3GPP TSG-RAN WG2 Meeting #66 
R2-093279
San Francisco, USA, May 4-8, 2009

Agenda Item:
7
Source: 
Fujitsu

Title: 
Discussions on HARQ for LTE-A over Un interface
Document for:
Discussion and Decision
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 in 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
First of all, we briefly review current RAN2 and RAN1 discussion/agreement status.
RAN2 status
In last meeting, RAN2 agreed Un interface between Donor eNB (DeNB) and 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 discussions on how to design the data transmission opportunity between DeNB and RN for both DL and UL (which is referred to as “DL/UL backhaul”) and corresponding “holes” at RN [1] [2]. The “holes” can be considered as the subframes in which the relay cannot transmit/receive any data when it receives/transmits data from the DeNB/UEs.
For DL, one alternative proposed for designing “backhaul” and corresponding “holes” was Blank-subframe approach and another was MBSFN-subframe approach. The discussion was that Blank-subframe approach might have severe impact on Rel-8 implementation. As a result, MBSFN-subframe approach would be preferable approach to be used for the backhaul data transmission which has already indicated from RAN1 LS [3] and also agreed in RAN1 in last meeting (See Appendix). For UL, it seems that there are not clear way forward in RAN1, but RAN1 that there should be some “holes” also in UL.

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 MBSFN subframe provides the data transmission opportunity for DL and there are also some subframe for UL.
2.2. DL/UL HARQ over Un interface
DL case

According to the MBSFN subframe in LTE, the minimum transmission period is 10ms (See Appendix). We think this period should be the data transmission opportunity because otherwise the transmission delay for DL increases. With this assumption, Fig.1 depicts an example of DL HARQ timing chart. In this figure, we assume that, as discussed in RAN1, RN cannot perform simultaneous transmission and reception in any subframes due to avoiding self-interference within the RN.
· In Procedure (1), DeNB transmits DL data for all UEs connected via the RN which is controlled by the eNB. This subframe is the DL backhaul and gives the DL transmission opportunity.
· If we keep HARQ backward compatibility, i.e. the HARQ feedback timing 4ms, the RN has to perform the HARQ ACK/NAK transmission corresponding to the DL backhaul transmission in Procedure (2).
· Procedures (3) and (4) are the same as Procedures (1) and (2) but one difference is that retransmission of Procedure (1) should be performed in this DL backhaul if HARQ feedback of Procedure (2) is NAK. This behavior is also backward compatible to Rel-8 in terms of asynchronous adaptive 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 4ms HARQ feedback timing and asynchronous adaptive retransmission.
UL case

As stated in Sec.1, it seems that there are not clear way forward in RAN1, 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 chart. In Fig.2, we assume UL backhaul period is 8ms because of maintaining backward compatibility to LTE in terms of 4ms feedback delay and synchronous adaptive HARQ.
· In Procedure (1), the RN transmits the buffered data which has been received from all UEs connected to the RN because the subframe is the UL backhaul and gives the UL transmission opportunity.

· If we also keep the transmission timing 4ms, the DeNB has to perform the HARQ ACK/NAK transmission corresponding to the UL backhaul transmission in Procedure (1).

· Procedures (3) is the same as Procedures (1) but one difference is that retransmission of Procedure (1) should be performed in this UL backhaul if HARQ feedback of Procedure (2) is NAK. This behavior is also backward compatible to Rel-8 in terms of synchronous adaptive HARQ.
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Fig.2: An example of HARQ over Un interfance (i.e. DL/UL backhaul link)

According to the above example procedure, we can maintain the backward compatible UL HARQ operation to Rel-8 in terms of 4ms HARQ feedback timing and synchronous adaptive retransmission.
2.3. Issues and proposals on DL/UL HARQ over Un interface

Fig.3 shows mixed HARQ timing chart as shown in Figs.1 and 2.
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Fig.3: Mixed HARQ timing chart
If we consider that the usage of same spectrums between DeNB-to-RN link and RN-to-UE link is highly desirable in LTE-A, we would point out the following issue.

· Issue 1: If both DL/UL HARQ feedbacks are transmitted over Un interface over non-UL/DL backhaul subframes, then this might cause degradation of system performance.
· Issue 2: Else if both DL/UL HARQ feedbacks are transmitted only over DL/UL backhaul subframe, then the HARQ is not backward compatible, in terms of 4ms HARQ feedback timing and synchronous HARQ retransmission for UL.
We think the DL/UL HARQ over Un interface should be backward compatible to Rel-8 as much as possible, but also consider the system performance. So we would like to discuss how to address Issues 1 and 2. As a summary, we propose: 
Proposal 1: For DL transmission opportunity over Un interface, the already specified MBSFN subframe should be the baseline/way forward as RAN1 suggested.

Proposal 2: For UL transmission opportunity over Un interface, RAN2 should assume there are some UL backhaul subframe as RAN1 discussed.
Proposal 3: RAN2 should study the HARQ mechanism over Un interface as the Un MAC functionality. In this case, it should be Rel-8 compatible as much as possible.
3. Conclusions

In this contribution, we discussed the HARQ mechanism for DL/UL backhaul as the Un MAC functionality in LTE-A in terms of backward compatible vs. system complexity point of view. With above discussions, we propose:
Proposal 1: For DL transmission opportunity over Un interface, the already specified MBSFN subframe should be the baseline/way forward as RAN1 suggested.

Proposal 2: For UL transmission opportunity over Un interface, RAN2 should assume there are some UL backhaul subframe as RAN1 discussed.

Proposal 3: RAN2 should study the HARQ mechanism over Un interface as the Un MAC functionality. In this case, it should be Rel-8 compatible as much as possible.
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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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