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1
Summary

This contribution presents link level simulation results for the R-PDCCH DL backhaul control channel in order to assess performance when using FDM and Hybrid (TDM + FDM) R-PDCCH multiplexing schemes.

Both frequency-distributed and frequency-localized placements for the R-PDCCH(s) are simulated in LOS and NLOS.
Based on these performance results, we recommend that the principle of Hybrid (TDM + FDM) mapping should be adopted as the R-PDCCH multiplexing approach. Furthermore, we recommend that frequency-first mapping of the R-PDCCH should be considered.
This contribution is a re-submission of R1-100289.

2
Background

Relaying is being examined as part to the LTE-A SI as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements [17] and has therefore been included in the LTE-Advanced TR [1]. Type I Relay was agreed to be included as one of the technology components for LTE-A.

A Type-I RN creates new cells, distinguishable and separate from the cells of the donor-eNB. To any legacy R8 UE, a Type I RN will appear as an eNB, i.e. the presence of a Type I RN in its communication path to the donor eNB is transparent to the UE. A Type I Relay node is essentially an eNB that has a wireless backhaul link back to the donor eNB by using an LTE-A air interface within the IMT spectrum allocation.
In order to avoid self –interference issues between the eNB to RN control channel and the RN to UE control channel, the concept of a new DL control channel (R-PDCCH) for the RN DL backhaul was introduced in ([3]

 REF _Ref237862218 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref237862948 \r \h 
 \* MERGEFORMAT [5]).
A sub-set of the agreements in the LTE-A TR [1] that impact the design of the R-PDCCH and ultimately, its achievable link level performance are listed 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. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. 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.

-
The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
-
If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth), is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
-
The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.

-
“R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.

Three approaches have been proposed for R-PDCCH mapping to physical resources allocated in the eNB to RN DL backhaul subframe ([6]-[15]). These are TDM-only versus FDM-only versus Hybrid mapping (TDM+FDM).

The principle of TDM based multiplexing for the R-PDCCH is illustrated in Figure 1: In this approach the R-PDCCH occupies a few OFDM symbols following the normal Rel-8 control region (plus RN switching time). 

The principle of FDM based multiplexing for the R-PDCCH is illustrated in Figure 2: A few RBs are reserved for backhaul control similar to a R8 PDSCH. Backhaul control channels are located in all OFDM symbols of these allocated RBs.

Finally, the principle of Hybrid mapping for R-PDCCH using both TDM and FDM based multiplexing is illustrated in Figure 3: In this approach, the R-PDCCH control symbols occupy a few RBs and a few OFDM symbols of the subframe within those RBs.

Note that guard periods to allow the RN to transition from Tx-Rx and from Rx-Tx are not represented in the figures.
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Figure 1: TDM multiplex of R-PDCCH
Figure 2: FDM multiplex of R-PDCCH
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Figure 3: Hybrid (TDM+FDM) R-PDCCH
Several design considerations affect the choice for the R-PDCCH mapping. These include basic performance in LOS and NLOS type of environments, but also support for simultaneous transmissions to legacy R8 UE’s, ability for the eNB to apply power-boosting and decoding latency as a function of the R-PDCCH mapping scheme, and several others.

In this contribution, we compare the link level performance of the R-PDCCH for both the FDM and Hybrid (TDM+FDM) based mapping approaches. Both LOS and NLOS environments are simulated. Furthermore, we compare the performance of both frequency-localized and frequency-distributed placements for the R-PDCCH allocations in the subframe, each for FDM and the Hybrid R-PDCCH mappings.
Section 3 presents simulation assumptions, and Section 4 presents link level simulation results for R-PDCCH. Section 5 discusses benefits and disadvantages of proposed mapping options. Conclusions and recommendations are shown in Section 6.
3
Simulation assumptions

3.1.
Channel model for LOS and NLOS
While the channel model to be used for the eNB to RN backhaul link for system level performance evaluation purposes was discussed during RAN1 #58 and a text proposal agreed [16], several more assumptions are needed to allow for link level performance evaluation of the R-PDCCH based on agreed upon channel environments.
For the purpose of this contribution, NLOS for the R-PDCCH was simulated using EPA (TS36.101).

