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Introduction

In 3GPP Ran1 #59bis meeting, there have been some discussions on backhaul design for Type I relay targeting LTE Rel-10[1]. Further discussions took place in RAN1#60[2]. It was agreed that CRS and R10 DM RS may be used to demodulate the R-PDCCH on the normal subframe configured for the DL backhaul. In this contribution, more discussions are presented on several aspects regarding DL backhaul control channel design. 
DL Backhaul Timing
In [3] a WF is agreed on several DL backhaul and access timing options for further considerations, and in [4] we further discuss on these options for various cases. The backhaul design clearly depends on the number of OFDM symbols which are available for its transmissions. For example, symbol #3 - #13 are available for backhaul with case #1, while several symbols have to be punctured in the end of the subframe with case #3 depending on the ISD between DeNB and RN and also the RF switching time Ts of RN [3]. 
It is therefore necessary to investigate how a variable backhaul symbol number impacts the specification for type I relay in LTE Rel-10, in particular the backhaul control channel design.

In addition, an LS [5] has been sent out to Ran-4 on the requirement of Ts in possibly different scenarios. In this contribution we assume Ts is about 20us [4]. However, the issues discussed below are not limited by any requirement on RN switching time. 
On R-PDCCH interleaving

In [6] it has been agreed that R-PDCCH transmitter processing should reuse Rel-8 functionality to the extent possible. In [7] it is pointed out that reusing extensive joint interleaving as Rel-8 may lead to the following issues
-Inefficiency for multiplexing backhaul and macro DL transmissions in the frequency domain

-Reduced frequency diversity gain due to rather flat channel fading and good geometry compared with the direct link. 

 Hence, assuming DeNB is able to get rather accurate channel state information (CSI) on the backhaul link for the fixed relays, it is preferable to schedule resources with localized resource mapping for R-PDCCH without joint interleaving of multiple RNs’ control channels [7]. Based on the above discussions we reformulate our proposal in [7] as the following:

Proposal #1

For localized resource mapping there is no need for joint interleaving of R-PDCCHs.
For such localized mapping frequency scheduling gain may be available for R-PDCCH, which eventually saves more resources for backhaul data. Localized mapping without any joint interleaving also fits well into the hybrid TDM+FDM type of multiplexing among backhaul control and data, since pure FDM in the case will lead to significant resource waste for R-PDCCH [8]. 

For proposal #1 it is not necessary to adopt a Rel-8 like CCE structure for R-PDCCH. Instead a simpler design where a frequency first mapping of R-PDCCH is utilized on the scheduled PRB(s) for a certain RN may be considered. In this case, the R-PDCCH resources can be rate matched to be a multiple of 12 REs (including reference signal REs if any) for better splitting of the resources between R-PDCCH and R-PDSCH for the same RN [6]. 
On the other hand there may be scenarios where Rel-8 CCE-based control channel arrangement and joint interleaving can be fully re-used. In these scenarios it is expected that distributed resource mapping may be of higher efficiency compared with localized method. For example, for some RNs the CSI on backhaul link may not be available at the DeNB. This is possible in case where RN is in initial access stage into the network, or RN location is not well-planned so that the backhaul link is unstable. There could be other cases where distributed mapping is favored, e.g., when there are several RNs with only UL grant to be transmitted over backhaul in the TTI, or for moving RN with varying backhaul link. It needs to be further investigated whether the above mentioned scenarios are only corner cases which do not deserve special consideration in backhaul design targeting LTE Rel-10 relay. Based on the above considerations, we have one more proposal as the following.
Proposal #2

For distributed resource mapping joint interleaving as in Rel-8 shall be reused for R-PDCCHs.

