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1. Introduction
It is specified in RAN2 as follows [1]:
· The attach procedure for the RN is the same as the normal UE attach procedure.
· When an RN performs the random access procedure, it suspends any current Un subframe configuration, meaning it temporarily disregards any Un specific configuration. The Un subframe configuration is resumed at successful random access procedure completion.
Therefore, Relay Node has the following two statuses:
· After configured as Relay Node

· Before configured as Relay Node (including the case of recovering the RLF)
In the status of “Before configured as Relay Node”, Relay Node will establish RRC connection almost as same as UE and carry out some configuration procedures for itself. And in the status of “After configured as Relay Node”, Relay Node will start Un and Uu communications.
On the other hand, it is agreed in RAN1#62 as the way forward on transmission mode and DCI design for Rel’10 DL MIMO as follows [6]:
· One new transmission mode is defined for Rel-10 DL MIMO (transmission mode 9) supporting SU-MIMO up to rank-8 and SU/MU dynamic switching

· A new DCI Format should be defined for this new transmission mode. 

· The new DCI format handles SU-MIMO operation for rank 3-8 in addition to carrying the information content of DCI format 2B for rank 1-2.

· Encoding of the information content is FFS

· DCI format 1A is used in the fall-back scheme of this transmission mode 

In this contribution, we are going to discuss the eNB transmission modes for the above two statuses of Type 1 Relay Node.

2. eNB transmission modes for Type 1 Relay Node
2-1. After configured as Relay Node

For Rel’8/9, 8 different transmission modes are supported for the UEs where CRS and UE specific RS are employed for PDSCH demodulation [2]. In addition, at least one new transmission mode is defined for Rel’10 DL MIMO [6] and DMRS will be supported for mainly targeting PDSCH demodulation in the new transmission mode(s) [3]. CRS and DMRS can be used for R-PDCCH demodulation. Further more, based on the agreements in RAN1#61bis [4], there are three different options for Type 1 Relay Node to monitor its R-PDCCH reception as follows:
Option 1: R-PDCCH interleaving with CRS

Option 2: No interleaving across R-PDCCHs in a PRB with CRS

Option 3: No interleaving across R-PDCCHs in a PRB with DMRS

And it is agreed in RAN1#62 as follows [7]:
· Support of “no interleaving across R-PDCCHs in a PRB” is mandatory for RN for both CRS based and DM-RS based R-PDCCH design.
· No optional interleaving modes are supported in Rel’10.

In practise, the Relay Node will apply only one of these options semi-statically, but at least Option 2 and Option 3 have to be supported for Type 1 Relay Node in Rel’10. It means that for the status of “After configured as Relay Node”, it is necessary that eNB transmission modes for Type 1 Relay Node in Rel’10 to be supported in at least these two options. The eNB transmission modes will be also applied to R-PDSCH and PDSCH for Type 1 Relay Node,
In principle, it is possible that that all the current Rel’8/9 transmission modes plus at least one additional transmission mode of Rel’10 are supported for the status of “After configured as Relay Node”. But from the implementation point of view, restricting the transmission modes will be beneficial in order to reduce implementations and IOT tests. Therefore, we think that basically at least a part of the transmission modes of Rel’8/9 using CRS for Option 2 (and Option 1), and (a part of) the transmission modes of Rel’10 using DMRS for Option 3 are necessary for the status of “After configured as Relay Node” as listed on Table 1 below. UE-specific RS can be used for Option 3 as same as DMRS, and it is preferable to discuss its necessity.
Table 1. Transmission modes for Type 1 Relay Node after configured as Relay Node
	eNB Transmission Modes for 
“After configured as Relay Node”
	RS for R-PDCCH demodulation
	DCI format for DL
	DCI format for UL

	1
	Single-antenna (port0)
	CRS
	1A
	0

	
	Single-antenna (port0)
	CRS
	1
	0

	2
	Transmit diversity
	CRS
	1A
	0

	
	Transmit diversity
	CRS
	1
	0

	3
	Transmit diversity
	CRS
	1A
	0

	
	Large delay CDD or Transmit diversity
	CRS
	2A
	0

	4
	Transmit diversity
	CRS
	1A
	0

	
	Closed-loop spatial multiplexing or Transmit diversity
	CRS
	2
	0

	5
	Transmit diversity
	CRS
	1A
	0

	
	Multi-user MIMO
	CRS
	1D
	0

	6
	Transmit diversity
	CRS
	1A
	0

	
	Closed-loop spatial multiplexing using a single transmission layer
	CRS
	1B
	0

	7
	Single-antenna (port0) or Transmit diversity
	CRS
	1A
	0

	
	Single-antenna (port5)
	UE-specific RS
	1
	0

	8
	Single-antenna (port0) or Transmit diversity
	CRS
	1A
	0

	
	Single-antenna (port7 or 8) or Dual layer transmission (for Rel-9)
	UE-specific RS (One port for one RN)
	2B
	0

