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1. Introduction
In a recent way forward, the Un link HARQ timing for FDD was agreed [1]. In this contribution, we discuss the topic of Un HARQ in the TDD case. The issues include the criteria for Un subframe allocation and its impact on HARQ timing. We also discuss the topic of the labeling HARQ processes for the Un uplink (UL).
2. Background
Seven UL-downlink (DL) subframe configurations are defined for TDD. Of these, it has already been agreed that only configurations 1, 2, 3, 4, and 6 will be supported for Rel-10 Type-1 relaying [2]. Therefore, in this contribution we do not consider configurations 0 and 5 for transmission on the Un link. It has been further agreed that the R-PHICH will not be required for the Un link. Instead the eNB can use the UL grant with a non-toggled NDI bit for adaptive Un UL HARQ retransmissions. However, Un UL grant timing and Un UL ACK/NACK feedback timing are important considerations for Un HARQ. Furthermore, the topic of Un UL HARQ processes can be discussed under the current working assumption for Un UL HARQ round-trip time (RTT).
3. Un HARQ Timing for TDD
3.1. Un Subframe Configuration
According to a way forward agreed in RAN1 #60 [3],

· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported

· For TDD, explicit configuration on the set of Un UL subframes is supported

· Implicit configuration on the set of Un UL subframes is FFS

The above implies that the basic support is for explicit configuration, for which the set of Un UL subframes will be explicitly signaled. Although this adds to the signaling overhead, it allows for greater flexibility in allocating DL/UL subframes for backhaul transmission, including the ability to support all allowable asymmetric DL/UL subframe allocations for the Un link. The support of asymmetric DL/UL Un subframe allocation fits in naturally with the asymmetric DL/UL subframe split specified under the different TDD configurations. As has been noted in several past contributions, UL-heavy asymmetric configuration for the Un link is associated with a DL-heavy asymmetric configuration for the Uu link, for which a use case cannot be found. Therefore, it has been agreed that UL-heavy asymmetric subframe configurations are not supported in Rel-10 [4]. Only symmetric and DL-heavy asymmetric configurations for the Un link are considered here.
With implicit configuration, the Un UL subframe can be implicitly derived from the Un DL subframe based on Rel-8 HARQ timing. Although implicit configuration can be used for both symmetric and asymmetric configuration of DL/UL subframes, additional specification may be necessary to avoid certain undesirable DL/UL subframe allocations.
3.2. Un Explicit Subframe Allocation

For explicit configuration, one beneficial approach is to select allowable DL/UL subframe configurations based on reusing Rel-8 timing. However, it would not be always be possible to reuse Rel-8 HARQ timing. The reason is that UL ACK/NACK timing and UL grant timing may be different (as in configuration 3 and configuration 4), implying that a single DL/UL subframe pair cannot always satisfy both timings. In such cases, the alternatives are to select a DL/UL subframe pair based on either Rel-8 UL grant timing or UL ACK/NACK timing. Reusing the UL grant timing provides the donor eNB the benefit of being able to jointly schedule RNs with UEs. The disadvantage with this approach is that when an UL subframe configured for the Un link carries feedback from R-UEs for a prior Uu link DL transmission, the feedback will be lost. The HARQ timing is then predefined for each Un subframe configuration after modifying the UL ACK/NACK timing as necessary. A simple modification rule, based on a minimum DL RTT of 8 ms, is to have ACK/NACK feedback in the first available UL Un subframe that follows at least 3 ms after the end of the DL Un transmission. A noteworthy guideline in selecting the UL subframe(s) is to disallow subframes that provide ACK/NACK feedback exclusively for transmissions on DL subframes that can be used only for Uu link (i.e., DL subframes 0, 1, 5, and 6). Among other UL subframes, the subframe that would minimize the adverse impact on Uu link ACK/NACK feedback can be selected.
When also considering asymmetric subframe configurations for the Un link, several DL:UL subframe ratios are possible. For maximum flexibility in supporting various traffic scenarios, all ratios possible under each TDD configuration can be supported. It may be noted that in any of the TDD configurations, subframes 0, 1, 5, and 6 cannot be configured as Un DL (i.e., MBSFN) subframes. Even with this constraint, multiple configurations or DL-UL subframe patterns may be possible for a single DL:UL ratio. Normally, the TDD configurations with a bigger DL/UL asymmetry also permit more DL:UL ratios. The eNB can make the best determination of the appropriate subframe configuration to properly balance the Un/Uu traffic under the prevailing link conditions and it would be preferable not to limit the permissible DL:UL ratios. To reduce implementation complexity, however, only a single configuration can be specified for each DL:UL ratio under each TDD configuration at the loss of some flexibility. This is similar to the TDD subframe configurations, each of which corresponds to a different DL:UL ratio.