For proposal #2 the R-CCE arrangement shall reuse Rel-8 design. Furthermore, for backhaul the Rel-8 REG definition can be reused as a basic granularity for joint interleaving. The R-CCE size in terms of REGs shall be FFS by taking into account the backhaul geometry and R-PDCCH BLER operation point. 
R-PDCCH and R-PDSCH multiplexing

In [8] we have proposed a hybrid TDM+FDM type of multiplexing among R-PDCCH and R-PDSCH in the backhaul subframe. 
· RN energy saving and R-PDCCH decoding latency
In hybrid TDM+FDM, in case CRS are used over the backhaul or DM RS in the first slot is sufficient for detection, the RN can save energy by switching off the receiving chain right after determining there is not any assignment from DeNB in the TTI. It can be seen from the example in Fig. 1 that with hybrid TDM+FDM the R-PDCCH decoding latency is about eight OFDM symbol shorter compared with pure FDM assuming for the former only CRS in OFDM symbol #4 is utilized for R-PDCCH decoding. More discussions are presented in the following regarding this aspect. Furthermore for pure FDM there is issue on memory utilization, because much more data have to be buffered before the determination of DL assignment in R-PDCCH. Further, pure FDM method forces the DeNB to transmit during the whole subframe configured for the backhaul, even in the scenario where no macro-UE PDSCHs and no R-PDSCHs are scheduled on the TTI. 

[image: image1.emf]#0#1#2#3#4#5#6#7#8#9#10#11#12#13

GP

R-PDCCH

R-PDSCH

latency

latency

FDM

Hybrid


Fig. 1
R-PDCCH decoding latency for different multiplexing options, for hybrid symbol #3-#5 are for R-PDCCH and for pure FDM it is assumed that #13 is available for backhaul

· Different backhaul symbol numbers for different RNs
As discussed in [3] there are scenarios where different RNs may have a different number of receivable backhaul symbols due to the fact that

· Different number of RN cell PDCCH symbols in the subframe (Fig. 2-a), or

· Different ISD between RN and DeNB in cases where there is a need for tight alignment between the nodes (Fig. 2-b).
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(a) N_PDCCH_symbol_RN#1 = 1, and N_PDCCH_symbol_RN#2 = 2, delay-based timing alignment
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(b) ISD_DeNB_RN#1 < ISD_DeNB_RN#2, tight alignment

Fig. 2 Different backhaul symbol numbers for the RNs

Fig. 2 assumes joint interleaving of R-PDCCHs for RN#1 and RN#2 for a comparison of hybrid FDM+TDM and pure FDM R-PDCCH and R-PDSCH multiplexing methods. In these cases it would be desirable from backhaul efficiency point of view to rate match the R-PDSCH to make use of all the available symbols. For the hybrid multiplexing the R-PDCCH can still be transmitted on the commonly available OFDM symbols as usual. However for a pure FDM approach, it would be necessary to also adapt the R-PDCCH design to the number of available symbols which would introduce additional complexity compared to Rel-8. This may be particularly difficult if R-PDCCHs for different RNs should be interleaved together, but the RNs have different available OFDM symbols. Then the exact placement of REs for R-PDCCH for RN1 may depend not only on the available symbol for RN1 but also on the available symbols for RN2 which will make the design quite complex and lead to numerous variations. In this case, the optimized FDM multiplexing becomes practically a hybrid TDM+FDM multiplexing among R-PDCCH(s) and R-PDSCH as shown in Fig. 2.  
· R-PDCCH search complexity for single RN
In case joint interleaving of R-PDCCHs is not used (i.e. only RN #1), higher CCE aggregation may be done across OFDM symbols within a PRB or across a smaller set of PRBs. Once the RN has performed initial access to DeNB, R-PDCCH transmission could be preconfigured by higher layer signaling on some pre-defined PRBs to reduce the R-PDCCH search space complexity. The R-PDCCH search space can be RN common or specific. In case it is specific the search space for RNs can overlap. As no joint interleaving is used and R-PDCCH is only mapped to a few OFDM symbols within the PRB, the R-PDCCH complexity in Hybrid FDM+TDM method may be kept relatively low compared to pure FDM method.    
An example of mapping CCEs to physical resources for rank-1 R-PDDCH is shown in Figure 3. In practice RN only needs to try the CCE aggregation levels which are equal or larger than the number of PRBs. For the example shown in Fig. 3(b) the remainder part of symbols within the 1st slot shall be available for R-PDSCH. In case CCE aggregation levels #1 or #2 are sufficient, the R-PDCCH may only be transmitted in a single PRB #k as shown on Fig. 3.a. This could be indicated by higher-layer signaling to keep the R-PDCCH search space complexity to a minimum in the RN.
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(a) two CCEs mapped to PRB #k
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(b) Two CCEs mapped to PRB pair #k and #k+1
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(c) Four CCEs mapped to PRB pair #k and #k+1
Fig. 3 Example of CCE mapping to physical resources
The CCE size for R-PDCCH shall be equal to the number of REs in two OFDM symbols in a PRB not including any REs for RS. The number of Resource Elements (RE) per PRB is linked with the RS mode (i.e. CRS or DM RS) and is assumed to be known implicitly by the RN (e.g., via higher layer configured transmission mode). Assuming R-PDCCH starts from 4th OFDM symbol (OFDM symbol #3), one CCE in this case contains these 24 REs in a PRB assuming rank 1 for R-PDCCH for the cases without any REs used for RS. In cases where RS REs are present in the two PRBs of a CCE, RN can assume these REs are considered punctured during R-PDCCH encoding and rate matching.

