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1. Introduction

UL/DL band swapping [1] and UL subframe stealing [2] have been discussed as a method of eNB-to-RN backhaul transmission. These two methods share in common the property that eNB transmits backhaul signal to RN via UL resource. In RAN1 #56bis meeting, it was given as an action item to check the RAN1 specification issues of this eNB-to-RN backhauling in UL resource. This contribution presents several points that should be considered in RAN1 to introduce these schemes.
______________________________________________________________________
2. RAN1 Specification Issues
It is not easy to exactly enumerate RAN1 specification issues of eNB-to-RN backhauling in UL resource at this time, as no work has been done on the backhaul link design yet. Many features would be shared in common in DL and UL backhaul resource (e.g., modulation, MIMO scheme, control channel format). However, there also exist some points that distinguish eNB-to-RN backhauling in UL resource from that in DL resource.

In this section, we list several aspects that need to be addressed when working on the backhaul link design to introduce eNB-to-RN backhauling in UL resource on top of eNB-to-RN backhauling in DL resource. Type I relay is considered in the following discussions, and the case of Type II relay is FFS.
1) Backhaul subframe structure
Figure 1 compares the subframe structures for eNB’s transmission to RN in DL and UL resources with normal CP. Guard period of one OFDM symbol is assumed for transmission/reception mode transition of RN before and after the backhaul signal reception, respectively. Also two-OFDM-symbol PDCCH is assumed when eNB-to-RN link is set up in DL subframe. As there is no PDCCH transmission in UL subframe, the length and the location of backhaul signal part in UL backhaul subframe are different from those in DL backhaul subframe. Therefore, this aspect should be taken into consideration in designing the structure of the subframe allocated to the eNB-to-RN link.
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Figure 1. Subframe structures of eNB-to-RN backhauling in DL and UL resource.
2) Reference signal for RN
In designing the backhaul link, it should be explicitly stated which RS is used for RN’s measurement and demodulation.  There are two possibilities in defining the RS used for eNB-to-RN link; one is to use CRS defined in Rel-8, and the other is to define a new RS used for backhaul link in Rel-10.
In the case of CRS-based backhauling, the CRS transmission range needs to be specified in a UL subframe allocated to eNB-to-RN link for an accurate measurement at RN. If CRS is transmitted over the whole frequency band, it will overlap with PUSCH/PUCCH of relay UEs.
In the case of Rel-10 RS-based backhauling, the difference between the subframe structures of DL and UL cases discussed in the previous subsection should be taken into consideration in designing the RS used for the backhaul link.
3) Subframe allocation for backhaul link
To establish the backhaul link between eNB and RN, a signal needs to be sent from eNB to RN to indicate which subframes are allocated to the backhaul link. Then, RN should manage its access link in consideration of the subframe allocation result. More specifically, RN should stop its PDSCH transmission in a DL backhaul subframe, and it should arrange its PUSCH/PUCCH scheduling to avoid collision with the backhaul signal in a UL backhaul subframe. It is obvious that, to support this operation, the signal on the backhaul subframe allocation will contain the information that indicates the type of each allocated subframe (i.e., DL or UL) in addition to the subframe index.
4) Backhaul link HARQ
Backhaul link will have its own HARQ process which defines the timing of RN’s ACK/NACK and eNB’s retransmission corresponding to a backhaul data codeword. To support eNB-to-RN backhauling in UL resource, the HARQ process should to be defined such that it can cover the case of eNB’s transmission in UL resource.

In FDD case, designing backhaul link HARQ process has different issue points in DL and UL bands, respectively. The existence of non-MBSFN-configurable subframes in DL band complicates this backhaul HARQ process design as discussed in [3]. However, there is no such issue in UL band, thereby simplifying the process design much. Figure 2 compares one possibility of DL band backhaul HARQ process with that of UL band under the assumption of 8 ms periodicity in RN’s transmission.
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Figure 2. Examples of eNB-to-RN link HARQ processes.
In TDD case, backhaul link HARQ process may be defined in a way similar to the access link case. The following table (Table 10.1-1 in [4]) shows the access link UL ACK/NACK timing corresponding to each PDSCH transmission. More specifically, UL ACK/NACK is transmitted at subframe n in response to PDSCH transmitted at subframe(s) (n-k). Each value of (n-k) in the table corresponds to one of DL subframe indices, which implies that the corresponding codeword is transmitted in a DL subframe. We may compose a similar table to define the backhaul link HARQ process, and, if it supports eNB-to-RN backhauling in UL resource, the table should include the UL ACK/NACK timing corresponding to a backhaul data codeword transmitted by eNB in a UL subframe.
Table 10.1-1: Downlink association set index 
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	TBD
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


______________________________________________________________________
3. Conclusion
In this contribution, we discussed some RAN1 specification issues that would be raised by introducing eNB-to-RN backhauling in UL resource. It is concluded that RAN1 needs to continue to study eNB-to-RN backhauling in UL resource in various aspects including the subframe structure, reference signal, subframe allocation, and HARQ process of the backhaul link.

______________________________________________________________________
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