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1. Introduction
Type II relay has been specified and supported in [1] as part of LTE-A relay technologies in RAN1-56bis. Type II relay is defined such that the Relay Node (RN) should not have a separate cell ID and thus would not create any new cell(s). The type II relay should be able to relay to/from release 8 UEs, while the release 8 UE is not aware of the existence of type II RN. The LTE cell-specific reference signals (CRS) can be seen as an indicator of the LTE physical-layer cell identity [2]. No presence of a separate cell ID indicates that type II relay does not have its own CRS. In detail, type II relay does not transmit CRS or transmits the same CRS as eNB does. For throughput enhancement, the type II relay is applied with no transmission of cell-specific reference signal (CRS) from the RN. For coverage extension, the type II relay and eNB will both transmit the CRS to the UE. Since sharing the same physical Cell ID, the CRS from RN and eNB will map to the same resource elements (REs) with the same generation sequence.
This paper discusses some considerations of type II relay for throughput enhancement without using Fake MBSFN. The separation of control and data is presented such that relay UE (the UE which gets services from RN) receives control signals, e.g. CRS, PDCCH, BCH… from eNB, while gets data from either RN or both RN and its donor eNB. URS can be used for the channel estimation for DL data from RN. Substitute channel pre-coding method is proposed to be another alternative method to solve the problem of the channel estimation distortion. Backward compatibility is supported in the design considerations.
2. Type II Relay with the Separation of Control and Data 

For throughput enhancement, UE can get control signals and CRS from eNB directly. So it is not necessary for RN to forward control signals from eNB to UE to avoid unnecessary latency. Cell-specific reference signals (CRS) are transmitted by eNB in all downlink subframes in a cell. Relay UE within eNB cell should be synchronized to eNB, and get SCH, BCH, PDCCH and other control signals from eNB directly, while it gets data from RN. Data should be ready at RN in advance before it is forwarded to the relay UE.

[3] and [4] have presented a cooperative type II relay method. It can be also taken as RN-assisted HARQ. In the first hop that data is transmitted from eNB to RN, UE is also expected to receive data at the same time. Although UE has less opportunity to get the correct data compared to RN, the available information can be combined with that received in the retransmission for potential gain. The method is intelligent to fully exploit the broadcast feature of the radio signal to let the initial HARQ transmission be received by both RN and UE. 
In some special cases, advanced antenna techniques, e.g. beamforming, directional antenna, MIMO, etc. may be used for eNB--RN link to maximize the link throughput. Thus, relay UE is not expected to receive useful information from the first hop transmission. An alternative method is designed to let the first hop transmission dedicated for RN reception to squeeze the maximum eNB-RN throughput, and then RN forward the data to UE. A relay frame structure framework in DL is given for the illustration of the method. For simplicity, it is described with the subframe for the transmission eNB(RN and the subframe for the transmission RN(UE separately.
Subframe for the transmission eNB(RN

eNB should make sure the data addressed to UE to be ready at RN before the desired RN transmission subframe for UE. As illustrated in Fig. 1, eNB transmits data in PDSCH with CRS to RN. As RN is in the status of reception, eNB should not schedule any transmission for RN(UE. eNB may inform RN scheduling information through PDCCH. Although relay UE may not be scheduled to receive data from RN, it can still receive control signals from eNB directly. For example, in this subframe relay UE may get BCH from eNB. HARQ ACK/NACK can be directly given by eNB to UE through PHICH. eNB CRS is used for channel estimation / measurement. 
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Fig. 1 Illustration of the subframe for the transmission eNB(RN
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Fig. 2 Illustration of the subframe for the transmission RN(UE

Subframe for the transmission RN(UE

As illustrated in Fig.2, PDSCH is transmitted from RN to UE. Relay UE, although it gets data traffic from RN, still receives SCH, BCH, PDCCH and other control signals from eNB directly. Channel estimation for control signals is based on CRS, which the UE gets from eNB directly. RN is not allowed to transmit CRS or PDCCH, SCH, BCH, etc. Thus RN has no cell ID. From the view of UE, it can only see eNB, and RN is transparent to UE. It is not necessary for UE to experience handover procedure from eNB to RN or reverse, as UE within a cell is always synchronized to eNB. 

