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Discussion and Decision
1. Introduction

For inband Type I relay, eNB → RN and RN → UE links are time division multiplexed in a single frequency band. Subframes used for eNB → RN transmission are configured as MBSFN subframe in access link to be compatible with LTE Rel-8 UEs. Due to the MBSFN configuration, resources used for relay backhaul transmission consist only of Rel-8 PDSCH region, i.e. the discussion of R-PDCCH and R-PDSCH multiplexing in Rel-8 PDSCH region. Details of multiplexing schemes are being discussed and no consensus has been reached on whether FDM or TDM+FDM should be supported [1]. On the other hand, interleaving is an important technique for interference randomization and frequency diversity. There has been no agreement yet on whether interleaving should be supported.

Multiplexing scheme and interleaving have big impact on R-PDCCH design including its reference signals. In addition, LTE-A supports the unicast channels to be mapped also to MBSFN subframes, making the problem more complicated for RS. In this contribution, we present some further discussions on the design of backhaul link reference signals (RS).
2. Discussions on R-PDCCH demodulation RS
Interleaving and RS are related in R-PDCCH design. So we divide the discussion between with interleaving and without interleaving.

2.1 R-PDCCH with interleaving
In this section, we assume that Rel-8 PDCCH processing (interleaving, multiplexing, etc.) is reused for R-PDCCH, e.g., inter-R-PDCCH interleaving and the REG-level interleaving. Inter-R-PDCCH interleaving means that there may be several R-PDCCHs multiplexed together in one PRB, and hence RBs carrying R-PDCCH are cell-specific to RNs. Then, R-PDCCH demodulation should be based on non-precoded RS 

2.1.1 FDM

In FDM, R-PDCCHs span over the entire data region of backhaul subframe, and hence Rel-8 CRS can be directly used for demodulation of the interleaved R-PDCCHs.

When transmission of R-PDCCH is scheduled in MBSFN subframe, there will be no CRS transmitted in backhaul link. A straightforward method is to transmit CRS only in RBs occupied by R-PDCCH. Strictly speaking, CRS described here is different from CRS defined in Rel-8, and its purpose is solely for R-PDCCH demodulation although Rel-8 CRS patterns are reused in those dedicated RBs. Thus, we call it special CRS, or S-CRS. S-CRS transmitted in backhaul RB pairs could support 4 antenna transmit diversity, which is shown in Figure 1. Since in-band relay cannot receive the first several OFDM symbols in eNB L1/L2 control region, RS density for port 2 and 3 seems a little sparse in 4 antenna transmitting mode according to Rel-8 specification. This problem existed also in non-MBSFN (normal) subframe. We will show the link level simulation results in Appendix. Another problem of S-CRS is it induces different demodulation mechanisms in different subframe types, i.e. in normal subframe Rel-8 CRS are used for R-PDCCH demodulation while in MBSFN subframe only S-CRS in dedicated RBs could be used for R-PDCCH demodulation.
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Figure 1: examples of S-CRS pattern applied for MBSFN subframe,

with FDM multiplexing scheme in backhaul

Another solution is to introduce new RS for R-PDCCH demodulation. New RS is non-precoded since R-PDCCH interleaving is cell-specific. In this case a straightforward way is to reuse Rel-9/10 DMRS pattern, as shown in Figure 2. Details of how to apply DMRS pattern in Figure 2 for transmit diversity need be further studied.
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Figure 2：DMRS pattern for subframe with normal CP length
2.1.2 TDM+FDM

This scheme is similar to Rel-8 PDCCH and the only difference is that R-PDCCH occupies partial frequency resources. Compared with scheme described in Section 2.1.1, TDM+FDM would result in wider distribution in frequency domain to provide more frequency diversity. Another advantage of TDM+FDM is the shorter decoding latency.

As described in previous sections, interleaved R-PDCCH needs non-precoded RS for demodulation. There are also two possible solutions for R-PDCCH demodulation.

i) Transmitting CRS in partial resources.