 As proposed above, localized mapping seems preferable assuming reliable CSI over the backhaul link is available for DL packet scheduling.
Based on the above discussions we reformulate our proposal in [8] as the following:

Proposal #3 

Hybrid TDM+FDM is supported for R-PDCCH(s) and R-PDSCH multiplexing.
Proposal #4 

Available symbols before start and after end of R-PDCCH shall be used by R-PDSCH.
Reference signal for Backhaul Control
One important scenario we see for backhaul design is where a macro cell needs to support many Rel-8/9 legacy UEs along with Rel-10 RNs to solve the coverage for a relative smaller number of UEs. For the above scenario, it is clear that CRS needs to be presented in the subframe, while any inclusion of DM RS means extra overhead on top of CRS. 
Figure 4 shows the R-PDCCH BLER performance with full CRS (4 CRS OS used) and partial CRS (1, 2, or 3 CRS OS used) with Hybrid TDM+FDM multiplexing of R-PDCCH and R-PDSCH on the DL backhaul subframe. In the simulation, 1Tx and 2Rx are assumed and the number of REs used for R-PDCCH equal to those of three Rel-8 CCEs. The R-PDCCH payload size is 50bits, which means an effective code rate of around 0.23. Both frequency distributed and localization mappings are considered, and it is further assume that OS #3 and #4 in each allocated PRB are for R-PDCCH transmissions. Channel estimation using partial CRS with 3 or 2 CRS symbols per TTI only showed marginal loss of about ¼ dB compare to channel estimation using full CRS with 4 CRS OS. Distributed placement of R-PDCCH with joint interleaving has only marginal gain of about ½ dB compare to localised placement without joint interleaving. The R-PDCCH detection and decoding may then start after CRS OS #0 in 2nd slot has been received assuming 2 CRS OS are used by the channel estimator. 
Further, practical implementation of channel estimator may interpolate CRS OS in previous backhaul subframe and current backhaul subframe. It is expected that with such CRS interpolation across multiple TTIs, the performance of having only 1 CRS OS per TTI is comparable with the cases of 2 or 3 CRS OSs assuming fixed RN and stable backhaul link. Note that in FDM multiplexing of R-PDCCH and R-PDSCH on the DL backhaul subframe, detection and decoding of R-PDCCH may only start at the end of the subframe, which has significantly longer decoding latency than in the Hybrid scheme and doesn’t allow RN and DeNB energy savings as outlined above. 
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Fig. 4. R-PDCCH detection with CRS-based channel estimation
For the case where DeNB cell is also configured as a MBSFN subframe, DM RS is likely to be utilized. In this case early decoding of R-PDCCH is still feasible when DM RS in the first slot is sufficient for channel estimation. This is relevant since typically the backhaul link is with higher LoS probability and good geometry. 
Conclusion

In this contribution we present discussions on backhaul design aspects. Based on the discussions, we make the following proposals.
Proposal #1

For localized resource mapping there is no need for joint interleaving of R-PDCCHs.
Proposal #2

For distributed resource mapping joint interleaving as in Rel-8 shall be reused for R-PDCCHs.
Proposal #3 

Hybrid TDM+FDM is supported for R-PDCCH(s) and R-PDSCH multiplexing.
Proposal #4 

Available symbols before start and after end of R-PDCCH shall be used by R-PDSCH.
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