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1
Introduction
The following WF for studying Type II or “transparent” relays was agreed in the March RAN1 meeting [1]:
· Type II relay 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 also to/from release 8 UEs 
· At least a release 8 UE should not be aware of the presence of a type II relay
· Transparency also for release >8 UEs is preferred
· This provides the frame-work definition of a "type II" relay in order for 3GPP RAN to be able to study it. Aspects that need to be studied include:

· Performance benefits

· Specification impact

· ..

In this document, we discuss some of the challenges associated with implementing Type II relays. 
2
Discussion
A general assumption behind relay designs is that it should be able to configure the relay in a half-duplex fashion, i.e., the relay should not be forced to transmit and receive in the same band at the same time. This removes the need to introduce isolation between the receive and transmit chains (compared to a repeater, for example) and results in substantial reductions in form factor as well as in deployment costs for a given transmit power. 

The defining feature of a Type II relay is that it shares the same PCI with the donor eNB and is not identifiable as a separate entity at least to Rel 8 UEs. In fact, it is preferred that a Type II relay be transparent even to LTE-A UEs [1]. The above definition of a Type II relay is also related to earlier RAN1 discussions of L2 or transparent L2 relays in which control signalling (e.g., control signalling in support of scheduling and HARQ) is carried out directly between the UE and the eNB. In this case, the relay node basically listens to eNB and/or UE transmissions and tries to decode the transmit data within the first HARQ transmission, and boosts subsequent retransmissions by re-encoding the decoded data. 
The combination of one or more of the above characteristics (namely the half-duplex aspect, the transparent aspect and the aspect relating to control signalling being carried out directly between the donor eNB and the UE) pose the following challenges:

1. Since a Type II relay shares the same PCI as the donor eNB, it has to transmit the same CRS waveform as the donor eNB. However, due to the half-duplex nature of the relay node, the relay node can transmit the CRS only in a subset of subframes (when it is not listening to the donor eNB). As a result of this intermittent CRS transmission, the UE sees the combined channel from the donor eNB and the relay node in subframes in which the relay node transmits, and only the channel from the donor eNB in subframes in which the relay node listens to the eNB. Thus, any time filtering across subframes results in an incorrect channel estimate which can then results in packet errors. 
An alternative pointed out in [2] was that the relay node never transmits any CRS. Rather, both the donor eNB and the relay node use DRS to simultaneously transmit the PDSCH waveform. In this case, the UE always sees the channel from the eNB on the CRS, while the DRS incorporates the relay channel whenever the relay node assists the eNB transmission. The obvious disadvantage, which was noted in [2], is that DRS is an optional feature in LTE Rel 8, and this type of relay will not be able to assist any UEs not supporting DRS. Another disadvantage is that such a relay can never assist PDCCH or PHICH transmissions to the UE, since these rely on CRS.

2. Since the UE is unaware of the existence of the relay node, it cannot provide any measurement reports regarding the strength of the relay node signal as compared to the donor eNB signal. As a result, the network cannot determine which UE is best served by which relay node, if any. It is suggested in [2] that the network decide which UEs are to be served by relays based upon long-term HARQ termination statistics seen by the UE (i.e., those UEs which see late terminations are to be aided by relays). However, this approach still does not provide any information as to which UEs should be helped by which relay. Moreover, any information that can be derived via this process is very coarse and long-term in nature.
A related issue is that the UE is not able to provide any CQI feedback for the relay signal due to the lack of an identifying waveform. As a result, the eNB is not able to carry out any effective link adaptation, except perhaps based on long term HARQ termination statistics. 