In the previous RAN1 meetings, some companies recommended that CRS could be transmitted in resources which are used for R-PDCCH transmission [2, 3], and we still name it S-CRS. Assuming that R-PDCCH occupies the last 4 OFDM symbols in the first slot, three potential S-CRS patterns are shown in Figure 3. The motivation of enumerating S-CRS pattern in Figure 3-(c) is that RS in the 12th OFDM symbol shown in Figure 3-(b) seems no obvious benefit to R-PDCCH demodulating, causing 4 OFDM symbol decoding latency, i.e. RN could start the decoding after received the 8th OFDM symbol in pattern 3-(c). S-CRS pattern plotted in Figure 3-(a) may not be dense enough in some channel scenarios.

Simulations are carried out to compare the performance of different S-CRS patterns and the results are shown in Appendix. In previous RAN1 #59bis meeting we submitted a contribution [4] with link level performance based on ITU UMa fast fading models [5]. In this contribution, link level simulations carried out are all based on the backhaul fast fading model described in [6]. It is seen from the simulation results that performance of RS pattern 3-(a) is the worst while pattern 3-(c) show minor performance decrease compared with pattern 3-(b). Note that pattern 3-(a) and pattern 3-(c) do not support 4 antenna transmit diversity. More parameters and descriptions of simulation are shown in Appendix.
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Figure 3: Examples of S-CRS pattern in MBSFN subframe

ii) Transmitting new demodulation RS.

New demodulation RS discussed here is not exactly the same as Rel-10 DMRS since it is non-precoded. We could study that if it is feasible to reuse some design principles of Rel-10 DMRS. For example, to take Rel-10 DMRS pattern in the first slot as new demodulation RS for R-PDCCH demodulation. 

Pros of scheme i) is that its specification work is small and S-CRS will not impact the transmission of DMRS for R-PDSCH; Its cons is the same as described in Section 2.1.1, e.g., different demodulation mechanisms for different subframe types: Rel-8 CRS are used for R-PDCCH demodulation in normal subframe while S-CRS in dedicated RBs could be used for R-PDCCH demodulation in MBSFN subframe. Pros of scheme ii) is that the same RS are used for R-PDCCH demodulation irrespective of subframe types; Its cons is new RS for R-PDCCH demodulation may pose some limitation on R-PDSCH transmission, for example, if RS in 1st slot are used for R-PDCCH demodulation, demodulation of R-PDSCH will rely only on DMRS in 2nd slot, which seems difficult to support 8-layer transmission.

2.2 R-PDCCH without interleaving
R-PDCCH could also be transmitted without interleaving. In this case, both pure FDM and TDM+FDM can be considered.
Pure FDM multiplexing without interleaving implies that the unit of R-PDCCH may be RB pair, i.e. one or several RB pairs are used for an R-PDCCH. In this case, precoding could be used, to enhance SINR of R-PDCCH through beamforming. Rel-9/Rel-10 DMRS pattern can be reused for R-PDCCH (Figure 1), RS and R-PDCCH data are subject to the same precoding operation. However, resources used for an R-PDCCH transmission may at least be an RB pair to facilitate precoding operation, leading to inefficient usage of resource.

At the same time, R-PDCCH transmitted without interleaving based on TDM+FDM multiplexing was also discussed [1]. The process would be quite different compared with Rel-8 PDCCH, and the indication of semi-static configured R-PDCCH resources seems complicated, as well as the R-PDCCH RS design aspect.

In this section we discussed the RS targeting R-PDCCH demodulation, based on the interleaving choice and multiplexing scheme options currently in discussion for backhaul. More simulation details are shown in Appendix.

3. Conclusion

In this contribution, we further discussed the design of RS for R-PDCCH demodulation in conjunction with interleaving and multiplexing scheme in backhaul. According to the discussions and simulations, we propose that interleaving should be adopted to maximize the reuse of Rel-8 functionality and to improve frequency diversity. And with R-PDCCH interleaving in mind, we slightly prefer new demodulation RS over S-CRS for R-PDCCH demodulation, i.e. to achieve same demodulation performance irrespective of subframe types. Details need be further studied and evaluated.
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Appendix. Simulation Parameters and Results
Link level simulations are carried out to verify various schemes being studied. In RAN1 #59bis meeting, fast fading model in Urban Scenario was recommended in [6] which is to be used in the following simulations, including both NLOS and LOS scenarios.
In the simulations, resources assigned for R-PDCCH are uniformly distributed in frequency domain, 4 RBs for FDM and 10 RBs for TDM+FDM. R-PDCCH spans over the last 11 OFDM symbols in a subframe for FDM and over the last 4 OFDM symbols in the first slot for TDM+FDM.

