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1 Introduction
Email Rapporteur proposed following topic as the downlink control design related topic for inband relay toward RAN1 meeting #60. In this document, we provide our views on this topic.

	Table 1. Summary of R-PDCCH design

Option 

RS

R-PDCCH region

"A PRB pair" contains(*)

Interleaving across PRBs

Usage of remaining OFDM symbols in case of FDM+TDM

1

Precoded/non-precoded RS

FDM+TDM

A full single or part of a single R-PDCCH

No

R-PDSCH to same RN as R-PDCCH

2

Precoded/non-precoded RS

FDM+TDM

a part of R-PDCCH

Yes, across a few PRBs

R-PDSCH to same RN as R-PDCCH

3

Precoded/non-precoded RS

FDM

A full single or part of a single R-PDCCH

No

-

4

Precoded/non-precoded RS

FDM

a part of R-PDCCH

Yes, across a few PRBs

-

5

Precoded RS

FDM+TDM

a few R-PDCCHs to a single RN

Yes, across a few PRBs

Same RN as R-PDCCHs

6

Precoded RS

FDM

a few R-PDCCHs to a single RN

Yes, across a few PRBs

-

7

Precoded RS

DM-RS sequence--CCE linkage

FDM

a few R-PDCCHs

No RN restriction

Yes, across a few PRBs

-

8

Precoded RS

Best-effort beam choice

FDM

a few R-PDCCHs

RNs with close spatial directions

Yes across a few PRBs

-

9

Non-precoded RS

FDM+TDM

a few R-PDCCHs

Yes, across a few PRBs

No RN restriction

10

Non-precoded RS

FDM

a few R-PDCCHs

Yes, across a few PRBs

-

11

- Intra-R-PDCCH interleaving and intra-PRB interleaving don't make the difference as the option to choose for now. So I didn't list them separately.

- Non-precoded RS may be CRS and precoded RS may be DM-RS. It depends on the need of new RS design.

- In option 1, 2, 3 and 4, the design would not be different between precoded RS and non-precoded RS. Therefore, I merged.

- (*) in case of "TDM+FDM", full "a PRB pair" is not be utilized. "A few R-PDCCHs" means also a part of a few R-PDCCHs.

- "DM-RS sequence to CCE linkage" means one sequence of DM-RS is linked to specific REs of the same CCE in a PRB pairs. It is not necessary to be spatial multiplexing but not necessary to exclude such discussion now.

Question 1: Does above table include your proposal? If it is not listed, could you provide it?
Question 2: Could you provide your thinking on the proposals including pros and cons? 
Question 3: Do you see the need of new DM RS, or non-precoded RS in MBSFN subframes, for the sole purpose of eNB-to-RN channel demodulation for R-PDCCH?
Question 4: Do you see the need of R-PHICH?
Question 5: Do you see the need of control channel like DCI format 3/3A? What kind of DCI formats need to be supported for the backhaul?

Question 6: What is your view to use PDCCH as inband operation?


2 Discussion
 Our proposal is option 7 and option 10 of table 1
Table 1. Supported operation of R-PDCCH

	Option 
	RS
	R-PDCCH region
	"A PRB pair" contains(*)
	Interleaving across PRBs
	Usage of remaining OFDM symbols in case of FDM+TDM

	7
	Precoded RS

DM-RS sequence--CCE linkage
	FDM
	a few R-PDCCHs

No RN restriction
	Yes, across a few PRBs
	-

	10
	Non-precoded RS
	FDM
	a few R-PDCCHs
	Yes, across a few PRBs
	-


- Both precoded RS and Non- precoded RS are supported. Non-precoded RS is CRS and precoded RS is DM-RS. DM-RS usage is option 7 and CRS usage is option 10.

· In option 7, CRS is not transmitted in MBSFN subframe.

· In option 7, multiple R-PDCCHs can be multiplexed within a PRB pair. A DM-RS sequence and a R-CCE have specific relation.

· Option 10 support only non MBSFN subframe if scheduler of eNB can allocate only non MBSFN subframe for backhaul subframe.

- R-PDCCH regions are only FDM.
- 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. Therefore, R-CCE size is different between normal subframe and MBSFN subframe because normal subframe has CRS overhead.
- R-PHICH is not necessary.
- Rather negative to support of format 3/3A
We explain further details in the following.
2.1 Discussion
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 used for the backhaul.

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
Illustration of option 7 in normal and MBSFN subframe and option 10 in normal subframes are shown in Fig 1 and Fig 2, respectively. In these figures, 2 eNB antenna ports of CRS, 24REs of DM-RS in a RB and normal CP are assumed.  
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                                                           Fig. 1 Option 7                                                                    Fig. 2  Option 10

Option 10 is used when eNB does not support DM-RS. Option 10 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. The scheduler of eNB has restriction of that eNB assigns only normal subframes for backhaul subframe.
Option 7 is used when the system is utilizing beamforming gain or spatial multiplexing gain of R-PDCCHs. Option 7 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. In addition, it is also used when the backhaul for a RN is required to support both normal and MBSFN subframe.
The number of R-CCE in a PRB pair is 4. 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 option 10. R-CCE size varies in option 7 between normal subframe and MBSFN subframe. 

Table 2. R-CCE size in case of 2 eNB antenna ports and 24 REs of DM-RS in a RB

	
	Option 7
	Option 10

	
	Normal subframe
	MBSFN subframe
	Normal subframe

	R-CCE size
	24
	27
	30


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

In option 7, 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 option 7 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. 

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 2 RBs. 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. 3 partial interleaving

R-PHICH
In Release 8, the significance of PHICH is either to trigger a non-adaptive retransmission (NACK) or to suspend transmissions for the HARQ process until an R-PDCCH for the same HARQ process is received (ACK). It should be noted that the content of the PHICH is ignored if it coincides with the reception of a PDCCH.

We are currently not convinced that a R-PHICH is required for the system operation. Detailed considerations are given in our companion contribution [2].

DCI format
When the RN behaves as UE, RN should support all transmission modes supported by UE. When the RN behaves as type 1 relay, we assume at least transmission mode 1 equivalent (single-antenna port), transmission mode 2 equivalent (transmit diversity), and transmission mode 8 equivalent (dual-layer transmission).
At least DCI format 1/1A/2B equivalent are supported in order to indicate transmission mode 1,2 and 8 equivalent of R-PDSCH. DCI format 0 equivalent also be supported in order to indicate R-PUSCH.
Our position is type 1 relay is for stationary usage and the mobile relay is supported by outband relay. Therefore, the channel is rather stationary. Then we are rather negative to the need of TPC command 3/3A. 

As we don't expect paging, system information, RACH response by RN operation, we don't see the need of DCI format 3C.

Following table summarises our current view.

Table3 Supported DCI format in type 1 mode

	DCI format
	Comment

	Format 0 equivalent
	Supported to indicate R-PUSCH

	Format 1 equivalent
	Supported to indicate R-PDSCH

	Format 1A equivalent
	Supported to indicate R-PDSCH

	Format 1B equivalent
	FFS

	Format 1C equivalent
	Not supported

	Format 1D equivalent
	FFS

	Format 2 equivalent
	FFS

	Format 2A equivalent
	FFS

	Format 2B equivalent
	Supported

	Format 3/3A equivalent
	Rather negative to support


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.
- R-PDCCH regions are only FDM (pure FDM).
- Both CRS and DM-RS are supported.
- R-PHICH is not necessary
- Rather negative to support of format 3/3A
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