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1. Introduction 

Among various types of low power nodes in Heterogeneous Networks, relay is an important category whose uniqueness lies in the wireless backhaul between the donor eNB and the relay node. Wireless backhaul allows more flexible deployment of the low power nodes with less restriction from zone regulation, building code, cable costs, etc. The deployment flexibility also makes the mobile relay possible. 
In LTE-Advanced, two types of relay nodes are defined [1]. 

A “type 1” relay node is an inband relaying node characterized by the following:

· It controls cells, each of which appears to a UE as a separate cell distinct from the donor cell

· The cells shall have its own Physical Cell ID (define in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node
· It shall appears as a Rel-8 eNodeB to Rel-8 UEs (i.e., be backward compatible)

· To LTE-Advanced UEs, it should be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.

A “type 2” relay node is an inband relaying node characterized by the following:

· It does not have a separate Physical Cell ID and thus would not create any new cells

· It is transparent to Rel-8 UEs; a Rel-8 UE is not aware of the presence of a type 2 relay node

· It can transmit PDSCH

· At least, it does not transmit CRS and PDCCH

In RAN Plenary #46 meeting, type 1 relay work item was created [2]. 
The overall objective of the work item is to specify Relays at least for the coverage-improvement scenario, with the following configurations:

· The eNB-to-relay link operates in the same carrier frequency as the relay-to-UE link

· The eNB-to-relay link operates in a different carrier frequency from the relay-to-UE link

For each of the above configurations, the WI shall address the case where the eNB-to-relay link is operating in the same carrier frequency as eNB-to-UE link.
In this contribution, we discuss the type 2 relay from the aspects of deployment environment and specification impact. A large chunk of the discussion is related to Heterogeneous Networks where the inter-node interference is a major issue. Type 1 relay is used for comparison throughout the paper.
2.  Deployment Environment
2.1 Coverage Extension 
The need of using type 1 relay for coverage extension was emphasized in [2]. Coverage extension scenario may include:

1. Power limited case when cell size or pathloss is relatively large compared to the transmit power of either eNB or UE.
2. Blind spots or dead zones due to the excessive shadow fading or building penetration.

In homogeneous deployment, power limitation can results in very low cell edge throughput, although cell edge UEs may still receive L1/L2 control signaling from the donor eNB. Take the LTE-A simulation methodology [1] for example. Case 3 can be considered as the power limited case where the site-to-site distance is 1.73 km with eNB maximum transmit powers of 46 dBm in 10 MHz. Due to the relatively benign pathloss between eNB and UE which is based on ITU suburban or rural models, cell edge UEs would not have difficulty in detecting PDCCH from the donor eNB. While such simulation setting may not exactly represent the actual deployment situation, it does reflect the typical environment of general interest. 
A key feature of type 2 relay is that its served UEs get L1/L2 control signaling from the donor eNB. With the rather reliable PDCCH detection from macro cell, type 2 relay can also be used in power limited cases. Therefore, our understanding is that:
Type 2 relay can be used in scenarios where reliable reception of L1/L2 control in direct link (eNB-UE) is possible.

Due to the excessive shadow fading, building penetration or various other factors, UEs at blind spots or dead zones may not receive PDCCH from their donor eNB. Therefore, type 2 relay cannot be used in this case. Note that for dead zones, separate antennas can be considered for backhaul link and access link, e.g., different locations and heights of these antennas. Such setting makes it possible to isolate the RF part for backhaul link from the RF part for access link, on the same relay node. So essentially, RN can operate in full-duplex mode, e.g., little standards work needed in RAN1. The virtually isolated blind spots or dead zones imply that the UEs within those RNs’ coverage are immune to the interference either from the donor eNB, or from neighboring eNBs, or low power nodes. 
In some sense, the behavior of inband type 1 relay in #2 configuration of relay WID [2] is similar to that of the blind spots or dead zones. Due to the different frequency allocations for the backhaul link and the access link, full duplex is possible and little interference is expected from the donor eNB. Very few standards work in RAN1 is expected in this case. On the other hand, operating the access link and direct link in different frequency bands generally makes it more difficult for a moving UE to handover between RN and eNB(s). 
2.2 Interference Limited Scenarios
Interference issue with type 1 relay was discussed in [3]. Recent studies on Heterogeneous Networks [4-7] show that the interference between high power nodes (e.g., eNB), and low power nodes (e.g., relay, picocell, HeNB), poses significant performance issues, not only for traffic channels, but also for control channels. 

