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1 Introduction

In the last two meetings, significant progress has been made to Relay Type 1 backhaul resource assignment [2-3]. In this contribution, we discuss the following issues for Relay control design:

· Multiplexing schemes for R-PDCCH and R-PDSCH

· Reuse of Rel’8 functionality for R-PDCCH

· R-PDCCH resource allocation
· Multiple Resource Assignments

2 Multiplexing schemes for R-PDCCH and R-PDSCH
Several contributions extensively discussed the multiplexing schemes for R-PDCCH and R-PDSCH channels [4-11]. The three most viable solutions are pure TDM, FDM and Hybrid TDM-FDM where examples are shown in Figures 1a – c.

Figure 1  a) Pure TDM              b) FDM                    c) Hybrid TDM-FDM
The criteria or key points that need to be considered for the selection of the final multiplexing scheme are decoding latency for R-PDSCH, impact on macro-UEs scheduling restrictions (for Rel’8/9 UEs), power sharing between R-PDCCH and PDSCH and required standardisation effort.
Pure TDM multiplexing: This scheme has the lowest decoding delay for the R-PDSCH as the R-PDCCH can be placed in the earliest OFDM symbol(s) of the relay part of the subframe across all RBs in frequency domain. In addition, pure TDM has the minimum standardisation effort as most of the Rel’8 functionality can be re-used for the relay control channel design. On the other hand, for the impact on the macro-UEs scheduling, it has the worst restriction as Rel’8/9 UEs can not be scheduled at all within subframes that are allocated for the DL backhaul resources. Also power sharing between R-PDCCH and PDSCH is not possible, but, perhaps this is not a critical issue.
FDM multiplexing: This scheme has no restriction at all for macro-UEs scheduling and power sharing between R-PDCCH and PDSCH is possible. However, it has the longest decoding delay for the R-PDSCH as the R-PDCCH spans to the end of the subframe. In addition, it is expected that FDM multiplexing requires more standardisation effort than the other multiplexing schemes.
TDM-FDM multiplexing: This scheme is a compromise between the TDM and FDM multiplexing schemes. The decoding delay is much better than the FDM method as the R-PDCCH are placed in the first slot of the subframe and at the same time the impact on the macro-UEs scheduling restriction is minimised by distributing the R-PDCCH on a subset of resource blocks (RBs) in the system bandwidth. Power sharing between R-PDCCH and PDSCH is also possible; however it may have an impact on the Rel’8 UEs [5]. That is if power boosting is applied to the R-PDCCH OFDM symbols, then the power of all PDSCH OFDM symbols for Rel’8 UEs needs to be reduced as the transmission power should be kept constant during the subframe, particularly for higher order modulations. However, this can be dealt with by the proper adjustment of the modulation and coding scheme. Additionally, TDM-FDM requires the least standardisation effort as most of the Rel’8 functionality can be re-used. 
Based on the above discussion, we have a preference for the TDM-FDM multiplexing scheme and assume this in the discussion in the rest of this contribution.
3 Reuse of Rel’8 Functionality for R-PDCCH 

As a starting point for relay control design, it is reasonable to assume a similar LTE Rel’8 control structure for Relay control design by simply re-using the implementation that is already available at the Rel’8 LTE eNB. This includes the transmitter processing structure of R-PDCCH channel coding and rate-matching as well as multiplexing and interleaving of different R-PDCCHs and mapping to resource-element groups. Assuming that the resource blocks (RBs) allocated for relay control channels are well-spaced in the frequency domain (for example reusing DVRBs like mechanism), it is possible to achieve the same diversity gain as Rel’8 control channels, however this should be confirmed by simulations.
Alternatively, it may be possible to achieve frequency selective gain by not multiplexing and interleaving different R-PDCCHs, but instead, placing each relay’s R-PDCCH (i.e. Relay specific R-PDCH) in its best resource blocks based on the feedback from the relay. This may work well for the case where the relay is stationary and there is a good line-of-sight connection. However, it may not work in all cases such as where the relay is required to support group mobility (for example high-speed trains and other rural/urban transportation systems) where the link between the donor eNB and relay is not stationary. Therefore, in order for LTE-A to be competitive in the future, it is better to design a relay control channel that is robust enough to handle different channel conditions.

