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1. Introduction
Many new technical concepts such as introduction of RN (Relay-Node), CoMP (Coordinated multipoint transmission), and Carrier Aggregation have been proposed to enhance the performance of LTE-A. In this contribution, we discuss the HARQ functionality for LTE-A over Un interface.
2. Discussions

2.1. RAN1/RAN2 status regarding Un interface
RAN2 status

RAN2 has agreed Un interface between Donor eNB (DeNB) and Type 1 RN:

· Un should be standardized i.e. open interface
· Un user plane will have MAC, RLC and PDCP
· FFS: if they are exactly identical to Uu MAC, RLC and PDCP.
· FFS: Control plane structure for Un is still FFS.
RAN1 status

RAN1 has already kicked-off the discussions on how to design the data transmission opportunity between a DeNB and a RN for both DL and UL (which is referred to as “DL/UL backhaul”) and corresponding “holes” at RN [1] [2]. In the “holes” for DL, the RN cannot transmit PDSCH to the UEs in the subframe where the RN receives any data from the DeNB. In the “holes” for UL, the RN cannot receive PUCCH/PUSCH in the subframe where the RN transmits any data to the DeNB. These mechanism have already been specified in TR36.912 [3]:
	9.3.2
Backward compatible backhaul partitioning 
For inband relaying, the eNodeB-to-relay link (Un) operates in the same frequency spectrum as the relay-to-UE link (Uu). Due to the relay transmitter causing interference to its own receiver, simultaneous eNodeB-to-relay and relay-to-UE transmissions on the same frequency resource may not be feasible unless sufficient isolation of the outgoing and incoming signals is provided. Similarly, at the relay it may not be possible to receive UE transmissions simultaneously with the relay transmitting to the eNodeB. 

One way to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes as exemplified in Figure 9.1. Relay-to-eNodeB transmissions can be facilitated by not allowing any terminal-to-relay transmissions in some subframes.
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Figure 9.1: Example of relay-to-UE communication using normal subframes (left) 
and eNodeB-to-relay communication using MBSFN subframes (right).


In this contribution, our starting point is based on the above status, i.e., RAN2 should discuss the HARQ functionality over Un interface with assumption that the DeNB should transmit DL data to the RN in the MBSFN subframes configured in the RN and that there are also some subframes in which the RN is able to transmit UL data to the DeNB.
2.2. DL/UL HARQ over Un interface
DL case

DL backhaul data transmission over the Un is performed in the MBSFN subframes configured in the RN (See Appendix for details of MBSFN configuration). Fig.1 depicts an example of DL HARQ timing. We assume that the RN cannot perform simultaneous transmission and reception in any subframes to avoid self-interference within the RN.

· In (1), DeNB transmits MAC PDUs to the RN. The depicted subframe is the DL backhaul and gives the DL transmission opportunity.

· If we keep HARQ backward compatibility, i.e. the HARQ feedback timing is in the 4th subframe, the RN has to perform the HARQ ACK/NACK transmission in (2) corresponding to the DL backhaul transmission.

· (3) is the retransmission of (1) if HARQ feedback of (2) is NACK and it may be performed in this DL backhaul location. HARQ feedback can be gotten in 4th subframe just shown as (4).This behavior is also backward compatible to Rel-8 in terms of the use of asynchronous HARQ.
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Fig.1: An example of DL HARQ over Un interface
According to the above example procedure, we can maintain the backward compatible DL HARQ operation to Rel-8 in terms of 4 ms HARQ feedback timing and the use of asynchronous retransmissions.

UL case

As stated in Sec.2.1, it seems that there is not a clear way forward in RAN1 on the UL backhaul, but RAN1 seems to think that there should be some “holes” also in UL (UL backhaul). With this assumption, Fig.2 depicts an example of UL HARQ timing where we assume UL backhaul period is 8 ms to maintain backwards compatibility with LTE in terms of the 4 ms feedback delay and synchronous HARQ.