3. LTE supports asynchronous adaptive HARQ on the DL. As a result, the modulation scheme used for a given HARQ retransmission as well as the exact set of RBs that are used for the retransmission is typically determined in the same subframe in which the HARQ retransmission is sent. If a relay node is to be able to assist a given data retransmission, the donor eNB needs to convey the scheduling information for that retransmission in advance to the relay node. This adds overhead to the backhaul link between the donor eNB and the relay node. It also constrains the eNB scheduler since the eNB has to determine the scheduling information for these UEs (being assisted by relays) in advance of actual transmission. 
4. On the UL, control channel contents sent by the UE cannot be known by the relay node in advance. Hence, in the case in which control channels (CQI/RS/(N)ACK) are sent in-band on PUSCH, the relay node cannot transmit on the REs reserved for control channel transmission. However, since the relay node does amplify the RS waveform on these RBs, the eNB has no pilots based on which to demodulate the control channel contents sent by the UE. As a result, these control channel contents are effectively lost. Loss of uplink ACK/NACK especially can have a severe impact on DL PDSCH performance.
Another reason for the loss of UL ACK/NACK information is if the relay node is transmitting to the eNB (assisting a PUSCH HARQ retransmission from the UE) and hence cannot listen to the UE UL transmission.

5. The issues described in points 3 and 4 above can be resolved to some extent through scheduling constraints at the eNB scheduler as described in [2]. The following constraints are suggested in [2]:
a. Use of synchronous, non-adaptive HARQ on the DL. This ensures that the relay node does not have to listen to PDCCH to obtain scheduling information for HARQ retransmissions. Note that in this case, the eNB still needs to provide a PDCCH for each transmission to the UE; however the relay node ignores this transmission and assumes the same resource allocation as for the first HARQ transmission.
b. To ensure that the relay node does not have to listen to the eNB to get scheduling information for one user at the same time at which it is assisting a retransmission for another user, the eNB would have to align initial HARQ transmissions for all users being served by the same relay. In other words, the relay node listens to the eNB only in some predetermined subframes for initial HARQ transmissions. This leads to resource wastage if one of the UEs finishes its HARQ transmission  before another UE. 

c. To ensure that UL HARQ retransmissions (during which the relay node transmits to the donor eNB on the UL band) do not collide with UE ACK/NACK transmissions (during which the relay node has to listen to the UE), the eNB has to send DL assignments and UL assignnments in different subframes. 
The above constraints limit the eNB scheduler and have the potential to result in significant resource loss. For example, neither the DL nor the UL can use the entire system bandwidth due to constraint (c). In the cas e of the UL, this can also result in link budget loss. Moreover, as pointed out above, (b) results in DL throughput loss whenever one UE finishes its HARQ transmission before another UE. The impact of these constraints on system performance should be further evaluated. 
6. Since the UE is not aware of the existence of the relay node, the relay node cannot control the received power of the UE’s signal at the relay receiver. This implies that the signal from two UEs could be received at drastically different powers at the relay receiver, potentially desensing the receiver (i.e., the noise floor, for exampl e the quantization noise floor, caused due to one UE’s signal corrupts the recived signal from the other UE). 
In addition to the above aspects, it should be noted that a Type II relay node offers benefits only in very limited scenarios. Firstly, since a Type II relay only helps retransmissions, the donor eNB has to target several retransmissions to get any significant benefit from the presence of the relay. The latency impact of such operation needs to be taken into account while evaluating the benefits of a Type II relay. 

Secondly, it is stated in [3] that Type II relays provide some gain with respect to Type I relays due to over-the-air combining of the eNB signal with the relay node signal in the case of Type II relays. It should be noted that if such combining is found to be valuable, it can be enabled for Type I relays as well using CoMP functionality currently being studied in RAN1. However, over-the-air combining is valuable only if the relay node signal is compareable to the donor eNB signal. (If the signal from the donor eNB is much larger, relaying provides very little gain; if the signal from the relay node is much larger, relay transmission alone is almost as good as the eNB and the relay node transmitting together.) Due to the disparity between eNB transmit power and relay node transmit power, such a region is in practice quite small, leading to limited gains from over-the-air combining. 

3
Conclusion
A framework for studying Type II or “transparent” relays was agreed in the March RAN1 meeting [1]. In this document, we have seen that the specification of Type II relays poses several challenges, especially with regard to the ability to support Rel 8 UEs and with regard to the ability to support half-duplex operation. 

We propose that RAN1 should look at these issues and identify appropriate solutions in order to assess the feasibility of Type II relays. 
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