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1 Introduction
Backhaul link channels for RNs will be transmitted in the legacy PDSCH region, while supporting the backward compatibility. Therefore, it should be carefully considered how to multiplex among R-PDCCH, R-PDSCH, and PDSCH. 
In this contribution, we discuss about backhaul channel design issues. We first compare advantage and disadvantage of several R-PDCCH multiplexing schemes, and show our preference according to comparison results. Then, we discuss about the starting position of R-PDCCH and R-PDSCH.
2 R-PDCCH multiplexing 
Based on the previous discussions [1-5], reasonable approaches for R-PDCCH multiplexing schemes are FDM and FDM+TDM. Various options proposed so far are enumerated in the table below [6].

Table 1. Summary of R-PDCCH design
	Option 
	RS
	R-PDCCH region
	"A PRB pair" contains(*)
	Interleaving across PRBs
	Usage of remaining OFDM symbols in case of FDM+TDM

	1
	Precoded/non-precoded RS
	FDM+TDM
	A full single or part of a single R-PDCCH
	No
	R-PDSCH to same RN as R-PDCCH

	2
	Precoded/non-precoded RS
	FDM+TDM
	a part of R-PDCCH
	Yes, across a few PRBs
	R-PDSCH to same RN as R-PDCCH

	3
	Precoded/non-precoded RS
	FDM
	A full single or part of a single R-PDCCH
	No
	-

	4
	Precoded/non-precoded RS
	FDM
	a part of R-PDCCH
	Yes, across a few PRBs
	-

	5
	Precoded RS
	FDM+TDM
	a few R-PDCCHs to a single RN
	Yes, across a few PRBs
	Same RN as R-PDCCHs

	6
	Precoded RS
	FDM
	a few R-PDCCHs to a single RN
	Yes, across a few PRBs
	-

	7
	Precoded RS

DM-RS sequence--CCE linkage
	FDM
	a few R-PDCCHs

No RN restriction
	Yes, across a few PRBs
	-

	8
	Precoded RS

Best-effort beam choice
	FDM
	a few R-PDCCHs

RNs with close spatial directions
	Yes across a few PRBs
	-

	9
	Non-precoded RS
	FDM+TDM
	a few R-PDCCHs
	Yes, across a few PRBs
	No RN restriction

	10
	Non-precoded RS
	FDM
	a few R-PDCCHs
	Yes, across a few PRBs
	-


· FDM 
In this scheme, R-PDCCH occupies the whole OFDM symbols within the PRBs allocated for R-PDCCH transmission. FDM can be a simple way to allocate resource for R-PDCCH transmission with little impact on scheduling flexibility for R-PDSCH and macro PDSCH. However, FDM multiplexing induces an increase in R-PDCCH decoding time, and correspondingly, R-PDSCH decoding latency will be increased. Therefore, it needs to be carefully investigated that this increased R-PDSCH decoding latency may cause the lack of HARQ processing time for ACK/NACK feedback on UL backhaul subframe especially for the case that the distance between donor eNB and RN is large. 
In addition, applying FDM to R-PDCCH multiplexing will cause inefficient resource utilization. If R-PDCCH is not interleaved with other RN’s R-PDCCH within a single PRB (i.e., options 3, 4, and 6 in Table 1), then there will be resource waste as the amount of REs is too large to be allocated to a single RN’s R-PDCCH. This resource waste problem will be more serious in case of the distributed R-PDCCH placement as at least two PRB-pairs should be allocated to a single RN’s R-PDCCH. One way to resolve this problem is to stuff the wasted REs with the same RN’s R-PDSCH, but in this case, there is no reason to keep FDM between R-PDCCH and R-PDSCH of a single RN. Another way is to multiplex multiple R-PDCCHs for different RNs in an allocated PRB(s) (i.e., options 7, 8, and 10 in Table 1). However, this method cannot be a complete solution as it is still possible to waste some resources depending on the number of RNs scheduled in a subframe (e.g., the case where there is only one RN in the cell). Moreover, it becomes difficult to exploit the frequency selective scheduling gain due to the fact that a single PRB should be shared with different RNs. We also observe some drawbacks of each option in this category such as the necessity of complicated linkage between the DM RS sequence and R-PDCCH REs in option 7 and the lowered beamforming gain in option 8.
· TDM+FDM
If TDM+FDM scheme is applied for R-PDCCH multiplexing with R-PDSCH, one or multiple OFDM symbols in a single or multiple PRB(s) are used for R-PDCCH transmission, and the remaining symbols are used for R-PDSCH as shown in Figure 1. In this scheme, RNs have relatively short decoding time compared with FDM, and thus, TDM+FDM enables to guarantee more HARQ processing time at RNs. And this scheme is also easy to exploit frequency selective gain on R-PDCCH transmission by allocating RN-specific R-PDCCH resource on its favourable band. Resource allocation may be slightly complicated, but it can be solved by Primary and Secondary backhaul resource concepts as shown in Figure 1 and Rel-8 compatible resource allocation schemes.
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Figure 1. TDM+FDM-based RN-specific R-PDCCH allocation
Regarding the R-PDCCH interleaving issues, R-PDCCH distribution over multiple PRBs separated in frequency domain is sufficient for exploiting diversity gain since the fixed relay scenarios are the main focus in this WI stage. In addition, beamforming and frequency selective scheduling gain can be fully exploited if R-PDCCHs are not interleaved with each other within a single PRB. On the other hand, interleaving among R-PDCCHs within a single PRB makes multiplexing among R-PDCCH, R-PDSCH and macro PDSCH more complicated in case of TDM+FDM. Let’s consider the option 9 in Table 1 for example. In this case, a RN to which R-PDSCH is transmitted should be able to know whether or not the OFDM symbols in front of the allocated R-PDSCH region are occupied by R-PDCCH. Noting that R-PDCCH can exist only in a part of PRBs among the allocated R-PDSCH region, utilizing the remaining OFDM symbols in this option seems to require some complicated signalling. 
On the other hand, if R-PDCCH is not interleaved with other RN’s R-PDCCH within a single PRB, then, by decoding its own R-PDCCH, a RN naturally recognizes the existence and the location of R-PDCCH in the allocated R-PDSCH region without any additional signalling. One may argue that this non-interleaving option imposes a restriction on the R-PDSCH allocation and such a restriction can cause lowered resource utilization. However, the resultant performance degradation is expected to be negligible as a RN is expected to have quite consistent DL traffic that is enough to fill the corresponding REs in most cases.
· Our preference
First, it is observed that applying FDM to R-PDCCH/R-PDSCH multiplexing will cause inefficient resource utilization while we can guarantee more HARQ processing time in TDM+FDM case. Therefore, TDM+FDM method seems more desirable than FDM. 