eNB centrally schedules and controls all RNs and UEs within its cell. RN has no scheduling and control functions, just following eNB decisions. eNB schedules resource allocation for relay UE (when and where to receive data from RN), and informs UE through PDCCH directly. eNB also tells RN when and where to transmit data to UE. eNB should make sure the data addressed to UE to be ready at RN in advance before the desired time when RN transmits to UE. The modulation and coding are also determined by eNB. 
DL/UL HARQ procedures 
For the FDD mode, the DL HARQ procedure is the same as the legacy one. That is an RN transmits HARQ block to a UE, and waits for the ACK/NACK from the UE in the desired time slots with the same timing interval. As for the UL HARQ, the UE transmits the HARQ block to RN, and expects to get ACK/NACK from eNB directly, as all DL control signals, including ACK/NACK are transmitted from eNB to UE directly. All the latency, including decoding and transmission are within 4ms. It is feasible for UE to get ACK/NACK at the desired timeslot. Fig. 3 provides the DL/UL HARQ procedure for FDD mode. 
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Fig. 3 Possible DL/UL HARQ Procedure for FDD mode
Then we comes to the TDD mode, here we analyze all the TDD frame structure configurations with HARQ timeline one by one. Note that in the following figures the solid lines represent the data transmission, and the dashed lines are for signaling transmission. For simple explanation, here we show examples of HARQ procedures.
Fig. 4 and Fig. 5 provide the detailed HARQ timeline for TDD frame structure configuration 0 and 1, respectively. It can be found than the timelines for these two configurations works well under the legacy HARQ procedure.
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Fig. 4 The example for TDD Frame structure configuration 0 with HARQ timeline
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Fig. 5 The example for TDD Frame structure configuration 1 with HARQ timeline
Fig. 6 provides the detailed HARQ timeline for TDD frame structure configuration 2. Here only the UL HARQ in configuration 2 has some adjustment compared to the legacy HAQR procedure. Due to not enough subframes for the UL HARQ ACK/NACK processing at eNB, we propose an explicit ACK mechanism to maintain the backward compatibility. In the subsequent subframe 8 in frame N+1, regardless of the forwarded HARQ ACK/NACK message in the previous subframe 7, eNB transmits an HARQ ACK message directly to the UE. The UE will remove the transmitted transport block until receiving a UL grant in the PDCCH with a toggled new data indicator. Then after decoding the ACK/NACK message received in the subframe 7, if ACK is received, eNB can decide to generate a UL grant with a new data indicator not being toggled and the corresponding HARQ process id. If NACK is received, eNB will generate a UL grant with a toggled new data indicator for the same HARQ process. 
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Fig. 6 The example for TDD Frame structure configuration 2 HARQ timeline
Figure 7 shows an example for configuration 3 with HARQ timeline. Due to sufficient DL and UL subframe for HARQ stringent timeline, the HARQ retransmission on DL or UL is similar to these procedures as described previously.
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Fig. 7 The example for TDD Frame structure configuration 3 HARQ timeline
Fig. 8 provides the detailed HARQ timeline for TDD frame structure configuration 4. For this configuration, the UL data transmission in the subframe 2 of the frame N+1 from the UE to the RN cannot feedback due to no UL opportunity transferring the HARQ ACK/NACK to the eNB in the subsequent subframe up to the frame N+2. Hence, we propose to always transfer an ACK message to UE directly. The UE will not remove the TB from its HARQ buffer until a new data indication is received as well as its HARQ process id. In the subframe 8 of the frame N+2, a UL grant together with the PDCCH is delivered to the UE according to the lagged HARQ ACK/NACK message from the RN to the eNB in the subframe 2 of the frame N+2. 
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Fig. 8 The example for TDD Frame structure configuration 4 with HARQ timeline
TDD frame structure configuration 5 supporting HARQ timeline is illustrated in the Fig. 9. Here the lagged HARQ ACK/NACK problem is similar to that for configuration 4. The only difference is that the number of synchronous UL HARQ process for configuration 5 is 1. So in the subframe 8 of the frame N+2, the PDCCH with UL grant to UE do not need to carry the HARQ process id.
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Fig. 9 The example for TDD Frame structure configuration 5 with HARQ timeline
The HARQ procedure for configuration 6 is shown in Fig. 10 and is similar to these for configuration 0, 1, 3. Here we omit the detailed description for simplicity.