Based on the above discussion, we have preference to re-use the LTE Rel’8 control structure as much as possible and distribute the resource blocks allocated for relay control channels in the frequency domain.

4 R-PDCCH Resource Allocation 

The “R-PDCCH” control channel can be dynamically or semi-statically allocated. The difference is that in the case of dynamic resource allocation, the exact required amount of control resources are reserved in the subframe while in the case of semi-static allocation, the resources are reserved even if they are not used all for R-PDCCH channels. 
In the last meeting it was agreed that the actual overall set of resources used for R-PDCCH transmission may vary dynamically between subframes. But, the number of RBs allocated for R-PDCCH is semi-statically configured. This information of number of RBs can be done either by dedicated signalling from the donor eNB or by broadcasting via system information within the cell. If the R-PDCCH resource is shared by all relays in the cell, either broadcasting the number of RBs allocated via system information or dedicated signalling can be applied. On the other hand, if the relay specific R-PDCCH is adopted, dedicated signalling carrying the number of RBs allocated can be applied as the control size dimensioning for each relay is independent. 
Our preference is that R-PDCCH resource is shared by all relays attached to donor eNB and we assume this in the discussion in the rest of this contribution.

Further more, we think that there are still issues that need to be discussed in detail. R-PDCCH resource configuration can be done either in the frequency domain (i.e. the number of RBs) or the time-domain (i.e. the number of OFDM symbols) or both domains. Below is given a list of the possible options:
1) Static/semi-static number of RBs and dynamic configuration of the number of OFDM symbols.
2) Dynamic configuration of the number of RBs and static/semi-static number of OFDM symbols.
3) Dynamic configuration of both the number of RBs and the number of OFDM symbols.
4.1 Static/semi-static number of RBs and dynamic configuration of the number of OFDM symbols

This first option allows static/semi-static configuration of the number of RBs in frequency domain and dynamic configuration of number OFDM symbols in time domain. The number of RBs can be signalled within the cell-wide system information or dedicated signalling if they are semi-statically configured. However, for the static case it does not need to be signalled at all and relay will assume a pre-fixed number of RBs used in frequency domain all the time. Since the number of OFDM symbols is dynamically configured, it will be necessary to have the R-PCFICH channel indicate the number of OFDM symbols in time domain similar to the current LTE Rel’8 control structure. This number of OFDM symbols can be restricted in the first slot of the subframe up to four or three OFDM symbols for normal cyclic prefix subframes and extended cyclic prefix subframes respectively. It is attractive to start at the fourth OFDM symbol and for the upper limit at the last OFDM symbol in the first slot of the subframe. 
The main concern for this option is that there are two dimensional adaptations; first in frequency domain and then in time domain which is not efficient in terms of reducing the signalling overhead in the system as the signalling of each dimension may be independently updated. Therefore, it would be better to make static in one of the dimensions while at the same time achieving a good diversity gain. 
In the case where the number of RBs is static and number of OFDM symbols is dynamic, then the consequence is that these static RBs will introduce scheduling restrictions to macro-UEs (i.e. Rel’8/9 UEs) in case they are not used all by the relays and or Rel’10 UEs. Another issue is the time domain adaptation, the diversity gain is expected to be small compare to frequency domain adaptation that applies distributed RBs.
In the case where the number of RBs is semi-static and number of OFDM symbols is static, the signalling overhead is slightly better than the previous case, but the consequence is that the overall R-PDCCH resources will become a semi-static configuration contrary what was agreed in the last meeting. Also the diversity gain considerably depends on the number of distributed RBs allocated in the frequency domain.      
4.2 Dynamic configuration of the number of RBs and static/semi-static number of OFDM symbols

Contrary to previous option, this second option allows dynamic configuration of the number of RBs in frequency domain and static/semi-static configuration of number OFDM symbols in time domain. 