· In (1), the RN transmits the MAC PDUs to the RN if this timing is the UL backhaul and gives the UL transmission opportunity.
· If we keep the HARQ feedback timing in the 4th subframe, the DeNB has to perform the HARQ ACK/NACK transmission in (2) corresponding to the UL backhaul transmission.
· (3) is the retransmission of (1). If the HARQ feedback of (2) is NACK, it should be performed in the UL backhaul. This behavior is also backward compatible to Rel-8 in terms of synchronous HARQ.

[image: image3.emf]Type 1 RN

DeNB

Radio Frame m

U

L

b

a

c

k

h

a

u

l

U

L

 

H

A

R

Q

f

e

e

d

b

a

c

k

×

P

D

S

C

H

×

P

U

S

C

H

(1)

(2)

×

P

U

S

C

H

UL backhaul

Simultaneous rx/tx

should be avoided 

Simultaneous rx/tx

should be avoided 

Simultaneous rx/tx

should be avoided 

U

L

b

a

c

k

h

a

u

l

(3)

Fig.2: An example of HARQ over Un interfance

According to the above example procedure, we can maintain the backward compatible UL HARQ operation for Rel-8 in terms of the HARQ feedback timing in the 4th subframe and synchronous adaptive retransmission. As a summary, the mixed procedure of UL/DL shown in Figs.1 and 2 is depicted in Fig.3
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Fig.3: Mixed HARQ timing of Figs.1 and 2
2.3. Standardization issues and proposals
We would like to point out a couple of issues that arise from the HARQ timing shown in Fig.3. The main issues are related to the efficient resource usage of the Uu interfaces.
· HARQ feedback for DL backhaul transmission is transmitted over non-UL backhaul. This means that the relay cannot receive PUSCH from the UE belonging to the RN in this subframe, which leads to a performance degradation for the UE.
· HARQ feedback for UL backhaul transmission is transmitted over non-DL backhaul. This means that the relay cannot send PDSCH to the UE connected to the RN in this subframe, which leads to a performance degradation for the UE.
To alleviate these problems, we first think that, considering the fact that the RN cannot transmit PDSCH for the UE connecting the RN over the Uu interface in the DL backhaul, an UL backhaul is better to appear in the 4th subframe after the DL backhaul. Secondly, the timing of HARQ feedback for both DL and UL should be better aligned with the timing of UL and DL backhaul respectively.
With these considerations, the baseline picture of the backhaul settings is depicted in the following figure.
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Fig.4: Baseline HARQ timing chart

In Fig.4, an UL backhaul appears in 4th subframe after a DL backhaul. However, we think one issue is still remaining, which is the HARQ feedback timing for UL backhaul.

· Although it is possible to send the HARQ feedback for the DL backhaul in the above suggested 4th subframe, the HARQ feedback for the UL backhaul is in the 6th subframe after the DL backhaul, which is not backward compatible.
· In addition, we should also consider that the multiple backhauls for both DL and UL are able to be configured so that the HARQ feedback timing can be more flexibly configured compared with that for Rel-8.
With these considerations in mind, we think it is better not to stick to the backward compatible approach when designing HARQ feedback timing over Un interface, but we would propose to leave the final decision for RAN1 to conclude on. As a summary, we propose:
Proposal 1: An UL backhaul should appear in the 4th subframe after every DL backhaul.
Proposal 2: A DL backhaul does not necessarily have to appear in the 4th subframe before every UL backhaul.
3. Conclusions
In this contribution, we discussed the HARQ mechanism for DL/UL backhaul as the Un MAC functionality in LTE-A. With above discussions, we propose:
Proposal 1: An UL backhaul should be appear in the 4th subframe after every DL backhaul.
Proposal 2: A DL backhaul does not necessarily have to appear in the 4th subframe before every UL backhaul.
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Appendix

RAN1 agreement

One possibility to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes.
MBSFN subframe configuration

MBSFN-SubframeConfig ::=


SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),



fourFrames






BIT STRING (SIZE(24))


}

}
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