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1 Introduction 
During previous meetings, some papers (e.g., [1], [2]) has proposed that the legacy SPS mechanism should not be used over Un interface, because Un interface traffic characteristics is not like VOIP and the gain of reducing R-PDCCH resource is very low. However, in our view, reducing R-PDCCH signalling overhead is still necessary and the saved resource can be reused for data transmission.

In this contribution, we discuss the necessity of reducing R-PDCCH signaling overhead, and provide a simple solution different from SPS to reduce R-PDCCH signaling overhead.

2 Discussion
2.1 The necessity of reducing R-DPCCH signaling overhead
In [3], the resource allocation for R-PDCCH is described as below:

Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes.

The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.

It means that when there is no R-DPCCH signaling transmission, the PRBs semi-statically assigned for R-PDCCH transmission can be used to carry R-PDSCH or PDSCH.
Proposal 1: It is necessary to research how to reduce the R-PDCCH signaling overhead.

Fig 1 denotes the R-PDCCH resources for different RNs (RN1 and RN2) with Rel-10 DM RS. The yellow rectangle shows the R-PDCCH resources (both DL assignment and UL grant) for RN1, while the blue rectangle shows the R-PDCCH resources for RN2. The corresponding downlink transmission for RN1 and RN2 are indicated by R-PDSCH 1 and R-PDSCH 2. 
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Fig 1    the R-PDCCH resources for different RNs
If neither DL assignment nor UL grant is indicated for RN1, the R-PDCCH resources assigned for RN1 can be utilized for macro UE (left in Fig 2) or RN2 (right in Fig 2).
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Fig 2    the R-PDCCH resources for RN1 is utilized by other users
Fig 2 shows the special advantage of decreasing the R-PDCCH overhead, i.e. the blank R-PDCCH resources can be assigned to transmit PDSCH or R-PDSCH. In the situation that the downlink traffic load of macro UEs (or some RNs) becomes higher, the corresponding downlink transmission will be carried out , in case that R-PDCCH overhead is reduced for transmit PDSCH/R-PDSCH. This will help decrease the delay of the traffic and increase the downlink throughput of the macro cell.
2.2 An example of reducing R-DPCCH signaling
As stated in [3]:

-
The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
-
The R-PDCCH may assign uplink resources in one or more later subframes. 
During previous meetings, RAN1 has a way-forward that the implicit timing for Un HARQ that “for symmetric UL/DL subframe configurations, UL data transmission happens in subframe #(k+4) if UL grant is transmitted in subframe #k, UL ACK/NACK feedback for DL data transmission in subframe #k is transmitted in subframe #(k+4)”[4], in order to support that the R-PDCCH assigns downlink resources in the same subframe and uplink resources in one later subframe.
However, the current L1 specification does not support that the R-PDCCH assigns downlink resources in the one or more later subframes and uplink resource in more later subframes.

Because the above requirement is still not excluded from the 36.814, it seems RAN2 should provide a solution via higher layer signalling to satisfy this requirement.

Based on the above assumption, in order not to impact on RN’s transmission, the corresponding DL assignment or UL grant is preconfigured so that the R-PDCCH resources will be free, some scenarios are shown in Annex:
Proposal 2:  R-DPCCH signaling overhead can be reduced by pre-configuring DL assignment and UL grant.

For Rel8 UE, Semi-persistent scheduling is a common method to pre-configure resources for both DL and UL transmission. However, SPS is not suitable for Un transmissions. For example, service on Un is aggregation of several UEs’ services, so it may not fulfill the character of SPS service. Besides, SPS interval can be hardly guaranteed because of Un subframe configuration.
On the contrary, Un transmission rarely retransmits, it means that Un physical resource (re-)configuration is irrelevant to retransmission. And because the number of RNs is supposed to be only a few, e.g., 2 or 3 RNs, PRB resource scheduling for little RNs is less dynamic. 

We try to give a simple example for reducing R-DPCCH signaling overhead.
During the period that the high-priority downlink transmission of macro UEs becomes heavier, in order to reuse the R-PDCCH resources assigned for RN as PDSCH, DeNB may pre-configure DL/UL resources for RN. For example, in the situation that preconfigured resources are used in consecutive Un subframes, DeNB indicates the number of the consecutive Un subframes before indicating the preconfigured resources. When RN acquires the preconfigured resources, it will utilize the preconfigured resources repeatedly in these Un subframes.
Proposal 3:  RN can utilize the preconfigured resources in multiple consecutive Un   subframes indicated by DeNB. 
3 Conclusion 
In this contribution, the necessity of reduction of R-PDCCH signaling overhead and a simple solution are discussed and our proposals are as follows:
Proposal 1: it is necessary to research how to reduce the R-PDCCH signaling overhead.

Proposal 2: R-DPCCH signaling overhead can be reduced by pre-configuring DL assignment and UL grant.

Proposal 3: RN can utilize the preconfigured resources in multiple consecutive Un   subframes indicated by DeNB.
4 Annex
Scenario 1: DL assignment is preconfigured while downlink transmission only.

Fig 3 denotes resources partition of the Un DL subframe in scenario 1. There is only downlink transmission for RN1 in this subframe, the corresponding DL assignment has been preconfigured before, therefore, no DL assignment is needed to be assigned in this subframe. Furthermore, the R-PDCCH resources of RN1 are assigned to macro UE (left in Fig 3) or RN2 (right in Fig3).
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Fig 3    resources partition of the Un DL subframe (scenario 1)

Scenario 2: UL grant is preconfigured while uplink transmission only.

Fig 4 denotes resources partition of the Un DL subframe in scenario 2. There is only uplink transmission for RN1 in the Un UL subframe (related to this subframe), the corresponding UL grant has been preconfigured before, therefore, no UL grant is needed to be assigned in this subframe. Furthermore, the R-PDCCH resources of RN1 are assigned to macro UE (left in Fig 4) or RN2 (right in Fig4).
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Fig 4    resources partition of the Un DL subframe (scenario 2)

Scenario 3: both DL assignment and UL grant are preconfigured.

 Fig 5 denotes resources partition of the Un DL subframe in scenario 3. There is downlink transmission for RN1 in this subframe and uplink transmission for RN1 in the Un UL subframe (related to this subframe), the corresponding DL assignment and UL grant have been preconfigured before, therefore, neither DL assignment nor UL grant is needed to be assigned in this subframe. Furthermore, the R-PDCCH resources of RN1 are assigned to macro UE (left in Fig 4) or RN2 (right in Fig4).
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Fig 5    resources partition of the Un DL subframe (scenario 3)
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