For the case where the number of RBs is dynamic and the number of OFDM symbols is semi-static, the concern is the signalling overhead arising from the two dimensional adaptation where the signalling for each dimension may be independently updated. Nevertheless, for this case, a good diversity gain can be achieved from the distributed RBs in frequency domain. 
For the case where the number of RBs is dynamic and number of OFDM symbols is static, the signalling overhead is reduced as well as scheduling restrictions to macro-UEs (i.e. Rel’8/9 UEs) by allocating sufficient RBs for the relay control channel (i.e. R-PDCCH). In addition, a good diversity gain can be achieved from the distributed RBs in frequency domain. In this case, R-PCFICH can indicate four different RB group sizes, for example 2RB, 3RB, 8RB and 14RBs [4].
4.3 Dynamic configuration of both number of RBs and the number of OFDM symbols

The third option is the dynamic adaptation of both the number of RBs in frequency domain and the number of OFDM symbols in time domain. Again it is attractive to start the number of OFDM symbols at the fourth OFDM symbol and for the upper limit at the last OFDM symbol in the first slot of the subframe. With this option, it is possible for R-PCFICH to indicate a varying combination of the number of RBs and the number of OFDM symbols. However, it is questionable whether dynamic adaptation of both dimensions brings any extra benefit over the one dimensional adaptation; for example the case where the number of RBs is dynamic and the number of OFDM symbols is static.
The table below compares the above three configuration options.
Table 1: Comparing R-PDCCH resource configuration options
	
	Options

	
	Static/semi-static RBs and dynamic OFDM symbols.
	Dynamic RBs and static/semi-static OFDM symbols.
	Dynamic RBs and dynamic OFDM symbols.

	Scheduling restrictions to macro-UEs (i.e. Rel’8/9 UEs)
	Introduces restriction.
	Does not introduce restriction.
	Does not introduce restriction.

	R-PCFICH usage
	R-PCFICH can indicate the number of OFDM symbols.
	R-PCFICH can indicate the number of RBs.
	R-PCFICH can indicate both the number of RBs and OFDM symbols.

	Two dimensional signalling issue

	One dimension is possible, that is static RBs and dynamic OFDM symbols.
	One dimension is possible, that is dynamic RBs and static OFDM symbols.
	Issue is two dimensional signalling.


	Achievable diversity gain
	Frequency diversity gain is achievable.
	Frequency diversity gain is achievable, but, depends on the number of RBs.
	Frequency diversity gain is achievable, but, depends on the number of RBs.

	Latency for decoding of the R-PDSCH
	Latency arises, but depends on the number of OFDM symbols.
	Latency arises.
	Latency arises.

	 Standardization effort
	small
	small
	medium


5 Multiple Resource Assignments
It has previous been agreed [3] that:

· 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. 

It is known that simultaneous donor eNB-to-relay and relay-to-UE transmissions on the same frequency resource is not possible for LTE-A. So, the relay can only receive R-PDSCH from the donor eNB in a set of predefined subframes (i.e. similar to MBSFN subframes) in which the relay is not transmitting to its UEs in the access link. In this set of subframes, there is flexibility that the eNB can dynamically or semi-persistently schedule to relay nodes in a manner similar to Rel’8 mechanism using R-PDCCH control channel. However, we have a concern that the above agreed statement may mean that the R-PDCCH can dynamically assign resources to multiple future subframes (i.e. multiple R-PDSCH or R-PUSCH assignment from one R-PDCCH). Due to data traffic being bursty for dynamic scheduling, we do not see the necessity for R-PDCCH to dynamically assign resources to multiple future subframes. Therefore, multiple resource assignment should be limited only to semi-persistently scheduling for both DL and UL backhaul transmissions similar to Rel’8 mechanism.
6 Conclusion
In this contribution, we have provided further details for Relay control design. Our view is as follows:

· To apply TDM+FDM multiplexing scheme for R-PDCCH and R-PDSCH channels.
· To reuse Rel’8 Functionality for R-PDCCH design (channel coding, Ratematching, multiplexing, interleaving, etc.) where R-PDCCH resource is shared by all relays attached to donor eNB.  
· For the overall R-PDCCH resource configuration, further study may be needed to select one of the following two configurations:

· Static/semi-static number of RBs and dynamic configuration of the number of OFDM symbols.

· Dynamic configuration of the number of RBs and static/semi-static number of OFDM symbols.

· Multiple resource assignment should be limited only to semi-persistently scheduling for both DL and UL backhaul transmissions similar to Rel’8 control mechanism.
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