The interference issue for control channels is more challenging, not only due to “error propagation effect” on traffic channel, but also because of the limited choice for solutions. The simplest way would be to increase the aggregation level for PDCCH. But that comes at the cost of quite limited PDCCH resources. 
Cross-carrier deployment can be used to cope with the interference problem, both for the control channels and the traffic channels. Note that many schemes in that category are not backward compatible to Rel-8 UEs. Also the effective spectral efficiency has to be carefully evaluated in order to strike a good balance between the cell edge user throughput and the overall system performance. 
Other schemes such as over-the-air signaling were proposed [4,6] to facilitate inter-node communication and coordinate to reduce the interference. All those schemes require new functionalities in UEs which are not Rel-8 compatible.
In picocell deployment, X2 interface is assumed where the fat data pipe allows dynamic joint scheduling among involved nodes to efficiently mitigate the ever changing interference. In femtocell, certain level of coordination through the Internet is assumed between HeNB and donor eNB. However, relay backhaul is wireless and usually does not have the speed and capacity for dynamic joint scheduling. The MBSFN subframe constraint makes information sharing among neighboring nodes even more difficult. Because of these, few contributions have touched the interference coordination issue for type 1 relay except for blank subframe solution [6] which requires significant work in RAN1. 
In type 2 relay, the intra-cell interference between donor eNB and its relay nodes can be taken care of by centralized scheduling at eNB. We can also think of it as a special case of the inter-node coordination where control information flow goes uni-directionally from donor eNB to lower power nodes, which seems efficient since quite often UEs see more interference from donor eNB than from RN. 
For type 2 relay, the coordination can have various forms [8]. Take downlink for example, 

1. Overhearing mode, assist only HARQ retransmissions

2. Cooperative mode, assist both initial HARQ transmission and retransmissions

3. Frequency reuse in the 2nd hop

Overhearing mode is the simplest where the RN monitors eNB to a UE transmission in the 1st hop and tries to decode the data. Given the much better channel quality of eNB-RN link, it is very likely that the RN rather than the UE would decode successfully. In the case of that UE fails to decode the data, the RN monitors the NACK to eNB, and then transmits the data using the same format and the same resource as from eNB during the retransmission which is the 2nd hop. 

In cooperative mode, the 1st hop transmission is targeted for the RN and the MCS is chosen to match the backhaul link channel quality. Transport blocks for different UEs can be bundled before being transmitted over the backhaul link as in type 1 relay. During the 2nd hop, both eNB and the RN transmit the data using the same format and the same resource. Cooperative transmission among multiple RNs is also possible in the 2nd hop.
In frequency reuse mode, the 1st hop transmission is similar to what happens in cooperative mode. In the 2nd hop, eNB is idle in the resource occupied by the RN for the data transmission to its own UEs. Given the small chance of coverage overlapping between RNs in the same marco-cell area, frequency reuse is possible between multiple RNs in the 2nd hop.

Performance evaluations have been carried out extensively, both for type 1 relay and type 2 relay [9-15]. In interference limited environment and when RN locations are uniformly distributed in a network, type 2 replay shows superior performance to type 1 relay that does not implement blank subframe. 
Although the lack of CSI transmission from type 2 RN results in less perfect CQI report, the performance degradation compared to the perfect CQI is not very significant with the help of outer-loop MCS adjustment [16]. In LTE and LTE-A, it is a common practice to use outer-loop adjustment to assist link adaptation when CQI report does not accurately reflect the instantaneous SINR experienced in the traffic channel. Such situation is observed in many MIMO techniques, e.g., Rel-8 beamforming and Rel-9 dual-layer beamforming. Similar situation is also seen in HetNet scenarios including for type 1 relay where inter-node interference is strong, bursty and widely fluctuating.

In summary, analysis and simulation results seem to indicate that interference coordination can be carried out efficiently in type 2 relay. That is
Type 2 relay can provide efficient ways for interference coordination between donor eNB and relay nodes.

2.3 Mobile Relay

Type 1 relay has its own Physical Cell ID. In this sense, it is quite similar to a picocell or HeNB whose physical locations by default do not change. Therefore, mobile nodes are generally not supported due to the complicated interference situations and handover procedures. 
Type 2 relay does not have its own Cell ID and it communicates with the donor eNB almost the same way as UE does. In this sense, mobile relay is more feasible in type 2 relay.

