PRB pair. A DM-RS layer and a R-CCE have specific relation.

- In mode 1, there is no difference of the behaviour between normal subframe and MBSFN subframe except the channel estimation of CRS in MBSFN subframe is restricted within a RB to transmit R-PDCCH.
- In mode 2, R-CCE size is different between normal subframe and MBSFN subframe because normal subframe has CRS overhead. Channel estimation uses DM-RS on normal subframe and MBSFN subframe.

We explain further details in the following.
Interleaving

The interleaving process works on a restricted number of R-CCE(Relay-CCE)s, and the output of each interleaver is affecting only in a limited number of RBs.  We call this as partial interleaving. R-CCE size is defined by a quarter of the number of REs in a RB.

Fig 1 shows an example. In this figure, 8 R-CCEs are interleaved and 8 R-CCEs are mapped on 2RBs. In this example, if all R-PDCCHs are used, all four RBs (RB#A, #B, #C, #D) are used. If only some R-PDCCHs are used, only RB#A and RB#B are used. Then RB#C and RB#D can be used for PDSCH or R-PDSCH. 
. 
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Fig. 1 partial interleaving

R-PDCCH placement in frequency domain (frequency distributed, localized)
Frequency distributed placement is useful for frequency and interference diversity. On the other hand, frequency localized R-PDCCH placement can efficiently exploit good channel characteristics for a stationary relay node, resulting in a small control overhead. Therefore our proposal is to have both frequency localized and distributed R-PDCCH placement. Using the example in Fig 1, if RB#A and RB#B are located in frequency distributed, it means frequency distributed placement. If RB#A and RB#B are located in frequency localized, it means frequency localized placement.
Pure FDM placement (R-PDCCH region)
Our proposal is to use pure FDM placement. So R-PDCCH is placed from the earlier OFDM symbol to last OFDM symbol of the subframe.
Although FDM+TDM may have some benefit of the delay reduction, it is difficult to utilize the remaining OFDM symbols in a PRB pair efficiently especially in case of DM-RS. In addition, channel estimation performance would be degraded in the operation of MBSFN subframe and/or DM-RS.

As the additional merit of pure FDM, power sharing can be easily supported since the power of R-PDCCH can be constant during a subframe. The coverage of the R-PDCCH in this case can be larger than TDM+FDM placement since eNB can allocate more power for R-PDCCH than the others. On the other hand, if the required amount of the power for R-PDCCH is small, the remaining transmission power can be used for the PDSCH.

RS usage
We propose to support two modes. CRS usage is mode 1 and DM-RS usage is mode 2.
Illustration of mode 1 and mode2 in normal and MBSFN subframes are shown in Fig 2 and Fig 3, respectively. In these figures, 2 eNB antenna ports of CRC, 24REs of DM-RS in a RB and normal CP are assumed.  
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Mode 1 is used when eNB does not support DM-RS. Mode 1 is also used when majority of backhaul subframe at eNB side is normal subframe, i.e. majority of UEs in a cell is release 8 or 9.

Mode 2 is used when the system is utilizing beamforming gain or spatial multiplexing gain of R-PDCCHs. Mode 2 is also used when majority of the backhaul subframe at eNB side is MBSFN subframe, i.e. majority of UEs in a cell is release 10 or later.

R-CCE size in each mode and each subframe in case of 2 eNB antenna ports of CRS and 24 REs of DM-RS in a RB are shown in table 1. As shown in the table 1, R-CCE size is constant regardless of normal subframe or MBSFN subframe in mode 1. R-CCE size varies in mode 2 between normal subframe and MBSFN subframe. 
Table 1. R-CCE size in case of 2 eNB antenna ports and 24 REs of DM-RS in a RB
	
	Mode 1
	Mode 2

	
	Normal subframe
	MBSFN subframe
	Normal subframe
	MBSFN subframe

	R-CCE size
	30
	30
	24
	27


R-CCE size changes depending on the number of CRS antenna ports, the number of REs for DM-RS and CSI-RS insertion.

In mode 1, CRS is transmitted in other than 1st/2nd OFDM symbol in MBSFN subframe for a RB used for R-PDCCH but channel estimation of CRS in MBSFN subframe is restricted within a RB to transmit R-PDCCH.
In mode 2, DM-RS layer and R-CCE has some specific relations. The detail is FFS but it would be one to one mapping.
If scheduler of eNB has restriction of that eNB assigns only normal subframes or only MBSFN subframes as backhaul subframes of a RN, there is a possibility that mode 1 supports only normal subframes and mode 2 supports only MBSFN subframes. This makes the whole design a lot simpler. We should consider whether this restriction of eNB scheduler is suitable or not. The pattern of MBSFN subframe of eNB is semi-statically assigned. This should be mainly decided based on the number of rel. 8/9 UEs in order not to sacrifice eNB's throughput to UEs by adding the relay especially if the number of RN is relatively small. 
3 Summary

We proposed following properties.

- Interleaving is among restricted number of R-CCEs, which are located only in a few RBs. The R-CCE size is a quarter of the number of REs in a RB.
- Both frequency distributed and localized R-PDCCH placement is supported. 

- R-PDCCH regions are only FDM (pure FDM).
- Both CRS and DM-RS are supported. CRS usage is mode 1 and DM-RS usage is mode 2.
- Mode 1 support only normal subframe and mode 2 support only MBSFN subframe is FFS
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