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1 Introduction
RAN1 is currently discussing the allocation of Un subframes as well as the definition of Un HARQ timing principles. For TDD, it was agreed that at least explicit configuration for the set of Un UL subframes is supported [1]. However, the details of the explicit configuration and how HARQ will be operated in the Un link is not solved yet. In this contribution, we propose some ground rules for the subframe allocation and HARQ timing in the Un link. 
2 Background

LTE Release 10 is supposed to support inband relaying, where the same spectrum is used for eNB-RN and RN-UE links. A relay node must avoid self-interference, i.e., while transmitting to a UE it cannot receive from its donor eNB and while receiving from a UE it cannot transmit towards its donor eNB. Self-interference at the relay can be avoided by dedicating certain subframes to the eNB-RN (Un) link.  Those Un subframes are unavailable for RN-UE transmissions (Uu link) by declaring DL Un subframes as MBSFN subframes and by not scheduling any UEs in UL Un subframes.  In TDD, downlink subframes 2, 3, 4, 7, 8, and 9 can be configured as MBSFN subframes. 

LTE Rel-8 defines seven different TDD configurations, each with a certain ratio of DL:UL subframes and each with a predefined HARQ timing. To avoid interference between eNBs and relays, it is desired that the donor eNB and the relay are operating with the same TDD configuration.  
3 Discussion
In the following subsections we discuss the basic principles for the subframe allocation and HARQ operation in Un the link.
3.1 DL and UL subframe allocation

All TDD configurations, except Configuration 0, are symmetric or downlink-heavy, i.e., there are equal or more DL than UL subframes. Configuration 0 is not suited to support relays because this configuration does not have any DL subframe which could be a MBSFN subframe for the Un link. Hence, the Un subframe allocation should be symmetric or downlink-heavy as well. 
Proposal 1 Downlink-heavy or symmetric UL-DL allocations are supported in the Un link
When supporting downlink-heavy or symmetric subframe allocations in Un link, the Rel-8 timings for the UL grants carried on (R-)PDCCH can be reused. This allows for efficient joint eNB scheduling of Rel-8 UEs (connected to the DeNB) and RNs. To be able to reuse Rel-8 timing, for each Un UL subframe, the corresponding DL subframe carrying the PDCCH grant should be Un subframe as well. 
Proposal 2 For each Un UL subframe, the corresponding DL subframe carrying the UL grant on PDCCH based on Rel-8 timing, is a Un subframe as well (subframe pairs)
With the proposal above, specific DL-UL “subframe pairs” in the Un link can be configured. In order to allow for downlink-heavy Un subframe allocations, there should be “stand-alone” DL subframes in the Un link in addition to subframe pairs. These stand-alone DL subframes do not carry PDCCH grants for Un UL subframes. Instead, the corresponding UL subframes, if any, are allocated to the Uu link and the RN can schedule UEs during the control period of the “stand-alone” DL subframes.

Proposal 3 In addition to subframe pairs, standalone DL Un subframes might be allocated 

There are different alternatives how to configure Un UL and DL subframes. They could be explicitly configured following the proposals above. Alternatively, one (or a few) Un subframe allocation(s) per TDD configuration could be pre-defined. Preferably, the UL-DL ratio of the pre-defined Un subframe configurations should be close to the UL-DL ratio of the TDD configuration. 
Proposal 4 Consider whether to explicitly signal Un subframes (pairs and standalone) or to predefine certain Un subframe allocation(s) per TDD configuration. 

Figure 1 depicts an example TDD subframe allocation where Uu and Un are downlink-heavy. Subframe #8 is selected as a Un UL subframe. To obtain a grant for this subframe, subframe #4 is allocated as a Un DL subframe. In addition to this subframe pair, a stand-alone Un DL subframe (SF #9) which does not have a corresponding UL subframe, is configured. 