	9
	Transmit diversity
	CRS
	1A
	0

	
	To be defined for Rel-10 DL MIMO supporting SU-MIMO up to rank-8 and SU/MU dynamic switching
	DMRS [TBD]
	New DCI format

[TBD]
	[TBD]

	10
	…
	…
	…
	…


For the reuse of the UE-EUTRA-Capability [5], if we define some of the transmission modes optional for Type 1 Relay Node as "optional for Type 1 Relay Node", it will be necessary to consider new capability information. It seems also suitable to define the omitted transmission modes as "not supported for Type 1 Relay Node", but no additional capability information is needed in this case.
Proposals:
· Basically at least a part of the transmission modes of Rel’8/9 and (a part of) the transmission modes of Rel’10 are necessary for the status of “After configured as Relay Node”.
· From the implementation point of view, restricting transmission modes will be beneficial to reduce implementations and IOT tests.
2-2. Before configured as Relay Node

As described in section 1, the actions of Type 1 Relay Node in the status “Before configured as Relay Node” are almost same as that of UE. It is agreed in RAN1#62 that Rel’10 UE are not prohibited from being configured in an existing transmission mode defined in Rel’8 or Rel’9 [7], but for the status of “Before configured as Relay Node”, it is obvious that Type 1 Relay Node will not spent a very long period in this status, therefore, basically only some restricted transmission modes will be enough. The restriction of the transmission modes will be also beneficial in order to reduce the implementations and IOT tests. We think that only a part of the transmission modes in Rel’8 are enough for this status while transmission modes of Rel’9/10 may be not precluded, but they seem too much for this status. Therefore, we prefer to omit the transmission modes of Rel’9/10 and the transmission mode 5 and 7 in Rel’8. As a result, we prefer to support the transmission modes 1, 2, 3, 4 and 6 in Rel’8 for the status of “Before configured as Relay Node” as shown in Table 2 below.
Table 2. Transmission modes for Type 1 Relay Node before configured as Relay Node
[Gray area: prefer to be “optional / not supported for Type 1 Relay Node”]

	eNB Transmission Modes for 
“Before configured as Relay Node”
	RS for PDSCH demodulation
	DCI format for DL
	DCI format for UL

	1
	Single-antenna (port0)
	CRS
	1A
	0

	
	Single-antenna (port0)
	CRS
	1
	0

	2
	Transmit diversity
	CRS
	1A
	0

	
	Transmit diversity
	CRS
	1
	0

	3
	Transmit diversity
	CRS
	1A
	0

	
	Large delay CDD or Transmit diversity
	CRS
	2A
	0

	4
	Transmit diversity
	CRS
	1A
	0

	
	Closed-loop spatial multiplexing or Transmit diversity
	CRS
	2
	0

	5
	Transmit diversity
	CRS
	1A
	0

	
	Multi-user MIMO
	CRS
	1D
	0

	6
	Transmit diversity
	CRS
	1A
	0

	
	Closed-loop spatial multiplexing using a single transmission layer
	CRS
	1B
	0

	7
	Single-antenna (port0) or Transmit diversity
	CRS
	1A
	0

	
	Single-antenna (port5)
	UE-specific RS
	1
	0

	8
	Single-antenna (port0) or Transmit diversity
	CRS
	1A
	0

	
	Single-antenna (port7 or 8) or Dual layer transmission (for Rel-9)
	UE-specific RS
	2B
	0

	9
	Transmit diversity
	CRS
	1A
	0

	
	To be defined for Rel-10 DL MIMO supporting SU-MIMO up to rank-8 and SU/MU dynamic switching
	DMRS [TBD]
	New DCI format

[TBD]
	[TBD]

	10
	…
	…
	…
	…


For the reuse of the UE-EUTRA-Capability, if we define some of the transmission modes optional for Type 1 Relay Node as "optional for Type 1 Relay Node", it will be necessary to consider new capability information. It seems also suitable to define the omitted transmission modes as "not supported for Type 1 Relay Node", but, no additional capability information is needed in this case.
Proposal:

· We prefer to support the transmission modes 1, 2, 3, 4 and 6 in Rel’8 for the status of “Before configured as Relay Node”.
3. Conclusion

In this contribution, we have discussed the eNB transmission modes for two statuses of Type 1 Relay Node (i.e. “After configured as Relay Node” and “Before configured as Relay Node”). The summary points are as follows:
· Basically at least a part of the transmission modes of Rel’8/9 and (a part of) the transmission modes of Rel’10 are necessary for the status of “After configured as Relay Node”. 
· From the implementation point of view, restricting the transmission modes will be beneficial in order to reduce implementations and IOT tests.
· We prefer to support the transmission modes 1, 2, 3, 4 and 6 in Rel’8 for the status of “Before configured as Relay Node”.
We propose to discuss further the eNB transmission modes for two statuses of Type 1 Relay Node. 
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