A.1 Performance of S-CRS (CRS) in FDM multiplexing with interleaving
Because in-band relay cannot receive the first several OFDM symbols in a subframe transmitted by eNB, RS density for port 2 and 3 shown in Figure 1 seems a little sparse in 4 antenna transmitting mode according to Rel-8 specification, i.e. they are only located in the 1st OFDM symbol of the 2nd slot. Simulations are carried out to verify the performance.

Simulation results shown in Figure A.1 are the comparison of 4x2 SFBC+FSTD and 2x2 SFBC, based on ideal channel estimation. From the figures it is seen that 4x2 shows minor performance gains compared with 2x2, both in NLOS and LOS scenarios. 
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Figure A.1: Demodulation performance of R-PDCCH with different antenna configuration,

 based on ideal channel estimation
While in Figure A.2, the simulation results are based on realistic channel estimation (2DMMSE), demodulation RS are based on S-CRS shown in Figure 1, i.e. only CRS in R-PDCCH RBs are used for channel estimation. Considerations to do these assumptions are based on taking into account of transmission in MBSFN subframe (note that there is no consensus about RS transmission schemes in MBSFN subframe yet, so this is just an assumption). More simulation parameters are shown in Table A.1. It is seen from the results that 4x2 leads to severe performance decrease compared with 2x2, especially in NLOS scenario.
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Figure A.2: Demodulation performance of R-PDCCH with different antenna configuration, 

2D MMSE channel estimation based on S-CRS pattern
Therefore, if S-CRS pattern is considered for R-PDCCH demodulation, performance degradation in 4 antenna transmitting mode should be studied. Note that this problem is also existed in normal subframe if antenna port number of eNB is configured as 4, although the problem may not be so severe due to the full bandwidth CRS.
A.2 Simulation about demodulation RS of TDM+FDM multiplexing with interleaving
Performances of three types of S-CRS pattern are shown in Figure 3. Backhaul multiplexing scheme is TDM+FDM and channel estimation algorithm is 2D-MMSE. Results shown in Figure A.3 are based on 2x2 SFBC. More simulation parameters are shown in Table A.1.
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Figure A.3: R-PDCCH demodulation performance based on different S-CRS type: 2x2 SFBC
From the simulations it is seen that performance of RS pattern 3-(a) is the worst while pattern 3-(c) shows minor performance degradation compared with pattern 3-(b).
Table A.1: R-PDCCH simulation parameters

	Configurations
	Values

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10 (available RB num = 50)

	Frame structure
	LTE R8 FDD Normal CP

	Transmission Mode
	LTE transmit diversity (SFBC)

	Modulation scheme
	QPSK

	R-DCI payload
	40 bits (including 16 bits CRC)

	Channel coding and rate

matching
	Same as Rel-8 PDCCH

	R-PDCCH interleaver
	Rel-8 PDCCH interleaver

	RN deployment
	Fixed

	Propagation model
	NLOS and LOS scenarios, detailed parameters are listed in R1-100559.

	#Antennas
	2×2、4×2 (CRS port 0 &1 &2 &3)

	eNB antenna configuration
	Diversity, 4 vertical pol (
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l

spacing)

	# R-PDCCH usage resource
	4 RBs and 11 OFDMs for FDM multiplexing; 10 RBs and 4 OFDMs for TDM+FDM (Random complex Gaussian distributed values in all other symbols).

	R-PDCCH RB assignment
	Uniformly distribution

	Channel estimation
	Ideal or 2D MMSE, depending on the simulation scenarios

	# simulation TTI
	10000 (Simulation in each TTI is independent)
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