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1 Introduction

In the previous RAN1 meeting #57 held in San Francisco, Type 2 relay was discussed and a way forward document [1] was agreed upon.  Specifically, it was agreed that:

· Type 2 relay should not have a separate cell ID and thus would not create any new cell(s)
· The Type 2 relay should be able to relay to/from release 8 UEs

· At least a release 8 UE should not be aware of the presence of a Type 2 relay

· RN transmitting and receiving by TDM in the same UL or DL band of eNB

· For a relay facilitated Rel-8 UE within eNB PDCCH coverage

· It should receive Rel-8 PDCCH/CRS only from eNB

· It should be able to receive PDSCH transmissions facilitated by RN

· Performance is for further evaluation

· Application of Type 2 RN to extend coverage of an eNB cell is FFS

In this document, we discuss the issues of Type 2 Relay.  In Section 2 we study the DL relaying schemes and look at issues on the DL. In Section 3 we investigate issues on the UL. And finally we make conclusions in Section 4.
2 Issues on DL 
Based on the way forward document [1], for a relay facilitated Rel-8 UE within eNB PDCCH coverage, it should receive Rel-8 PDCCH/CRS only from eNB.  Considering this constraint, there could be two possible relaying schemes for the type 2 relay to operate.

Scheme 1: Type 2 relay could operate to help the DL initial transmission;
Scheme 2: Type 2 relay could operate to help the DL retransmission;
2.1 Scheme 1 – to Help the Initial Transmission
In this scheme the system operates in a fashion such that backhaul transmission is followed by RN forwarding, with independent link adaptation on each link. With this scheme, the performance gain mainly comes from the better quality of eNB-RN link and RN-UE links.

As depicted in Figure 1a, in Step 1, the eNB, in advance, sends the initial transmission data to RN, as well as the control information (MCS, scheduling information, etc.) for the later data forwarding for each UE served by the RN.  It is possible that all the initial data and control information aforementioned are transmitted to RN in PDSCH of the backhaul link. The transmission format (MCS, etc,) of PDSCH in this step depends on the backhaul link quality. Because the backhaul link in general will have good link quality, high order MCS can often be used in this transmission.  The timing when the eNB will send the initial transmission data to RN in advance will depend on the backhaul link retransmission probability and the RN operation latency.
In Step 2, RN feedbacks the outcome of the transmission (e.g., ACK/NACK) to eNB. In case of error, RN will not relay the initial transmission to UE. Or the eNB will retransmit the data until RN receives it correctly. 

In Step 3, there are two alternatives for the transmission to the target UE as proposed in [2]:

· Alternative #1: the eNB transmits PDCCH with CRS, as well as the DL data on PDSCH with DRS to UE. In addition, the RN transmits the same DL data on PDSCH together with DRS at the same resource that eNB uses, which was indicated by the control information sent in Step 1. For this transmission, the UE can receive data from both eNB and RN to obtain DL combination gain. The transmission format (MCS, etc,) in this step can be determined according to the RN-UE link quality or the combined link quality of eNB-UE link and RN-UE link.  Please Note that it is still for further study how to estimate RN-UE link quality without the CRS from RN.
· Alternative #2:  the initial PDSCH retransmission to UE can also be carried out only from the relay node, with the eNB not transmitting data within the corresponding resource (set of resource elements). In this case, the PDSCH resource can be reused by other relay nodes within the same donor cell, similar to Type 1 relay. On the other hand, there is no soft-combining gain of eNB and relay transmissions at the UE
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Figure 1a.  Scheme 1 of DL transmission for Type 2 relay

According to the description above, in Scheme 1, the transmissions in Step 1 and Step 3 use different resources. If the eNB-UE downlink is much worse than the eNB-RN link and the RN-UE link, the performance gain from this scheme will be obvious.  However, we also observe the following issues:
· Before the UE receives the initial transmission from both the eNB and RN, the eNB has to transmit DL data to RN in advance, together with the related control information.  This control information will result in additional overhead.

