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1
Introduction
The discussion paper in [1] presented the advantages to define blank subframes in Rel-8 for enabling relay nodes to support Rel-8 UEs. Although the use of blank subframes is not the only way to enable the support of Rel-8 UEs by relay nodes [2], it would allow a very clean and simple introduction of relay nodes into the air-interface of E-UTRA for LTE-A. The introduction of blank subframes would have the additional benefits of 
· Avoiding to incur overhead related to the possible limitation of a relay node to not receive and transmit at the same time
· Enabling having an eNB-to-relay link (backhaul link) based on current Rel-8 air interface

This contribution further discusses various issues related to the specification of blank subframes for the Rel-8 of LTE. 
2 Discussion
2.1 Specification impact

This section provides the summary of CRs needed for the definition of blank subframes in LTE Rel-8. 
RAN1: Core PHY layer specifications:

· 36.211 CR (draft attached):
· Notion of subframes designated as blank subframes (0 OFDM symbols with control information)
· No OFDM symbols with cell-specific RS in blank subframes

· 36.213 CR (draft attached):
· CQI reference interval to include blank subframes (in addition to MBSFN subframes)
· FDD: UE not transmitting on UL subframes corresponding to blank DL subframes

· TDD: UE not transmitting on blank UL subframes

RAN2: Higher layer specifications:

· 36.331 TP (draft TP attached):
· Definition of SIB portion to indicate the blank subframes

· Information in neighbour list about whether neighbour cells use blank subframes

· Paging configuration for subframes 0 and 5

RAN4: Performance requirements specifications:
· 36.133:

· Very limited impact on intra-frequency measurement requirements [3]. RAN4 to decide whether specific test is required.   

· Very limited impact on inter-frequency measurement requirements [4]. RAN4 to decide whether specific test is required. 

· 36.101:

· No immediate impact as there are no demodulation performance requirements for PDCCH/PDSCH in the presence of MBSFN subframes defined. In addition there are no PMCH demodulation requirements defined.   

· Demodulation requirements in presence of blank subframes may be required in future versions of the specification

RAN5: Interoperability

· Signalling:
· Correct UE interpretation of blank subframe configuration on corresponding SIB
· RF:

· Nothing to be addressed identified
2.2
System impact

The impact of the introduction of the blank subframes into the system performance is expected to be limited.
Measurements
· Intra-frequency and inter-frequency measurements can be based on subframe 0 and 5, which are never blank

· Subframe 0 contains PSS/SSS and PBCH

· Subframe 5 contains PSS/SSS and SIB1

· [3] and [4] analyze the impact of blank subframes on the measurements accuracy

· Subframe 0 and 5 have 4 OFDM symbols each for transmission of RS for antenna ports 0 and 1

· Indication in neighbour list about the use of blank subframes enables UEs to use all subframes for measurements on those cells listed as not using blank subframes
Regular Rel-8 network operation
· No impact is expected since Rel-8 networks are not expected to configure blank subframes

LTE-A network operation
· Streamlined operation of relay nodes

· Relay node appears as a regular eNB using blank subframes to the UE 

· Enables relay node to appear as a regular UE to the eNB

· Possibility to use the LTE Rel-8 air-interface (same set of PHY channels) for the relay to eNB link
2.3
Implementation impact

UE implementation

· Channel estimation

· Blank subframes create channel estimation “boundaries” similar to those found for TDD or FDD HD operation. Depending on the implementation, these boundaries can also be found in support of DRX procedures. Therefore, the impact on channel estimation should not exist in implementations supporting TDD or FDD HD operation. 
· Measurements
· Subframes 0 and 5 are guaranteed to be non blank  

· Additional subframes may be used – implementation dependent

eNB implementation
· No impact is expected since Rel-8 networks are not required to configure blank subframes

· Additional field in SIB

· Feature implantable similar to the MBSFN subframes but with 0 OFDM symbols for control

· No PHY channels transmitted on blank subframes

· PCFICH irrelevant

· PHICH not required since the corresponding UL subframe is not used for UE transmissions 

· PDCCH irrelevant

· DL assignments not existing for that subframe

· UL assignments for subframe k + 4 not existing

· Since DL/UL subframe pairs are blank

2.4 Up/Down sides
From the LTE-A discussions so far, the support of relays in LTE-A has been positioned as one of the key techniques to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. 
The support of Rel-8 UEs by relay nodes has been identified as desirable for Rel-8 UEs to benefit of these new nodes, while avoiding the creation of coverage holes. This coverage holes could be created if relay nodes were not detectable by legacy LTE UEs. 

One important goal in relation to the relaying operation is to facilitate it in a simple and straight forward way to enable low cost production while still yielding high performance improvements. It is therefore important to identify ahead of time and without deciding on the specific relaying operation what is needed to achieve such goal. 

In our opinion, the possibility to have a very clean and simple relaying operation with the capability to be fully based on the Rel-8 air-interface outweighs the work related to the specification of blank subframes, and its implementation and testing.
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