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1 Introduction

RAN1 is discussing the use of a new control channel structure, the R-PDCCH, for the backhaul link between the donor cell and the relay node. This contribution discusses some aspects related to the design of the R-PDCCH. 
2 Background

Regarding the R-PDCCH design we agreed the following during RAN1#60bis:

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

3 Discussion
3.1 Split between DL and UL region 

It was agreed to split the R-PDCCH region in two parts: the first one is used for time-critical DL assignments and the second one for non-time-critical UL grants
. The boundary between both parts is the slot boundary. 

Reference [1] identified different start symbols for the R-PDCCH. The start symbol can either be fixed to symbol #3 (Alt.1), or it can be configured to other symbols, typically #2 or #3 (Alt.2)
. According to the agreed DL timing cases, the end symbol of the R-PDCCH is either the last symbol #13 (DL case 1) or any of the symbols before that (DL Case 3), typically symbol #12. Figure 1 illustrates the typical start- and end symbols of the R-PDCCH. 
As a result, the first “DL part” is typically composed of 4 to 5 symbols. Note that, according to current discussions it can be as short as 2 symbols. The “UL part” is typically composed of 6 to 7 symbols. This ratio is somewhat unbalanced especially since DL assignments are typically larger than UL grants. Hence it should be considered to set the boundary between the “DL part” and the “UL part” different from the slot boundary. Like that resources (DL symbols or resource elements) are more evenly split and the same number of REs can be used in the DL and UL part. 
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Figure 1
typical start- and end symbols of the R-PDCCH
3.2 Multiplexing and interleaving multiple R-PDCCHs per PRB 
Multiplexing multiple R-PDCCHs for different RNs in the same PRB (“DL part” or “UL part”) can be seen as a tool to increase resource efficiency since otherwise unused REs of a PRB can be used for other RNs. REs used for the same R-PDCCH can be adjacent in time and/or frequency. 
Interleaving multiple R-PDCCHs for different RNs in the same PRB can be seen as a tool to increase diversity without reducing the code rate. When interleaving multiple R-PDCCHs in a single PRB, time diversity could be gathered. However, with non-mobile RNs time variations across a slot is minor. When interleaving multiple R-PDCCHs in multiple PRBs frequency diversity could be gathered. Interleaving is a special case of multiplexing where REs of the same R-PDCCH are distributed.

Although both effects, increased efficiency as well as increased diversity, are highly desired, multiplexing and interleaving is only useful for R-PDCCHs demodulated with CRS. Furthermore, it is only useful without frequency selective scheduling. Hence only for CRS-based Un control channels with distributed resource allocation, multiplexing and interleaving could be useful.
With the useable number of REs (4-symbol DL part: 44 REs; 7-symbol UL part: 76 REs) in typical configurations (20MHz, 4 Tx antenna ports) and with the corresponding DCI size of 44 bits (format 0 and 1A) a code rate of 0.5 for DL assignments and 0.3 for UL grants result. With a more even split between DL and UL parts, as proposed in section 3.1, a code rate of approx. 0.4 for both DL assignments and UL grants result. 

For non-precoded R-PDCCHs not using frequency selective scheduling, maximum code rates of 0.5 seems reasonable, or stated differently, code rates above 0.5 seem less relevant. Hence no multiplexing or interleaving is necessary and REs of a PRB should be used for a single RN only.
3.3 Search Space

Blind decoding of R-PDCCHs can be done rather simple. Each RN has a couple of candidate PRB pairs. These candidate PRB pairs could be configured by higher layers or pre-defined based on a given allocation scheme. Now a RN attempts to decode its R-PDCCH on each PRB for aggregation level one (DL assignments in first PRB of a PRB pair only). For higher aggregation levels (or for interleaved R-PDCCHs) the RN attempts to decode its R-PDCCH on combinations of multiple PRBs, e.g. 2 or 4. Which PRBs constitute an aggregation level could again be configurable by higher layers or pre-defined based on a given rule. 

3.4 DL assignment only
For DL assignments demodulated with CRS in the first slot, the second slot might contain an UL grant for the same or different RN. For DL assignments demodulated with DMRS in the first slot, the second slot might contain an UL grant for the same RN. If that particular RN does not have UL traffic, no UL grant needs to be issued. Hence the second slot could be used for other purposes. 

It is unclear if the loss of the second slot in a single RB motivates the specification of a new physical downlink data channel that occupies the second slot of a single RB only. For typical scenarios, where a limited number of RNs aggregate user traffic of multiple UEs the optimization potential is close to zero. Only in scenarios with plenty of RNs, each with a very small number of UEs, there is some potential for optimization. 
3.4.1 Data transmission in second slot of the R-PDCCH region
If the need for data transmission in the second slot of a single RB can be justified by reasonable performance gains, a simple yet efficient way of using the second slot for data (without specifying a new PDSCH) could be to allow data transmission to the same RN, to which the DL assignment in the first slot was transmitted. Existing DCI formats could be reused since a scheduled RN knows upon which RB it has received the DL assignment and the RN could implicitly exclude the resources occupied by the decoded R-PDCCH when determining upon which resources the data from the eNB is to be received. 
Figure 2 illustrates the case where RN1 detects the DL assignment on the R-PDCCH transmitted in the first slot of RB#3. The DL assignment indicates data transmission on RBs #0 to #3, e.g. using one of the existing DCI formats. In this case the RN should receive the corresponding data transmission in the first slot of RB #0, #1 and #2 and in the second slot of #0, #1, #2 and #3. The first slot of RB #3, where the R-PDCCH was detected, is excluded from data reception. This allows reusing the existing RB allocation schemes, where the RN only needs to ignore one PRB, and where the eNB does not map data in one PRB. 

[image: image2]
Figure 2
Potential data transmission in second slot of the R-PDCCH region
3.5 UL grant only
In the absence of DL assignments, UL grants can be transmitted in the first slot. For UL grants demodulated with CRS in the first slot, the second slot can contain an UL grant for a different RN. For UL grants demodulated with DMRS in the first slot, the second slot could be used for other purposes. Like in the previous section, it seems unclear if the loss of the second slot in a single RB is significant, especially since user traffic has to be UL heavy. 
In contrast to the “DL assignment only” case, the second slot cannot be used by the same RN. If the second slot should be assigned to a different RN a new DCI format is required, which point to a second slot only. Furthermore, the RS pattern for the UL grant in the first slot as well as for the data part in the second slot has to be reconsidered. Hence in the “UL grant only” case, the second slot should definitely be left empty. 
4 Summary & Conclusion

Based on the discussion in section 3 we propose the following:

· It should be considered to set the boundary between the “DL part” and the “UL part” different from the slot boundary.

· Multiplexing or interleaving is not necessary for the R-PDCCH and REs of a PRB should be used for a single RN only.
· If the need for data transmission in the second slot of a single RB can be justified by reasonable performance gains, data transmission to the same RN to which the DL assignment in the first slot was transmitted could be to allow using existing DCI formats.
· For the “UL grant only” case, the second slot should be left empty. 
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� UL grants could also be transmitted in the first part.


� It is being discussed that the first part can start as late as symbol #5.
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