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1
Introduction
Relaying is being examined as part to the LTE-A SI as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements ‎[1] and has therefore been included in the LTE-Advanced TR ‎[2].
Type I Relay was agreed to be included as one of the technology components for LTE-A. A Type-I Relay creates new cells, distinguishable and separate from the cells of the donor-eNB. To any legacy R8 UE, a Type I Relay will appear as an eNB, i.e. the presence of a Type I Relay in its communication path to the donor eNB is transparent to the UE. A Type I Relay node is essentially an eNB that has a wireless in-band backhaul link back to the donor eNB by using an LTE-A air interface within the IMT spectrum allocation.
It is one fundamental design principle of FDD-based in-band relaying that a Type I Relay Node cannot simultaneously transmit to a UE on the access link while receiving from the donor eNB on the backhaul link in the shared access/backhaul DL frequency channel, or receive from a UE on the access link while transmitting to the donor eNB on the shared access/backhaul UL frequency channel.
During RAN1#56 it has been agreed that MBSFN subframes can be used as a means to allow backward compatible implementation of Relaying [3] and in order allow for donor eNB to RN transmissions on the DL frequency channel respecting the legacy R8 frame structure. However, MBSFN subframe allocation is limited at most 6 subframes per frame and no MBSFN subframe can be configured in subframes #0, # 4, #5 and #9 (LTE FDD).

During RAN1#57 the introduction of R-PDSCH, R-PUSCH and R-PDCCH has been agreed [4]. These backhaul channels have the following characteristics,
•
At the RN, the access link DL subframe boundary is aligned with the backhaul link DL subframe boundary, except for possible adjustment to allow for RN Tx/Rx switching. The time-domain resources (set of subframes) that may be used for the DL backhaul link are semi-statically assigned [FFS if also the time-domain resources for the UL backhaul link are semi-statically assigned] 
•
A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the DL backhaul data (the “R-PDSCH”). The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the UL backhaul data (the “R-PUSCH”). The “R-PDCCH” is transmitted on a subset of the PRBs of the subframes assigned for the DL backhaul link, and is transmitted on a subset of the OFDM symbols of the subframes assigned for the DL backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link. It is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it. The R-PDCCH is used to assign DL resources in the same subframe and/or in one or more later subframes. It is used to assign uplink resources in one or more later subframes

This contribution discusses several consequences arising out of the working assumption that R-PDCCH can assign DL resources in the same subframe and/or in one or more later subframes.
Section 3 deals with R-PDCCH assignments in the same subframe. Section 4 discusses design consequences when the R-PDCCH assignments are valid for one or more later subframes.
2
R-PDCCH assigns resources in the same subframe
2.1 Collision scenarios
The combination of admissible MBSFN subframe configurations to reserve DL subframes for backhaul transmissions and the legacy HARQ mode (“n+4”) mode of operation creates UL collision scenarios between the Un and Uu interfaces between [3]. 

A first collision scenario occurs when an access link PUSCH collides with a backhaul link Ack/Nack transmission generated by an R-PDSCH assignment (left part of Figure 1).
The RN decides to transmit an UL grant on the PDCCH valid for the access link to the UE in subframe #n not (yet) knowing that the donor eNB has simultaneously scheduled a DL data transmission on the R-PDSCH within the same subframe #n for the backhaul link.
This scenario occurs because with the current PDCCH to SCH timing (i.e. without R-PDCCH assigning DL and granting UL in one or more later subframes) the R-PDCCH is necessarily sent later, e.g. starting in the 3rd symbol earliest, than the R8 access link control region in subframe #n. When the donor eNB assigns backhaul resources to the RN through the R-PDCCH for this same subframe, the RN has already transmitted any UL grant to its UE’s through the PDCCH.

The RN is requested transmit UL Ack/Nack corresponding to the R-PDSCH transmission on the backhaul in UL subframe #n+4, while the UE would transmit its assigned PUSCH on the access link in the same subframe (left part of Figure 1).

A similar collision scenario as described above occurs if instead of a DL assignment for R-PDSCH in subframe #n the donor eNB schedules an UL grant in subframe #n for the R-PUSCH in UL subframe #n+4 (right part of Figure 1).

