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1 Introduction
In previous meetings, several decisions on Un subframe configuration and HARQ for FDD have been made, and those are captured in [1]. In addition, the following is agreed regarding Un HARQ timeline in FDD [2]:
· Support the following transmission timing in Rel. 10:
· If an UL grant is transmitted in subframe #n, the corresponding UL data transmission happens in subframe #(n+4)
· If DL data is transmitted in subframe #n, the corresponding UL ACK/NACK feedback is transmitted in subframe #(n+4)
These agreements are about the Un HARQ timing, not about the Un UL subframe configuration. One remaining issue is to clarify the Un UL subframe configuration. Furthermore, the configured Un UL subframes cannot convey all the periodic signals in Rel-8. In this contribution, we discuss and provide our views on these issues.
For TDD, the supported uplink-downlink configurations are listed in [1]. The remaining details regarding relay node procedure for determining PUCCH assignment are also discussed in this contribution.
2 Discussion on Un UL subframe configuration
2.1 Option 1: Implicit configuration
First, one method to configure Un UL subframe is implicit configuration. Implicit configuration is the method that subframe #(n+k) is configured as a Un UL subframe for RN-to-eNB transmissions if subframe #n is configured as a Un DL subframe for eNB-to-RN transmission. In Rel-10, k is assumed to be 4 as is in Rel-8, and it seems to be well-aligned with Rel-8 specifications.
However, periodic UL signaling such as CSI, SRS and SR on Un PUCCH cannot be transmitted in the regular way when implicit configuration is used. For example, if the Un UL transmission happens 4 subframes after the corresponding Un DL transmission, the positions of Un UL subframes will vary according to the 8-bit bitmap for Un DL subframes, with the exception that subframe #0, #4, #5, #9 cannot be configured as Un DL subframes. Therefore, the configured Un UL subframes cannot convey all the periodic signals in Rel-8.
Figure 1 shows an example that periodic UL signaling is blocked. Here, the 8-bit bitmap for Un DL subframe configuration is ‘11011011’ and the transmission period of UL signaling is 10ms. As shown in Figure 1, a RN should transmit UL signaling 4 times within 40ms time window according to the dedicated period. But we can see that only 3 transmissions are possible due to the limitation of available Un UL subframes.
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Figure 1: An example that implicit configuration is used and periodic UL signaling is blocked, when 8-bit bitmap for Un DL subframe configuration is ‘11011011’
Thus, if the Rel-8 periodicities are directly applied to Un UL transmission, the opportunities for periodic UL transmission may be reduced and it becomes worse when the number of available Un UL subframes is small.
Such loss of opportunities may cause additional problems. If a CSI feedback such as rank indicator (RI) is blocked, the associated feedback could be useless. Moreover, since Rel-10 8Tx codebook is determined from multi-subframe report in some reporting modes [3], CSI reporting modes on PUCCH could not work properly.
In order to resolve such problems, some possible transmission options are presented in [4], and we propose that the only available Un UL subframes are indexed when a RN transmits CSI, SRS and SR on Un PUCCH, as shown in Figure 2. Then, all periodicities for Rel-8 CSI, SRS and SR transmission can be applied to Un UL transmission. In this case the actual periodicity may be broken according to Un subframe configuration, but the opportunities for transmission are preserved.
Proposal 1: The only available Un UL subframes are indexed for periodic UL signaling on Un link.
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Figure 2: An example of subframe indexing for CSI, SRS and SR transmission
2.2 Option 2: Explicit configuration
Explicit configuration can be a solution for the problems with implicit configuration which has the limitation in configuring Un UL subframe in flexible manner. By transmitting the additional 40-bit bitmap for Un UL subframe configuration irrespective of Un DL subframe configuration, explicit configuration can have higher flexibility in configuring Un UL subframe.
Proposal 2: Explicit Un UL subframe configuration shall be supported.
For example, if explicit configuration is used under the same Un DL subframe configuration as in Figure 1, subframe #30 can be configured as a Un UL subframe through the 40-bit bitmap for explicit configuration. Therefore, all UL signaling can be transmitted successfully unlike the case of implicit configuration.
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Figure 3: An example of explicit configuration and periodic UL signaling, when 8-bit bitmap for Un DL subframe configuration is ‘11011011’
Explicit configuration also benefits from the efficient use of resources in the scenario where a RN and a pico eNB coexist in the same macro eNB. For instance, if subframe #n is configured as almost blank subframe (ABS) and also configured as a Un DL subframe, it cannot be used in Un DL transmission because R-PDCCH cannot be transmitted in ABS [5]. In this case, if implicit configuration is used, Un UL subframe #(n+4) can be wasted because there is no UL grant or DL data in the corresponding Un DL subframe.
Such resource wastage can be resolved by a proper Un UL subframe configuration. If Un UL subframe #(n+4) is configured as a Uu UL subframe instead of a Un UL subframe, it is possible for the RN to use DL subframe #n in Uu DL transmission depending on RN implementation.
Figure 4 shows an example of explicit configuration in the presence of almost blank subframe. The subframe offset of pico eNB is set to 2 and macro eNB’s DL subframes corresponding to subframe #0 of pico eNB are configured as ABS in order to protect physical broadcast channel (PBCH) transmitted from the pico eNB. The ABS pattern has a period of 10ms and the 8-bit bitmap for Un DL subframe configuration is ‘01100111’. As shown in Figure 4, Un subframe #2, #22 is configured as both ABS and Un DL subframes. By configuring Un subframe  #6, #26 as Uu UL subframes, the RN can use Un subframe #2, #22 as Uu DL subframes.
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Figure 4: An example of explicit configuration in the presence of almost blank subframe
3 Discussion on Un PUCCH assignment
In Rel-8, dynamic ACK/NACK resource index associated to PDSCH transmission is implicitly determined by the minimum CCE index of the corresponding PDCCH and the boundary index between semi-static and dynamic ACK/NACK resource. On the other hand, semi-persistent ACK/NACK resource index is determined by higher layers in semi-static manner and the semi-statically allocated PUCCH resource is usually used for SPS data, CQI and SR transmission.
In Un UL transmission, there is only semi-static configuration of ACK/NACK resource. In case of Un PDSCH assigned by R-PDCCH, the corresponding ACK/NACK resource on Un UL is semi-statically configured by higher layers on a RN specific basis. The Un PUCCH resource for SR or CSI is also semi-statically configured by higher layers on a RN specific basis.
For TDD, the PUCCH resource(s) shall be semi-statically allocated as the maximum number of Un DL subframes associated with a single Un UL subframe. For example, in Figure 5, the number of PUCCH resource blocks at a Un UL subframe shall be 3. In addition, the PUCCH resource assignment determining which PUCCH resource block is assigned to which Un DL subframe shall be well defined in order to support ACK/NACK channel selection in TDD.
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Figure 5: An example of configuration for eNB-RN transmission in TDD
Proposal 3: The PUCCH resource(s) shall be allocated as the maximum number of Un DL subframes associated with a single Un UL subframe.

4 Conclusion
In this contribution, we discussed Un UL subframe configuration, periodic signal transmission and PUCCH resource assignment on Un UL. The following are proposed:
Proposal 1: The only available Un UL subframes are indexed for periodic UL signaling on Un link.
Proposal 2: Explicit Un UL subframe configuration shall be supported.
Proposal 3: The PUCCH resource(s) shall be allocated as the maximum number of Un DL subframes associated with a single Un UL subframe.
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