In the asymmetric subframe configurations, “stand-alone” DL subframes are allocated in addition to paired DL/UL subframe. Even if the paired DL/UL subframes satisfy the Rel-8 HARQ timing, the stand-alone DL subframes may not. Note that UL grant timing is not an issue here since the already selected paired subframes are based on this criterion. Therefore, to simplify the specification, the stand-alone DL subframes can be selected based on Rel-8 ACK/NACK timing. That is, UL ACK/NACKs for Un transmissions in the stand-alone DL subframes would be transmitted in one of the configured UL Un subframes according to Rel-8 timing. For some DL:UL subframe ratios, this may not be possible. That is, one or more DL Un stand-alone DL subframes cannot be associated with an already configured UL Un subframe according to Rel-8 timing. In such an event, the ACK/NACK feedback timing can be modified according to the previously mentioned rule based on a minimum DL RTT of 8 ms: the ACK/NACK feedback in the first available UL Un subframe that follows at least 3 ms after the end of the DL Un transmission.
4. Un UL HARQ Processes
4.1. Rel-8 UL HARQ Timing
In TDD, the Rel-8 UL HARQ RTT depends on the DL/UL subframe configuration. In particular, considering those that are supported for Rel-10 Type-1 relaying, configurations 1–4 have a fixed RTT of 10 ms [5]. Since the RTT is equal to the periodicity of DL/UL subframes (10 ms), the number of UL HARQ processes required is equal to the number of UL subframes in one radio frame for these configurations: 4, 2, 3, and 2 for TDD configurations 1, 2, 3, and 4, respectively. TDD configuration 6 is an exception and has RTTs of 11 ms and 13 ms. Since the RTT exceeds the periodicity of the DL/UL subframes, the number of UL HARQ processes required, which is equal to the maximum number of UL subframes that occur within the RTT, is higher than the number of UL subframes in one radio frame. In this case, the required number of UL HARQ processes is six.
4.2. Un UL HARQ Timing

This process for indentifying the number of UL HARQ processes can also be extended to the Un link. If the Un link DL/UL subframe periodicity is also 10 ms, it is convenient to have the same HARQ periodicity. The following is the current working assumption [4]:

Working Assumption:

· Asynchronous HARQ is used for DL Un transmissions; Synchronous HARQ is used for UL Un transmissions and UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations.

According to this assumption, the Un UL HARQ RTT is fixed 10 ms for all subframe configurations. The identification of the number of Un UL HARQ processes and their labeling is illustrated by means of a few examples in the following. It is assumed that the Un DL/UL subframe allocation follows a 10 ms periodicity.