· It also poses constraint on the eNB scheduler since the eNB has to determine the scheduling information for these UEs (served by Type 2 relay) in advance of actual transmission.
· To achieve performance gain, the transmission format in Step 3 should be based on the RN-UE link or the combined RN-UE and eNB-UE link, which means that the RN should report the RN-UE link quality to eNB frequently.
2.2 Scheme 2 – to Help the Retransmission
With this scheme, the performance gain mainly comes from the diversity gain. Figure 1b illustrates how a Type 2 relay could operate in this relaying scheme.
In Step 1, eNB transmits new data packet with DRS, and PDCCH with CRS to the UE. For new packet transmission, the UE can only receive data from the eNB.  At the same time, RN also receives the PDCCH and data packet targeted at its subordinate UE.  Since the eNB-RN link in general has better link quality than the eNB-UE link, we can assume that RN can receive the data packet correctly and can use the received packet to help the retransmission of the data packet.
In Step 2, since UE receives the first transmission of data packet in error, it sends a NACK on UL PUCCH.  Both eNB and RN receive the NACK, and prepare for retransmission of the data packet.

In Step 3, eNB transmits PDCCH with CRS, and retransmits DL data on PDSCH with DRS, as proposed by several contributions such as [2], [3], [4], and [5]. RN also retransmits DL data on PDSCH together with DRS at the same resource that eNB uses.  Please note that in order for the eNB and RN to transmit in a co-ordinated fashion, special agreement between the eNB and RN might be needed regarding the transmission timing, format, and the resource used.  The reason for RN to use DRS rather than CRS is to avoid the collision of CRS from eNB and RN, which could corrupt the channel estimation at other UEs which are not attached to the RN.  Since DRS are UE-specific, the UE can estimate the composite channel from eNB and RN based on DRS from both entities.  
In Step 4, the UE receives the retransmission of data packet from the combined signal from both eNB and RN, detects the packet correctly, and sends an ACK on UL PUCCH.
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Figure 1b.  DL transmission for Type 2 relay
According to the above description of how Type 2 relay operates, we observe the following issues of Type 2 relay on DL:

· DRS is an optional feature for LTE Rel-8 FDD UEs, therefore Type 2 relay will not help those UEs that do not support the DRS feature.
· Since there is no CRS from the RN, the CSI (e.g., CQI/PMI/RI) measurement at the UE has to base on CRS from the eNB.  And since in general the link quality of the eNB-UE link are much worse than that of the RN-UE link, using the CSI of eNB-UE link to decide the MCS for RN-UE link most likely will result in a very conservative transmission, causing much lower spectral efficiency.  It will be for further study if it is feasible to estimate SINR of RN-UE link based on eNB-UE CQI report.
· Since there is no CRS from the RN, UE cannot measure channel quality from RN, therefore it is very difficult for the eNB to decide if an UE should be attached to a RN.  It will be for further study if it is feasible to solve this problem based on SRS detection and RN-UE SINR estimation.
· To receive the DL grant PDCCH correctly, the relay needs to perform blind decoding using all the identity of UEs it serves (C-RNTI). In contrast, a UE only needs to perform blind decoding using its own identity. Thus receiving the DL grant of a UE is difficult for the RN. Further the probability of false detection would also increase, due to the substantially larger number of blind decodings the RN has to perform.
Considering the retransmission probability is usually not high, Scheme 1 most likely will bring more potential performance gain than Scheme 2.
3 Issues on UL

Based on the constraint for Type 2 relay, Figure 2 illustrates how Type 2 relay could operate on the UL. 

As depicted in Figure 2a, in Step 1, UE sends UL packet data in PUSCH together with control information 1.  It is possible that control information 1 is sent together with UL packet data in PUSCH.   Please note that before this step, the RN should listen to the PDCCH of its subordinate UE for the UL grant.
In Step 2, eNB receives UL data packet in error, and sends a NACK to the UE.  Even though it is possible that the RN-UE link has much better link quality than the eNB-UE link and RN receives the UL data correctly, due to the absence of CRS from RN, RN cannot send ACK on PHICH to the UE.  Therefore, there is no diversity gain available for the new packet transmission.
In Step 3, upon receiving NACK from the eNB, the UE retransmit packet data in PUSCH.  Now, UE also needs to transmit new control information (e.g., CQI, PMI, RI, and ACK/NACK, etc.) which is denoted as “Control Info 2”.  At the same time, RN also retransmits the packet data in PUSCH using the same resource as the UE does.  However, since the control information from the RN is still the old one “Control Info 1”, the control information reception at the eNB will be corrupted.  Even if RN doesn’t transmit “Control Info 1”, e.g., by puncturing out “Control Info 1” from the PUSCH, “Control Info 2” will still be received in error at the eNB.  The reason is as follows.  The decoding of “Control Info 2” relies on coherent detection at the eNB, so it requires that the channels experienced by the UL reference signal are the same as those experienced by the “Control Info 2”.  However, the reference signal observed at the eNB experiences a composite channel from UE and from RN while “Control Info 2” experiences a channel from the UE to eNB only, therefore the control information reception at the eNB is corrupted.
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Figure 2a.  UL transmission for Type 2 relay