3.  Standards Impact
3.1 Backhaul Subframe Allocation and HARQ Operation
For type 1 relay access link, Subframes #0, #4, #5 and #9 for FDD and #0, #1, #5 and #6 shall be visible to Rel-8 UEs all the times, which means that at most 6 subframes in a radio frame can be allocated for backhaul link, also called fake-MBSFN subframes in the access link. To reduce the signaling overhead and to provide a priori information for the resource scheduling at RN, semi-static subframe allocation is assumed for the backhaul of type 1 relay. 
The fake-MBSFN subframes have the periodicity of 10 ms which is not aligned with 8ms RTT of HARQ in LTE uplink. So, although up to 6 subframes can be configured as MBSFN subframes, quite often less than 6 subframes can actually be assigned for type 1 relay backhaul link in order to maintain the proper operation of HARQ on both backhaul link and access link. A few basic patterns of subframe allocations were proposed for symmetric DL/UL assignment in FDD [17]. The combinations are more complicated in asymmetric DL/UL allocations. No matter whether the allocation patterns need to be standardized in RAN1, the corresponding signaling has to be specified, either in RAN1 or RAN2.
In Type 2 relay, any subframe can be used for the backhaul. Also the centralized scheduling virtually eliminates any potential HARQ operation conflicts in type 1 relay. So in this sense, type 2 relay backhaul can reuse Rel-8 HARQ timing and its backhaul subframe allocation is purely an implementation issue.   
3.2 L1/L2 Control Signaling in Backhaul

Once powered up and starting to serve its own UEs, type 1 RN can receive data from donor eNB only in fake MBSFN subframes. This brings the issue that the RN may not be able to receive eNB L1/L2 control signaling located at the beginning of a subframe when the RN shall send its own L1/L2 control signaling in access link. The issue could be resolved by:

1. Introducing a new L1/L2 control signaling, e.g., R-PDCCH,  in Rel-8 PDSCH domain

2. Timing advance at RN to receive Rel-8 L1/L2 control signaling

Most of effort has been focused on Solution 1. Although some Rel-8 PDCCH design principles can be applied to R-PDCCH, new designs may be needed given that backhaul link channel quality is significantly better than that of direct link (eNB-UE) and generally there is less number of RNs than the number of UEs in a cell. R-PDCCH designs involves multiplexing, e.g., TDM+FDM vs. FDM only, interleaving, the support of R-PHICH, reference signal design, etc. where up to now there has been no consensus [18].  
Solution 2 allows the full reuse of Rel-8 PDCCH for type 1 relay backhaul control signaling, therefore vastly reduces the standard work in RAN1. However, backhaul efficiency can be significantly degraded since the last few OFDM symbols have to be punctured to make room for Rel-8 PDCCH reception. Also Solution 2 could pose serious interference issue in TDD systems since the excessive time advance at RN may eat up the guard period which is used to compensate the propagation delay and switching time. 
In principle, type 2 relay backhaul could reuse Rel-8 L1/L2 control signaling for the RN to receive the data in from the donor eNB. The control signaling for the 2nd hop (access link) may be transmitted in the similar fashion as for Rel-8 PDCCH. The key thing is that Rel-8 subframe structure can be reused in type 2 relay backhaul and there is no need to design a totally new control channel as R-PDCCH.
3.3 Backhaul and Access Link Timing

For type 1 relay, unless the switching time (Tx/Rx or Rx/Tx) is significantly shorter than the cyclic prefix (and propagation delay from eNB to RN is shorter than the switching time if globally synchronization is required), at least one OFDM symbol has to be punctured to fit the timing relationship between backhaul and access link. Subframe timing may require certain standards work, depending on the final schemes. Right now there are a number of candidate choices still in discussion [19-20].
Type 1 relay node synchronization is a sub-topic of relay timing. Accurate synchronization is often achieved through P-SCH and S-SCH that are present only in Subframes #0 and #5. Since those subframes cannot be used for backhaul link, type 1 RN in general cannot rely on SCH for synchronization. Such situation brings some specification-based solutions [20].
Type 2 relay node does not transmit CRS and PDCCH. So at least the first OFDM symbol in the access downlink is idle, which makes room for Tx/Rx or Rx/Tx switching. Type 2 RN does not have its Cell ID and may not need to tightly align with donor eNB timing in the case of TDD. Even if tight time alignment is required, no OFDM symbol in PDSCH domain needs to be punctured. In any case, Rel-8, Rel-9 or Rel-10 DMRS can be reused in type 2 relay backhaul.
Since any subframe, including SF #0 and #5, can be used for the backhaul, type 2 RN is able to perform accurate synchronization via SCH without any standards impact.
So in terms of standards related work, it seems that
Less constraint from LTE standards is expected for Type 2 relay compared to Type 1 relay.

4.  Conclusions

We in this contribution discussed type 2 relay from the aspects of deployment scenarios and standards impact. More general issues related to Heterogeneous Networks were reviewed in relation with type 2 relay. As a reference, type 1 relay was also discussed and compared along the above aspects. Regarding type 2 relay we think that continuing study and standard work are needed since: 
1. Type 2 relay can be used in scenarios where reliable reception of L1/L2 control in direct link (eNB-UE) is possible.

2. Type 2 relay can provide efficient ways for interference coordination between donor eNB and relay nodes.
3. Less constraint from LTE standards is expected for Type 2 relay compared to Type 1 relay.  
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