[image: image1.png]Subframe 0 1 2 3 4 5 3 7 8

on } t]
EEREEEEE VT

w





Figure 1. The example of the downlink-heavy (2:1) Un subframe allocation and HARQ timing with TDD Configuration 1. Blue colour refers to DL, red colour to UL and white to the guard period.
Figure 2 depicts an example TDD subframe allocation where Un DL-UL allocation is symmetric. In this case, the downlink and uplink Un subframes are paired. Note that HARQ feedbacks for both Un and Uu links are in place already with Rel-8 HARQ timing.
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Figure 2. The example of the symmetric (1:1) Un subframe allocation and HARQ timing with Configuration 1. Blue colour refers to DL, red colour to UL and white to the guard period.
3.2 DL HARQ timing in Un link

In TDD Rel-8 HARQ, the time relation between the DL transmission and the corresponding ACK/NACK in UL is not same as the time relation between the grant on PDCCH and the corresponding UL transmission.  Thus, even if the grant – UL transmission timing is according to Rel-8, the HARQ feedback as response to Un DL transmission can occur in a Uu subframe. Figure 3 depicts an example HARQ timing with TDD configuration 3 where subframe #3 is allocated to Un UL. In order to obtain Rel-8 UL grant timing, subframe #9 needs to be Un DL. However, the HARQ feedback for Un DL transmission in subframe #9 occurs in subframe #4 which cannot be Un UL.   
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Figure 3. The example of the Un/Uu subframe allocation and HARQ timing with Configuration 3. Blue colour refers to DL, red colour to UL and white to the guard period.
There are different alternatives to modify the HARQ feedback timing for a DL transmission. For instance, the HARQ feedback for a DL Un transmission in subframe n could occur in the first available UL Un subframe m >= n+4, considering the minimum RTT of 8ms. Alternatively, it could be based on a m >= n+k rule where k is derived from Rel-8 timing. In order to limit complexity, the feedback timing should be close to Rel.8 timing. With a limited set of Un subframe allocations per TDD configuration the HARQ feedback timing relations could be predefined as well. 

3.3  UL HARQ timing in Un

With TDD configurations 1-5, the Rel-8 timing between the HARQ feedback on PHICH and UL retransmission is same as the PDCCH UL grant – UL transmission timing. The above proposal to allocate Un UL subframes in UL-DL subframe pairs based on Rel.8 timing ensures the applicability of Rel.8 timing for UL grants on PDCCH or PHICH. However, with configuration 6 it is impossible to find such a subframe allocation that both PDCCH and PHICH would occur in MBSFN-capable Un subframes. 

For FDD we proposed a PHICH-less Un operation due to the mismatch of the MBSFN subframe period (10ms) and the HARQ re-transmission period (8ms) [2]. In order to maintain maximal commonality between FDD and TDD, the Un link should be operated without PHICH in TDD as well.

We assume that the channel conditions on the Un link are rather stable and HARQ retransmission rate can be kept at low level. Thus, UL retransmissions are not needed often and PHICH-less operation can be more resource efficient. 

Proposal 5 Operate the Un interface without PHICH and use only adaptive HARQ for the Un uplink.
4 Summary & Conclusion 
Based on the discussion in section 3 we propose the following principles for LTE TDD:

Proposal 6 Downlink-heavy or symmetric UL-DL allocations are supported in the Un
Proposal 7 For each Un UL subframe, the corresponding DL subframe carrying the UL grant on PDCCH based on Rel-8 timing, is a Un subframe as well (subframe pairs)
Proposal 8 In addition to subframe pairs, standalone DL Un subframes might be allocated 

Proposal 9 Consider whether to explicitly signal Un subframes (pairs and standalone) or to predefine certain Un subframe allocation(s) per TDD configuration. 

Proposal 10 Operate the Un interface without PHICH and use only adaptive HARQ for the Un uplink.
The benefit of the proposals is that maximal commonality with Rel-8 HARQ can be maintained. Rel.8 PDCCH and PUCCH message formats and timing can be reused. Especially, the reuse of Rel.8 timing leads to efficient eNB schedulers, because schedulers can dynamically schedule UEs and RNs with the same timeline. In addition, since there will be no explicit ACK/NACK feedback for UL transmission a (R-)PHICH does not need to be standardized.
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