In order to assess LOS performance, above rooftop (ART) positioning of the RN is assumed. This implies that a line of sight component is added to the channel model. A K-factor of 10dB has been assumed.
For both LOS and NLOS, a Classical Doppler with maximum spread limited to 0.1Hz representative of stationary RN’s has been assumed.
3.2
Link-level parameters

Table 1 presents the link level simulation parameters used for evaluation of the R-PDCCH performance.

	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Cyclic Prefix Type
	Normal CP

	Interference type
	AWGN

	Antenna Configuration
	1x2

	Size of R8 control region in eNB sub-frame
	2 OFDM symbols

	Size of R8 control region in the RN MBSFN sub-frame
	2 OFDM symbols

	Guard intervals (RN Tx-Rx/Rx-Tx switching)
	3rd and Last OFDM symbol in subframe

	Receiver Type
	MMSE

	Channel Estimation
	Ideal

	FFT Size
	1024


Table 1: Link Level parameters for R-PDCCH Evaluation
3.3
R-PDCCH Channel Coding, DCI sizes, Dimensioning
For DL Control Information sent from eNB to RN(s) (“R-DCI’s”), channel coding and interleaving for the R-PDCCH are assumed as by R8 [1]. This includes time-first mapping of the R-PDCCH.
In order to estimate the approximate number of R-PDCCH resources that are needed in a given subframe, a first consideration is that data transmission on the backhaul link uses a two codeword spatial multiplexing configuration. As such, a DCI similar in size to R8 DCI F2 will be used to calculate the number of resources needed for the R-PDCCH.

Furthermore, because of relatively good channel conditions, such as typically expected for stationary RN deployments, a somewhat higher channel coding rate can be supported for R-DCI’s. Simulation results are shown for a mapping into 1, 2 or 4 CCE’s. Given an equivalent R-DCI payload size of the order of 46 bits similar to R8 DCI F2 / 10 MHz, the effective resulting coding rate is 0.86, 0.43 and 0.21 for 1, 2 and 4 CCE(s) respectively.

A second consideration is proper dimensioning of the R-PDCCH in a backhaul subframe. If there were 5 RN’s per cell/sector, and each node needing 1 UL grant and 1 DL assignment each in DL backhaul subframe, this would result in 10 R-DCI’s to be carried per subframe. This however discounts for the possibility of using aggregated R-DCI grants/assignments or the possibility of using SPS over the backhaul link. Both approaches would significantly reduce the average number of R-DCI’s to be supported in an R-PDCCH per backhaul subframe.

An R-PDCCH size of 10 CCE’s (360 RE’s) is assumed. R-PHICH and R-PCFICH performance is not simulated. However, in addition to the R-PDCCH, 1 RB worth of resources are assumed reserved for R-PHICH. This results in a total of 372 RE’s for the backhaul control channel.
10 OFDM symbols are available for the backhaul channel in a subframe when a access link control region of size 2 symbols is assumed, and when there is a guard symbol on the third and on the last symbol of the subframe to allow for Tx-Rx/Rx-Tx switching.

Accordingly, the following Backhaul control channel mapping schemes providing each R-PDCCH for 10 CCE’s were evaluated:
· FDM: 4 RB’s in frequency domain over 10 OFDM symbols time-domain
· Localized: The 4 RB’s are placed in the centre of the band

· Distributed: The 4 RB’s are placed uniformly across the band beginning from the lowest RB.
· Hybrid (TDM+FDM): 11 RB’s in frequency-domain over 3 OFDM symbols time-domain.
· Localized: The 11 RB’s are placed in the centre of the band
· Distributed: The 11 RB’s are placed uniformly across the band beginning from the lowest RB.
4
Simulation results

The simulation results for 1 CCE, for NLoS and LOS are shown in Figures 4 and 5, for 2 CCE’s in Figures 6 and 7, and for 4 CCE’s in Figures 8 and 9 respectively.
For NLOS (Figures 4, 6 and 8), the localised schemes (FDM and Hybrid TDM+FDM) do not experience much frequency diversity and perform worse by more than 2dB @ BLER 1% than the distributed mapping schemes.