Such a collision in UL sub-frame #n+4 will occur for all possible choices of DL MBSFN subframes.
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Figure 1: Access link PUSCH colliding with Backhaul link ACK/NACK Feedback or Backhaul link R-PUSCH
In addition, a further complication arises out of the corresponding PHICH transmission necessary to convey Ack/Nack in DL subframe #n+8 for any UL access PUSCH and UL backhaul R-PUSCH transmissions in UL subframe #n+4 (Figure 2).
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Figure 2: Access link PUSCH colliding with Backhaul link R-PUSCH
If DL sub-frame #n+8 is an MBSFN sub-frame, it can be used for DL backhaul, so the DL backhaul ACK/NACK feedback corresponding to the R-PUSCH transmission on the backhaul in UL subframe #n+4 is signalled in the OFDM symbols allocated to the eNB-to-RN transmission. The PHICH carrying the ACK/NACK information for the UE’s (not received by the RN due to R-PUSCH transmission) UL PUSCH transmission in the UL subframe #n+4 is transmitted as part of the Control Region in DL subframe #n+8. Thus, if DL subframe #n+8 is an MBSFN sub-frame, there is no DL collision between the ACK/NACK feedback generated by donor eNB and the RN for the access and for the backhaul link respectively. This is the case for MBSFN subframes allocated in subframes #n=3, 8 only.

For the other choices of DL backhaul MBSFN sub-frame allocations, i.e. when the DL MBSFN subframe used to grant the UL R-PUSCH transmission by the RN is located in subframes #1, #2 #6 and #7, the DL subframe #n+8 is not an MBSFN subframe.

Therefore, the ACK/NACK feedback corresponding to UL R-PUSCH UL subframe #n+4 cannot be sent by the donor eNB during DL sub-frame #n+8 [7].

Further complications arise out of the possible use of TTI bundling by the UE on the access link when configured.

For example, any DL assignment announced through PDCCH by the RN on the access link in DL subframes #n-1, #n-2 or #n-3 would result in a PUSCH transmission attempt by the UE in UL subframe #n+4 in Figure 1.

3 Avoiding Collisions
Without exhaustively listing all the possible collision cases, it becomes clear that if “R-PDCCH assigns DL resources or grants UL resources in the same subframe as the RN grants UL resources”, provisions need to be taken to deal with these collision scenarios. 
3.1 R-PDCCH assigns resources in one or more later subframes
Based on decisions at RAN1#57 it is an option to  restrict the R-PDCCH to assign resources only “in one or more later subframes” (in order to allow that a RN knows of the DL assignment or UL grant ahead of time, e.g. before sending the PDCCH in subframe #n, whether a conflict will occur with respect to access link versus backhaul link usage of UL subframe #n+4).

UL HARQ runs with a periodicity of 8 subframes. When a previous transmission is successful a HARQ ACK and PDCCH granting a new transmission is sent at n+4 for the next UL HARQ at n+8. If R-PDCCH is sent one or more later subframes (5 or more before UL PDSCH) to allow the RN to avoid scheduling the UL collision, the R-PDCCH must either be sent one earlier then the HARQ feedback for the last transmission or if sent with HARQ feedback the following UL HARQ transmission opportunity will be lost. Therefore other alternatives should be explored.
The fundamental design constraint for LTE-A Type I Relay’s is that legacy R8 UE’s will expect RN behaviour “as if” the RN was an eNB, e.g. the RN’s presence is transparent to legacy R8 UE’s. In particular R8 UE’s will expect HARQ timing with respect to issued UL grants in DL subframe #n, a corresponding PUSCH transmission in UL subframe #n+4, and a PHICH carrying Ack/NACK for that same HARQ process in DL subframe #n+8 where the later may or may not be accompanied by another UL grant in the PDCCH in #n+8.

In both collision scenarios illustrated in Figure 1 and 2, if R-PDCCH assignment in “one or more later subframes” is not used only other possibilities exist how to deal with the conflicting access and backhaul link grants or Ack/Nack transmissions for the same UL subframe #n+4. 

3.2 Prioritizing Un Transmissions

In another possible approach, any backhaul grant issued by the donor eNB overrides any scheduling decision made by the RN. In particular, this implies that UL R-PUSCH or HARQ feedback transmission on the Un takes precedence when the collision scenarios in Figure 1 occur.

However, it is a consequence of this second approach that the RN still needs to deal with the missed access link UL transmissions in subframe #n+4. The RN may choose to either issue a NACK [need to refer to the RIM contribution] or an ACK on PHICH in DL subframe #n+8.