Regarding the R-PDCCH interleaving, it is important to support frequency selective R-PDCCH transmission efficiently for achieving selection gain under the stationary channel status of fixed RNs. In this sense, intra-PRB interleaving is not desirable for R-PDCCH. Moreover, intra-PRB interleaving increases the channel design complexity both in FDM and TDM+FDM cases. Thus, we prefer to avoid the intra-PRB interleaving of multiple R-PDCCH for different RNs. 

As a result, options 1, 2, and 5 in Table 1 are fall within our preference.
3 Starting position of backhaul channels
Another issue discussed so far is the starting position of backhaul channels (R-PDCCH and R-PDSCH). As agreed in [7], the OFDM symbol index at which the RN can start to receive the backhaul signal is a variable which depends on the PDCCH length of the RN. For example, in DL timing case 1, the RN can start to receive the backhaul signal at the OFDM symbol (kRN+1) where kRN denotes the PDCCH size of the RN. Considering that it is natural to transmit the backhaul signal after the PDCCH transmission of the donor eNB, the start time of the backhaul signal can be determined as in Figure 2 in DL timing case 1. From this figure, we can easily see that the backhaul signal start time (denoted by s) in DL timing case 1 can be written by
s = max {keNB, kRN+1},
where keNB denotes the PDCCH size of the donor eNB. We note that kRN is either 1 or 2 if the number of the RN antenna ports is 1 or 2, and it is fixed to 2 if RN has four antenna ports.
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Figure 2. Examples of the start time of the backhaul signal when RN’s PDCCH length is (a) 1 OFDM symbol and (2) 2 OFDM symbols.
The above observation implies that the start time of the DL backhaul signal is configurable in a certain range, and a specific value should be chosen in consideration of the PDCCH size of the donor eNB and RN. By allowing this configurable start time, the backhaul link sometimes becomes able to utilize one more OFDM symbol for transmission when compared with the case where the start time is fixed to the fourth symbol which is derived under the assumption of the maximum PDCCH size of the RN as depicted in Figure 2(b). The RN’s PDCCH size needs to be limited to one OFDM symbol in order to exploit this additional symbol utilization, but this limitation seems reasonable as RN does not transmit any DL scheduling message in a backhaul subframe.

It is noteworthy that the start time of R-PDCCH can be fixed for the implemental simplicity. The resource waste caused by fixing R-PDCCH starting time would not be too serious as R-PDCCH is expected to be confined to relatively narrow bandwidth compared with the backhaul data channel.

4 Conclusion

Several issue points in the DL backhaul channel design are discussed in this contribution. The conclusions are summarized as follows:

Conclusion 1: We concluded that TDM+FDM is a better choice for R-PDCCH multiplexing scheme as it can exploit frequency selection gain for stationary channel status of fixed RNs, guarantee adequate R-PDSCH decoding time, and avoid unnecessary resource waste.

Conclusion 2: We concluded that no interleaving is applied to R-PDCCHs of different RNs within a single PRB and options 1, 2, and 5 in Table 1 were proposed as the baseline.
Conclusion 3: We proposed to have a configurable start time of R-PDSCH in order to maximize the backhaul link resource utilization.
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