In case of LOS deployment, due to the presence of a line of sight component, the channel is relatively flat in the frequency domain. Hence the distributed mapping schemes show relatively minor gains order 0.5dB @ BLER 1% over the localised schemes, as can be seen in Figures 5, 7 and 9.
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Figure 4: NLOS/R-PDCCH with 1 CCE (ECR=0.86)
Figure 5: LOS/R-PDCCH with 1 CCE (ECR=0.86)
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Figure 6: NLOS/R-PDCCH with 2 CCE (ECR=0.43)
Figure 7: LOS/R-PDCCH with 2 CCE (ECR=0.43)
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Figure 8: NLOS/R-PDCCH with 4 CCE (ECR=0.21)
Figure 9: LOS/R-PDCCH with 4 CCE (ECR=0.21)

5
Discussion
The advantages and disadvantages for each of the R-PDCCH mapping schemes analyzed in this contribution, as well as the TDM mapping approach, are summarised in Table 2.
	
	TDM
	FDM
Localised
	Hybrid(TDM+FDM)
Localised
	FDM
Distributed
	Hybrid
Distributed

	Performance in NLOS
	Good, due to increased interleaving gain.
	Poor, due to inability to exploit interleaving gain
	Good, due to increased interleaving gain.

	Performance in LoS
	All schemes have similar performance in LOS

	Flexibility in scheduling R8 UE’s
	Does not allow scheduling of R8 UE’s
	Highest flexibility
	Allows scheduling of R8 UE but with Lower flexibility relative to FDM
	Highest flexibility
	Allows scheduling of R8 UE but with Lower flexibility relative to FDM

	Decoding latency
	Low
	High
	larger than TDM and smaller than FDM
	High
	larger than TDM and smaller than FDM

	Granularity in mapping and scalability
	Poor since granularity is  in units of OFDM symbol
	Poor since  granularity is in units of RBs
	Good since  granularity is in units of partial RBs
	Poor since  granularity is in units of RBs
	Good since  granularity is in units of partial RBs

	Overhead
	Needs signalling in one dimension
	Needs signalling in one dimension
	Needs signalling in two dimension
	Needs signalling in one dimension
	Needs signalling in two dimension

	Ability to balance power between control and data
	Easy
	Difficult
	Difficult
	Difficult
	Difficult


Table 2: Comparison of R-PDCCH mapping schemes

Since the TDM approach prevents scheduling of Rel-8 UEs in the eNB to RN backhaul subframes, we believe it should be avoided.

The FDM approach for the R-PDCCH (both localised and distributed) suffers from increased decoding latency with respect to the earliest time instant that the R-PDSCH can be decoded, or conversely buffering requirements imposed onto RN design.

The Hybrid (TDM+FDM) R-PDCCH mapping performs similar to FDM, and has the additional advantage of lower decoding latency.

To some extend, FDM mapping for the R-PDCCH provides poor granularity in terms of multiple number of CCE’s required to carry eNB-to-RN control messages, while the Hybrid (TDM+FDM) approach provides a finer resolution.

One disadvantage of the Hybrid –PDCCH mapping is that in principle it requires signalling both the frequency and time span of the control channel. However, this is not perceived as big constraint, given that semi-static R-PDCCH allocations combined with a limited number of blind decoding attempts over unknown number of control symbols can avoid the need to signal the exact number of control symbols. Amongst others, this avoids the need for R-PCFICH, while still retaining the ability to dynamically vary the number of control symbols.

In R8, the multiplexed and interleaved PDCCH are mapped in time first order. For the RN backhaul, due to low to no mobility and frequency flat nature of the channel, time-first mapping does not provide any significant performance advantage and frequency-first mapping should be considered. Mapping in frequency first order allows blind decoding over unknown number of control symbols without significant increase in decoding complexity.
5 Conclusions and Recommendations

Based on the above performance results and the discussion on advantages and disadvantages, we recommend that Hybrid (TDM+FDM) mapping for the R-PDCCH multiplexing should be adopted.

Furthermore, we suggest that frequency-first mapping of the R-PDCCH should be considered.
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