Because the UL HARQ could be also adaptive retransmission, there is another alternative for step 2 and Step 3. As depicted in Figure 2b, when the eNB detects UL transmission error, it sends a NACK, together with PDCCH/UL Grant to the UE, which indicates an adaptive retransmission. At the same time, the RN also receives the NACK/PDCCH/UL Grant information targeted at its subordinate UE.  Since the eNB-RN link in general has better link quality, considering the diversity from both the UE and RN in retransmission, the eNB could determine the MCS according to the combination of UE-eNB and RN-eNB link.
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Figure 3b.  UL retransmission alternative for Type 2 relay

Based on the above description, we observe the following issues of Type 2 relay on UL:

· Since the Type 2 relay only helps the UL retransmission, the potential performance gain of Type 2 relay is limited.

· Similar to on the DL, it will cause much higher complexity of RN to decode multiple UE’s PDCCH and higher probability of false detection of PDCCH of multiple UEs.  

· It is unclear how the RN will be able to assist with the uplink sounding RS transmission.  It will be for further study how this could diminish the benefit of channel dependent uplink scheduling by the scheduler.
· Since it has been agreed in [1] that RN transmits and receives by TDM in the same UL or DL band of eNB, when UE is retransmitting data (and so is RN), the RN cannot receive UL transmission from the other UEs.   This may limit the usefulness of Type 2 relay.  Type 1 relay, on the contrary, is not required to transmit to the eNB while UE is retransmitting, thus is able to receive transmission from the other UEs and therefore has more scheduling flexibility.
4 Conclusions
In this document, we investigate the issues of Type 2 relay.  Based on the analysis, we observed the following issues for Type 2 relay:
On the DL:

· DRS is an optional feature for LTE Rel-8 UEs, therefore Type 2 relay will not help those UEs that do not support the DRS feature.

· Since there is no CRS from the RN, the CSI (e.g., CQI/PMI/RI) measurement at the UE has to base on CRS from the eNB.  And since in general the link quality of the eNB-UE link are much worse than that of the RN-UE link, using the CSI of eNB-UE link to decide the MCS for RN-UE link most likely will result in a very conservative transmission, causing much lower spectral efficiency.  It will be for further study if it is feasible to estimate SINR of RN-UE link based on eNB-UE CQI report.
· Since there is no CRS from the RN, UE cannot measure channel quality from RN, therefore it is very difficult for the eNB to decide if an UE should be attached to a RN.  It will be for further study if it is feasible to solve this problem based on SRS detection and RN-UE SINR estimation.
· Much higher complexity of RN to decode multiple UE’s PDCCH and higher probability of false detection of PDCCH of multiple UEs.
On the UL:
· Since the Type 2 relay only helps the UL retransmission, the potential performance gain of Type 2 relay is limited.
· Much higher complexity of RN to decode multiple UE’s PDCCH and higher probability of false detection of PDCCH of multiple UEs. 
· It is unclear how the RN will be able to assist with the uplink sounding RS transmission.  It will be for further study how this will diminish the benefit of channel dependent uplink scheduling by the scheduler.
· Since it has been agreed in [1] that RN transmits and receives by TDM in the same UL or DL band of eNB, when UE is retransmitting data (and so is RN), the RN cannot receive UL transmission from the other UEs.   This may limit the usefulness of Type 2 relay.  Type 1 relay, on the contrary, is not required to transmit to the eNB while UE is retransmitting, thus is able to receive transmission from the other UEs and therefore has more scheduling flexibility. 
As the aforementioned technical issues have been identified with Type 2 relays, the solutions for these issues should be considered along with the performance and specification impact of Type 2 relays, when considering the support of Type 2 relays in addition to Type 1 relays.
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