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1
Introduction

For LTE-advanced system, it was agreed in [1] that “Relaying is considered for LTE-Advanced as a tool 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”. In addition to LTE-A UE, it was also desirable to support Rel-8 UE with relay system.
At Prague meeting, a method was proposed to support Rel-8 UE with relay in [2]. For such scheme to work, a blank subframe should be introduced to Rel-8, which does not contain any signal. Such blank subframes are used when eNB transmit to relay node (RN), during which, the RN would listen to eNB and won’t transmit to the UE it served and UE served by RN should be configured to receive such blank subframes. This proposal provides a reasonable solution to introduce relay for Rel-8 UE. However, some concerns were raised on introducing such blank subframes which include the following:
1. The Rel-8 spec is close to complete, to introduce such blank subframes at this late stage could delay the completion of Rel-8

2. As such blank subframes contain no signal, including RS signal, there could be impact to UE performance such as channel measurement and estimation. 

In this contribution, two new alternative solutions are proposed. In the first alternative, a new subframe similar to that of MBSFN subframe on mixed carrier is introduced. In the second alternative, an approach of  having two radios at RN is described, one for transmitting and one for receiving, it is believed that Rel-8 UE behaviour won’t be affected. Among these two alternatives,  we feel that Alternative 1 could be a good compromise solution as compared with the blank subframe solution proposed in [2] as it could bring less impact to Rel-8 while not require complicated implementation at RN. 

2
Solutions to support relay for Rel-8 UE in downlink.
Figure 1 shows a typical relay deployment, where, to extend the coverage or to support some UE in a dead zone, a relay node (RN) could be deployed. In such deployment, there will be a communication link between eNB and RN, some UE will be supported directly by the eNB and some UE will be supported directly by the RN. 
If the link between eNB and RN doesn’t share the same frequency band as normal downlink frequency band, as so-called outband relay, there will be no issue to introduce such relay for Rel-8 UE as those UE served by RN could just view RN as another eNB. However, if such separate band is not available for the link between eNB and RN,  there could be problem to directly implement such relay without noticing the UE served by the RN, as eNB and RN link has to share the same frequency band as normal downlink.
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Figure 1: Typical relay deployment scenario
2.1 The blank subframe approach

In [2], in order to support relay for Rel-8 UE, a blank subframe is proposed to be included in Rel-8, which is shown in Figure 2. Some key attributes of such proposal include:
· Such blank subframes will be used when eNB transmits to relay node (RN). UE served by RN won’t decode these subframes.

· Such blank subframes could be signalled to the UE served by RN through high layer signals.
· New control channel for eNB to RN transmission needs to be designed. 
· Such proposal would make the introduction of relays such as L2 relay to Rel-8 UE more easier in the future.
However, some concerns were raised to accommodate such new blank subframes in Rel-8, which include
· Introducing this to Rel-8 at this late stage could delay the completion of Rel-8 Spec 
· As nothing is transmitted on these blank subframes including RS, the impact to UE in terms of channel measurement and channel estimation is not clear at this stage. 
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Figure 2: Blank subframe approach to support relay for Rel-8 UE
2.2  Alternative #1: Introducing a new subframe similar to MBSFN subframe
As the blank subframe proposal [2] brings some concerns, an alternative solution is proposed here, which we feel could bring less impact to the Rel-8 as well as the UE performance.  As shown in Figure 3, a new subframe could be introduced in Rel-8 spec which is very similar to the MBSFN subframe on mixed carrier.

In such subframes, one or two OFDM symbols could be designated as control region to transmit control signal to UE served directly by the eNB. The rest of the symbols in the subframe forms the data region and are used to transmit PDSCH channels between eNB and RN, and between eNB and UEs directly served by eNB. Some dedicated RBs could be reserved to transmit control information between eNB and RN to avoid the need to design the new control channel for eNB to RN transmission. Both common RS and dedicated RS could be used for eNB to RN transmission. When dedicated RS is used for eNB to RN transmission, common RS could still be transmitted from eNB for those UE directly served by eNBs to track the channel. 
Such new subframes could be signaled by high layer signals using SIB, similar to that used for signaling MBSFN subframes.