[image: image10.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

DL HARQ (re-)transmission UL HARQ (re-)transmission

HARQ ACK/NACK for 

DL (re-)transmission

HARQ ACK/NACK for 

UL (re-)transmission

DL retransmission scheduling information to notify RN in advance

eNB

RN

UE

9

9

9


Fig. 10 The example for TDD Frame structure configuration 6 with HARQ timeline
Cooperative relay

Cooperative relay should be supported to get the performance gain. As illustrated in Fig.2, during the transmission from RN to UE, eNB is allowed to transmit the same content simultaneously. Thus relay UE gets the RF combining of the signals from both eNB and RN. 
3. DL Channel Estimation for Data Reception
Current Release 8 operation assumes every DL subframe contains Reference Symbols (RS) irrespective of whether it is a unicast subframe (RS present in both slots) or an MBSFN subframe (RS present in first two OFDM symbols). With the separation of control and data, relay UE can only get CRS from eNB for channel measurement and estimation. For data from RN, some methods are proposed for channel estimation. 

User-specific RS for channel estimation

When RN transmits data to UE, UE-specific reference signals (URS) are used, i.e. URSs are transmitted in the resource blocks from RN to UE. The PDSCH from RN to UE shall be transmitted on antenna port 5. Relay UE conducts channel estimation for PDSCH with URS, and it does not cause distortion of RS estimation. From the viewpoint of relay UE, RN acts as an antenna port of eNB. Simultaneously, eNB keeps CRS transmission for continuous channel estimation / measurement for relay UEs and its own UEs. UE receives data in PDSCH from RN with URS for channel estimation, as well as receives control signals from eNB with CRS. 

Substitute Channel Precoding in RN
Another alternative method using channel pre-coding is designed to provide the correct DL channel estimation for data from RN to UE, while still get CRS from eNB. It can solve the problem of the channel estimation distortion caused by Release 8 UE that misuses the channel estimation from eNB to demodulate the DL data from RN. A Substitute Channel Pre-coding block is added after the conventional pre-coding block and before signal transmission in the relay node. With this newly added pre-coding block, UE can use the channel estimation based on the CRS from eNB to correctly demodulate the data from RN. 

As illustrated in Fig. 11, relay is used for the cell edge throughput enhancement, and UE is located within the overlap coverage of eNB and RN. RN transmits data to UE. Thus UE receives CRS from eNB for channel estimation, while receives data from RN, respectively. 
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Fig. 11 Substitute channel pre-coding
Here 
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 as the data transmitted by RN. Usually, the CRS will have a power boosting against data, which means the ratio of CRS EPRE to PDSCH EPRE is bigger than “1”. After these, the received CRS 
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where 
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 mean the equivalent channels for eNB(UE link and RN(UE link in Fig. 8.
Based on (1), the channel estimation results according to CRS is (Take Least Square rule for example)
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By using the channel pre-coding 
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However, since the link quality from eNB to UE is usually worse than that from RN to UE, the pre-coding 
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 will probably replace the better channel link (RN(UE link) with the worse one (eNB(UE link) before running data demodulation. 

In order to overcome this problem, we define a supplementary power ratio indicator 
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[image: image40.wmf]a

¢

 equals

[image: image41.wmf]/

eNBRN

HH

a

¢

=

                                                                      (4)
Under this method, the received data for UE can be shown in (5) without power reduction
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Since of the new power boosting indicator 
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, the UE will suppose the adjusted power ratio between data and CRS to be 
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. Under this assumption, the UE will then apply this new power ratio for data demodulation. That means the CRS based channel estimation results 
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With the known channel 
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From (5) and (6), we can find that although the channel gain for data has been changed into the eNB(UE link by substitute channel pre-coding, the path-loss effect in the equations is still 
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. That means the transmission power for data from RN will not be changed to suitable the eNB(UE link, which will explore the RN(UE link gain. 
Based on this power boosting indicator, the data transmitted by RN will not need to reduce the power to suit the eNB(UE link and the substitute channel precoding can work without replacing the better channel link (RN(UE link) with the worse one (eNB(UE link). Here we need to emphasis that, the value of 
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 is not fixed to 
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As for cooperative relay, eNB is allowed to transmit the same data simultaneously as RN does. The same channel pre-coding value is applied to the symbols transmitted from RN. Meanwhile, eNB transmits the original data without extra substitute channel pre-coding.
4. Conclusion
Some considerations of Type II relay design are discussed. The separation of control and data is suggested such that relay UE receives control signals, e.g. PDCCH, BCH… from eNB, while gets data from RN. Relay UE may use URS for channel estimation of DL data from RN. Another alternative method, named substitute channel pre-coding, is presented to solve the problem of the channel estimation distortion. Backward compatibility is guaranteed in the design considerations.
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