When the RN sends a NACK on PHICH in DL subframe #n+8 to the UE to force re-transmission of the transport block that was lost by the RN due to the collision in sub-frame #n+4, the UE will interpret this is a single bit non-adaptive re-transmission scheduling grant. The UE will increase the RV setting to next RV in the sequence, e.g. it will not transmit the systematic bits if the lost PUSCH in UL subframe #n+4 contained RV 0.  One problem with this approach is the UL SCH transmission over the Un may also have failed and the donor eNB also responded with HARQ NAK. The probability of this occurring is increased due to interference from the UL SCH transmission over the Uu. When this occurs due to synchronous UL HARQ the same problem occurs on the Uu & Un synchronized HARQ retransmissions.
When the RN sends an ACK on PHICH in DL subframe #n+8, the UE will decode the following UL grant in the PDCCH and decode the NDI to determine if a new TB is to be transmitted, and if not, which RV setting is to be used for the re-transmission. An advantage of this approach is the HARQ ACK may be used to delay the HARQ process retransmission and avoid subsequent Uu/Un UL transmission collisions.
This will result in the following UE operation: the UE will not flush its internal buffer, and will not automatically perform a re-transmission. Instead, the UE will wait for the next UL grant, which is signaled in the PDCCH from RN using DCI format 0. The RN will configure the NDI bit in the UL grant for a re-transmission, and may also configure the MCS as per the current channel condition, thus possibly performing adaptive re-transmission. The RN is in control of the uplink grant schedule and can accomplish the adaptive re-transmission while maintaining the same timing for both the PHICH and the PDCCH channels. The “always ACK” solution proposed in this paper thus has two benefits compared to the “always NACK” approach presented in Ref. [5], namely:

· Flexibility in scheduling the re-transmission of the transport block missed by the RN in sub-frame #n+4

· Allows performing adaptive re-transmission (i.e. with a potentially different MCS as compared to the initial transmission).

It should be noted that upon scheduling the re-transmission, the RN needs to set the RV to 0 (as for a new transmission) in PDCCH format 0, in order to prioritize the systematic bits over the parity bits of the code word. 

The always ACK followed by the adaptive HARQ retransmission approach addresses the issues depicted in Figures 1 & 2. In addition for the instances where a TTI bundling is configured, the relay could possibly receive the data at the next TTI in which case, the relay might not ask for a retransmission. 
3.3 Alternating subframe allocation between the Un and Uu
Another alternative is to force separation of UL transmissions based on the MBSFN subframe configuration on the Un. One example would be:

· On the Un set the MBSFN allocation to subframes 2,3,6, & 7.

· On the Uu allow only subframes 0, 1, 4, 5, 8 and 9. Where subframe 8 and 9 are barred for initial UE UL grant by the relay
This solution separates the access and backhaul sub-frames for collision avoidance. Note that by not sending UL grants to the UE in sub-frames 8 and 9, the backward compatibility with the R8 UEs is maintained. For example, UL grants sent to the UE in sub-frames 0 and 1 will trigger UL PUSCH transmission on the access link in the access sub-frames 4 and 5, respectively (no collision with the backhaul occurs since the backhaul occurs in different sub-frames). Similarly, UL grants sent to the UE in sub-frames 4 and 5 will trigger UL PUSCH transmission on the access link in the access sub-frames 8 and 9, respectively.

The approach of separation between the backhaul and the access link in terms of subframe allocation  the issues depicted in Figures 1 & 2.
4
Discussion
The R-PDCCH with delayed (“”) PDSCH/PUSCH transmission suffers from delayed transmission which results in creating transmission gaps where available resources on the Un are not utilized. <SET( need more complaints…>

The prioritizing Uu and/or<SET(as commented earlier we need to cover this> Un transmissions suffer from unnecessarily failing transmissions and creating unnecessary interference. We a small advantage for always ACK vs. always NAK to avoid repetitive errors. An advantage of this approach vs. the other alternatives it is will result in the best utilization of physical resources.
The alternating subframe allocations suffer form trunking efficiency where due to available data or scheduling constraints resources not used on the Un could not be reused for Uu transmissions and the same for unused Uu resources not being available for Un transmissions. Although this solution will result in the more deterministic behaviour and less RLC recoveries since collisions will be avoided. 
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