At RN side, in such subframes, RN transmits control signal and RS to the UE it serves in the control region 

In the data region, RN listens to eNB and decodes the transmission from eNB to RN. No transmission from RN in this region to the UE it serves. UE served by RN could still conduct channel measurement and channel estimation based on RS in the control region.
Only one radio is needed at RN for downlink. In such new subframes, it first transmits in control region and then receives in data region.  Spec change is needed in Rel-8 to introduce such new type of subframes in which UE is not expected to do decoding and channel measurement/estimation in data region. However, as such subframe is quite similar to MBSFN subframe. The impact of introducing such subframe into Rel-8 should be very small.

In a word, this proposal can be viewed as a compromise solution of the blank subframe solution as proposed in [2]. . 
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Figure 3: Alternative #1 to support relay for Rel-8 UE

2.3  Alternative #2: Using two radios at RN
Another alternative is to use two radios in the RN,  that would allow RN to transmit and receive at the same time. 
As shown in Figure 4, in this alternative,  RN is treated as a UE and be scheduled together with other UE served directly by eNB, therefore, extra L1 control signal is not needed for eNB to RN transmission. Dedicated RS could be also used for eNB to RN transmission. Higher-layer signaling may be needed to inform RN the subframes containing eNB to RN transmission. But that should not impact the behaviors of  Rel-8 UE. 

At RN side, in such subframes that contain transmission from eNB to RN, RN listens to eNB in both control and data regions. At the same time, RN transmits control signal, and RS in both control and data regions to the UE it serves. No UE served by the RN will be scheduled in these subframes. However, UE could still conduct channel measurement and channel estimation based on RS in both control and data regions. RN decodes the transmission from eNB to RN in data region. If dedicated RS is used for transmission from eNB to RN, the interference on channel estimation could be reduced.

For this alternative, two radios are needed at RN for downlink,  one for receiving eNB to RN transmission in both control and data region and one for transmitting control signal, along with RS in both control and data regions. Good separation is needed between these two radios to reduce self-interference. Sectorized or directional antennas could be used for each radio. This could add more implementation and deployment complexity for RN. 
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Figure 4: Alternative #2 to support relay for Rel-8 UE

2.4   Spec change required for relay support in Release 8 for Alternative 1

Among two alternatives described above, we feel that Alt #1 could be a more appropriate solution as it provides less impact to Rel-8 spec and lead to more predictable performance of Rel-8 UE, it also require less complexity in RN which will lead to more cost-effective RN.  

For Alt #1, some changes are needed in Rel-8 spec, which have been identified and summarize as follows: 

· TS 36.211 v8.4.0

·  Section 6.10.1

·  Cell-specific reference signals shall be transmitted in all downlink subframes in a cell supporting non-MBSFN transmission. In case the subframe is used for transmission with MBSFN or RelayNode, only the first two OFDM symbols in a subframe can be used for transmission of cell-specific reference symbols. 

·  TS 36.213 v8.4.0
·  Section 7.2.1 CQI definition

·  In the time domain, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref  where nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe. A downlink subframe shall be considered to be valid if it is configured as a downlink subframe for that UE and is not an MBSFN subframe nor a RelayNode subframe.

·  TS 36.331 v8.3.0

·  Include the configuration for RelayNode subframe

·  Can be located at any subframe

·  Any number of RelayNode subframes / radio frames should be possible

3 Conclusions
In this contribution, two alternative solutions are proposed to introduce relay for Rel-8 UE. Compared with the blank subframe solution proposed in [2], we feel that Alt #1 proposed here provides a compromise solution with less impact to Rel-8 spec and more predictable performance of Rel- 8 UE. Providing the closure of Rel-8 is approaching and it is undesirable to see big change in current spec at this late stage, we feel alternative #1 solution is worth serious consideration.     
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