Consider the example shown in Figure 1 illustrating TDD configuration 1. Four UL HARQ processes are required for this configuration. The figure depicts Rel-8 HARQ timing for the four HARQ processes in three successive radio frames, with each color representing a unique HARQ process. In this example it is assumed that a symmetric DL/UL subframe pair {4, 9} is allocated to the Un link, using the indicated Rel-8 UL grant timing as the criterion for selection. The Un UL HARQ RTT is 10 ms. Note that the time between the end of an UL subframe and the next DL subframe is at least 3 ms. Since only a single UL Un subframe occurs during the HARQ RTT of 10 ms, only one HARQ process is required for the Un link in this case. Furthermore, since the Rel-8 HARQ periodicity coincides with the Un UL subframe periodicity, the Un HARQ process does not clash with any Uu HARQ process. Thus, the total number of UL HARQ processes, including both Uu and Un, is the same as with Rel-8; one of the HARQ processes is used by the Un link and the remaining three HARQ processes are used by the Uu link.
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Figure 1. Un UL HARQ Timing for TDD Configuration 1
Figure 2 shows an example for TDD configuration 3. Three UL HARQ processes are required for this configuration, as illustrated in the figure, which shows an asymmetric allocation of DL/UL subframes for the Un link. It may be recalled that the Rel-8 UL grant timing is different from the UL ACK/NACK feedback timing for this configuration. Thus, the allocation of DL/UL subframe pairs {8, 2} and {9, 3} is based on Rel-8 UL grant timing, as shown, which means that UL ACk/NACK feedback timing must be modified in this case. A stand-alone DL subframe {7} is also depicted in this example. Given that this Un UL HARQ RTT is 10 ms, it is clear that two HARQ processes are required for the Un UL in this case. Again there is no clash between Un and Uu processes since the Rel-8 HARQ periodicity coincides with the Un UL subframe periodicity. That is, the two Un UL HARQ processes do not impact the three Uu UL HARQ processes and the sum of these two equals the number of Rel-8 UL HARQ processes.
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Figure 2. Un UL HARQ Timing for TDD Configuration 3

The last example illustrated in Figure 3 shows TDD configuration 6, where subframe periodicity is different from UL HARQ RTT. As depicted in the figure, six UL HARQ processes are required based on Rel-8 HARQ timing. For any particular subframe index, the same HARQ process ID repeats once every 60 ms or six radio frames. In this example, a single DL/UL subframe pair {9, 4} is allocated for the Un link, where the selection is based on Rel-8 UL grant timing as shown. Since the Un UL subframe periodicity coincides with the Un UL HARQ periodicity, the required number of Un UL HARQ processes is equal to one. Note that the number of Uu UL HARQ processes is still six, which is the number of Rel-8 UL HARQ processes. However, as observed in [6], the Un UL HARQ process clashes with one of the Uu HARQ processes in every subframe. In radio frame n, the subframe for retransmission of Uu HARQ process ID 0 is 4, which is allocated to Un. Therefore, the Uu retransmission cannot occur in this subframe and Uu HARQ process ID 0 is affected in this radio frame. Likewise, Uu HARQ process ID 5 is impacted in radio frame n+1, and so on. This cycle repeats over 60 ms, so Uu HARQ process ID 0 is again impacted due to the Un allocation in radio frame n+6. Thus, each of the six Uu HARQ processes is impacted once every 60 ms, which may not be a serious issue.
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Figure 3. Un UL HARQ Timing for TDD Configuration 6
If the Un subframe allocation periodicity is fixed at 10 ms, given that the Un UL HARQ RTT is fixed at 10 ms, it is clear that required number of Un UL HARQ processes is always equal to the number of Un UL subframes allocated per radio frame.

5. Conclusions

In this contribution we provide our views on Un UL subframe configuration and allocation. Our proposals are as follows.
· Symmetric DL/UL subframe pair configuration for the Un link is based on UL grant timing.
· The UL ACK/NACK feedback timing is modified and predefined to support Un subframe allocations for which the Rel-8 timing is different from the UL grant timing.

· For each TDD configuration, the number of DL:UL subframe ratios for the Un link is not limited in order to allow the eNB to make the decision on the optimum ratio.

· Only a single configuration is specified for each DL:UL ratio under each TDD configuration.

·  Stand-alone DL subframes are configured for the Un link, to support asymmetric DL/UL subframe allocations, based on Rel-8 UL ACK/NACK timing when possible. The UL ACK/NACK feedback timing is predefined for the stand-alone subframes otherwise.
We also examine Un UL HARQ timing with the assumption that the Un UL HARQ RTT is fixed 10 ms for all subframe configurations. We make the following observations.

· The number of Un UL HARQ processes required is equal to the number of UL subframes allocated to the Un link in every radio frame.

· For TDD configurations 1, 2, 3, and 4, there is no clash between Un and Uu processes and the total number of UL HARQ processes is split between the Un and Uu links.

· For TDD configuration 6, the Un UL HARQ process clashes with one of the Uu HARQ processes in every subframe, but each of the Uu HARQ processes is impacted only once every 60 ms.
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