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1 Introduction
The following decisions were made for TDD Un UL subframe allocation in RAN1#60 meeting last February:
· 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

Taking into account the above decision, this contribution discusses Un UL subframe allocation, especially for FDD cases, and HARQ timing in Un downlink and uplink. It seems that the above decision can well apply to FDD cases as well. The explicit configuration will allow the donor eNB to manage the DL/UL resources flexibly for respective Un and Uu links, considering the configurations of Un/Uu HARQ, configurations of Uu PUCCH and SRS, interference situations in HetNet scenarios, etc.. The explicit configuration is also useful in minimizing collisions between Un and Uu link HARQ processes. Detailed discussions follow in the subsequent sections below.
2 Un UL subframe assignment
As per the decision in RAN1#60, explicit assignment of Un UL subframes is the baseline for TDD, but the assignment in FDD cases is still open to both explicit and implicit approaches. One of the motivations for the implicit assignment is to re-use the LTE Rel-8 FDD HARQ timeline as much as possible in Un link. That is, after receiving an R-PDSCH in a Un DL subframe, RN can transmit UL ACK/NACK in the Uu UL subframe, implicitly assigned with 4 ms delay from the corresponding Un DL subframe. Likewise, RN can transmit an R-PUSCH in the implicitly assigned UL Un subframe, coming 4ms after the corresponding Un DL subframe containing the UL grant which have scheduled the R-PUSCH transmission. Another benefit would be to simplify the HARQ timing design in Un link. 
However, these seemingly beneficial aspects of the implicit assignment does not appear to result in meaningful benefits in HARQ operation perspective and rather creates other issues. One example is the collision problem between UL Un HARQ and UL Uu HARQ. When the implicit assignment is applied with the fixed 4 ms time difference, it is unavoidable that Un UL HARQ collides with multiple Uu HARQ processes without skipping a Un UL HARQ process in-between. This problem arises because DL subframes #0, #4, #5 and #9 cannot be configured as Un subframes and thus Un DL subframes cannot have exactly the 8ms periodicity as illustrated in Figure 1. In Figure 1, since DL subframes #9 and #5 in red cannot be configured as Un subframes, UL subframes #3 and #9 in gray cannot be configured as Un subframes with the implicit assignment. 
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Figure 1. Problem with the implicit assignment: not supportable to have collision with only a single Uu HARQ process.

On the other hand, with the explicit assignment, it is possible that Un UL subframes are configured with 8 ms periodicity while Un DL subframes where UL grants are sent do not have exactly 8 ms periodicity, as shown in Figure 2. It is noted that the time difference between the Un DL and UL subframes is not necessary 4 ms in Figure 2. Once the RN receives a UL grant in Un DL subframe “n”, the RN can send R-PUSCH in the first Un UL subframe “n+k” with k≥4. This way it can be guaranteed that Un UL HARQ collides with no more than a single Uu HARQ process.
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Figure 2. Explicit assignment: only Uu UL HARQ process #7 collides with Un UL HARQ.
Also, it should be noted that the explicit assignment can fully support the UL subframe configuration and HARQ timeline provided by the implicit assignment. As UL Un subframes are semi-statically configured in the explicit assignment, the signalling overhead to configure Un subframes is not an issue at all. Furthermore, the explicit assignment provides various flexibilities in configuring Un resources, which cannot be supported by the implicit assignment. For example, the explicit assignment can support asymmetric configuration of DL/UL Un subframes. As data traffic is highly likely heavier in DL than in UL in general, it will be useful to configure less Un UL subframes than DL ones, especially in TDD configurations where the number of Uu UL subframes is much less than Uu DL subframes. In addition, the donor eNB can have flexibility in deciding on the locations of UL Un subframes, e.g., considering preferred configuration of UCI and SRS transmissions in Uu link. It should be noted that given the HARQ timeline design in Section 2, no additional specification on HARQ data (re)transmission and ACK/NACK response depending on the location of Un Uu subframes is needed for both explicit and implicit assignments.
Proposal

· Un UL subframes are explicitly assigned
3 Un HARQ operation in DL and UL
3.1 HARQ in Un downlink
In LTE Rel-8/Rel-9, asynchronous HARQ is applied in downlink. Likewise, the asynchronous HARQ can be adopted for Un downlink as well. Once an R-PDSCH is scheduled and received by the RN in a Un DL subframe, the RN can send UL ACK/NACK in the 1st first available Uu UL subframe at 4ms or later receiving the R-PDSCH. With asynchronous HARQ, HARQ retransmission can be scheduled in any Un DL subframe, considering the available PRB resources for R-PDCCH and R-PDSDCH transmissions for the RN. As asynchronous HARQ provides good flexibility in configuring Un subframes, there seems no issue with applying the asynchronous HARQ in Un DL as in LTE DL.
Proposal

· Asynchronous HARQ is the baseline for Un DL HARQ

3.2 HARQ in Un uplink

In LTE Rel-8/Rel-9, synchronous HARQ is applied in uplink. When Un uplink adopts synchronous HARQ, the timing of corresponding Un UL HARQ retransmissions and Un DL ACK/NACK transmissions is pre-determined for a given HARQ initial transmission. This pre-determined timeline could impose unnecessary restrictions in Un link considering that any fixed HARQ timeline cannot be met in Un link, due to the restriction on MBSFN subframe locations and due to the limited number of DL and UL subframes in TDD systems. As discussed in Section 2, this pre-determined timeline in combination with the restriction on MBSFN subframe locations and the implicit assignment cannot avoid the situation that Un UL HARQ collides with multiple Uu UL HARQ processes.

On the other hand, asynchronous HARQ in Un UL can allow the eNB to flexibly adjust the timing of HARQ retransmission. The eNB can choose a preferred Un DL subframe for retransmission grant and a preferred Un UL subframe and available PRB resources for R-PUSCH retransmissions. This flexibility allows the eNB to serve many RNs with pre-configuring a reasonable amount of Un resources (Un subframes, PRBs for R-PDCCHs, etc.). 
However, it seems that the adoption of asynchronous HARQ would require more specification efforts for Un HARQ design, compared to synchronous HARQ which allows re-using the LTE HARQ design. Considering the tight timeline for Rel-10 Relay WI, it is not clear at this point whether the benefits could compensate the required specification efforts and possible delay in the completion of Relay Rel-10 WI. Also, asynchronous HARQ needs to transmit a UL grant whenever HARQ retransmission is needed, and thus results in larger overhead compared to synchronous HARQ.
Proposal

· Synchronous HARQ is the baseline for Un UL HARQ

· Asynchronous HARQ can be considered as well, if the required specification work is deemed to be completed within the Rel-10 WI time frame
4 Conclusion
In this contribution, we discussed Un subframe allocation and HARQ timing and propose to take the followings as baseline:

· Un UL subframe assignment

· Un UL subframes are explicitly assigned
· Un HARQ operation in DL and UL

· Asynchronous HARQ is the baseline for Un DL HARQ

· Synchronous HARQ is the baseline for Un UL HARQ
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