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Introduction

There have been discussions and agreements on backhaul reference signal design as well as DL backhaul timing in previous Ran1 meetings [1]

 REF _Ref260139940 \n \h 
[2]. In this contribution we present further discussions on backhaul reference signal design based on previous agreements. 
Backhaul Timing
During Ran1 #69bis meeting, there have been some agreements on DL backhaul timing. Specifically the following has been agreed 

· Cases 1 and 3 are supported (no change to definition of case 1 compared to previously agreed definition)

· The support of case 2 is still under consideration depending upon RAN4 inputs

· Case 4 is FFS

The above mentioned cases for DL backhaul timing were described in [3], and the agreements are subject to a few points as stated in [2]. As discussed in‎[4], symbol #3 (4th symbol in the subframe) is available for backhaul under most practical cases. For DL timing case 1 symbol #13 is available for backhaul, while for case 3 symbol #13 is not available due to propagation delay and RN’s switching time. Furthermore, for ISD beyond 15km symbol #12-#13 will not be available for DL timing case 3. Therefore, in practice it makes sense to limit the use of case 3 for such large ISD from backhaul efficiency perspective. Based on the above discussions, the number of backhaul symbols for practical scenarios can be summarized in Table I. 

Table I Number of backhaul symbols for different cases

	
	ISD

	
	< 15km
	>15km

	DL Timing
	Case 1
	#3 - #13
	#3 - #13

	
	Case 3
	#3 - #12
	N/A


Backhaul reference signal design shall take the above backhaul symbol availability into consideration. 
Backhaul Reference Signal Design
During Ran1 #60 meeting [1] the following has been agreed, i.e., 

· For R-PDCCH,

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.

· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH

Based on the above agreement, both CRS and DM RS shall be supported for backhaul control and data transmissions. As discussed in one accompanying paper [4], the two types of reference signals are targeting on different use cases. More specifically, CRS can be used when R-PDCCHs are jointly interleaved with frequency distributed mapping, while CRS or DM RS can be used for frequency localized R-PDCCH mapping without any joint interleaving. In the following we discuss CRS and DM RS for R-PDCCH, respectively. In the end of the section we also discuss reference signal utilization for Un data transmissions. 
· Rel-8 CRS for R-PDCCH

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. In one subframe Rel-8 CRS (assuming CRS port #0 and #1) are presented in symbol #0, #4, #7, and #11. Based on Table I only CRS within symbol #4, #7 and #11 are available for R-PDCCH detection. In the following we discuss on the performance of R-PDCCH based on full or partial CRS in one subframe. 
Figure 1 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 is 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 localized 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 compared 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 compared to localized 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. 
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Fig. 1. R-PDCCH detection with CRS-based channel estimation

· DM RS for R-PDCCH

In figure 2(a) one example of Rel-10 DM RS pattern is shown. According to Table I, such Rel-10 DM RS pattern may not be feasible for all DL timing cases. 
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Fig. 2
Example of Rel-10 DM RS pattern, rank 1 & 2

In the following we propose a few rules for backhaul DM RS design. 

· Rule #1: DM RS shall be limited to symbol #3 - #12

· For DL BH timing case #3, symbol #13 is unavailable. Limited DM RS to #3-#12 allows for unified DM RS design for different DL timing cases. 
· Rule #2: DM RS shall be presented in both slot #1 and #2.

· For good performance of R-PDSCH.

· Rule #3: DM RS shall not collide with Rel-8 CRS in the same TTI. 

· In order not to complicate power boosting of RS.

Based on these rules it seems a good choice to use a DM RS pattern for rank one and two as described in Figure 3. Thus we have the following proposal

Proposal #1 Consider DM RS pattern shown in Fig. 3 as baseline for backhaul transmissions with rank one and two. 

There may be issues when combining such an approach with CSI-RS: While no final conclusions have been taken yet, these might also be allocated to OS #10.Then there may be collisions with the pattern shown in Fig.3. In that case the DM RS placement for relays should be reconsidered in order to avoid such collisions.

If such collisions turn out to be absolutely unavoidable, there may be another option to avoid collisions on a subframe basis: Neither CSI-RS nor R-PDCCH will need to be present in each subframe, so collisions could be avoided also by using them in different subframes: CSI-RS may be transmitted with a periodicity of up to 2ms, 5ms or 10ms or a multiple thereof. For the most demanding case of 2ms we can schedule backhaul transmission on the remaining subframes i.e. either on even or odd subframes. Such strategies are already discussed for HARQ purposes as well ‎[5], as this will reduce the impact on HARQ operation on the access link between UE and RN, because then there is no impact to either odd or even HARQ processes due to MBSFN subframes configured at the RN. For the case of 5ms repetition of CSI-RS (and similarly for 10ms or any multiple thereof), the CSI-RS subframes can be aligned with the subframes that are ineligible for MBSFN at the RN anyhow and thus collisions can be avoided. However, this still somehow limits the flexibility of resource partitioning so ideally designs that already avoid collisions within a subframe are preferable. In that case we propose to revisit the pattern for further optimization.  
Details of DM RS such as sequence generation can reuse Rel-9 DM RS design. Backhaul transmissions with rank higher than two will be discussed in the next section. 
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Fig. 3
Proposed DM RS pattern for backhaul link, rank 1 & 2

In this case early decoding of DL grant in 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, in particular if R-PDCCH is using rank1 transmission only and is therefore more robust while R-PDSCH may also use higher rank transmission. 

In case UL grant is transmitted on R-PDCCH in the 2nd slot for the same RN, both DM RS in the first slot and second slot may be used for channel estimation. 

In case data is transmitted on R-PDSCH in the 2nd slot for the same RN, DM RS in the first slot and second slot may be used for channel estimation. 

On Rank of R-PDCCH Backhaul Transmissions
In this section we discuss on rank for backhaul control for DM RS cases with frequency localized mapping. 

There is need to ensure that all relays within the DeNB cell coverage can detect the R-PDCCH. Failure to do so will significantly impact the performance of R-PDSCH due to missed DL assignments and R-PUSCH due to missed UL grants. In addition, HARQ operations for the DL backhaul and UL backhaul will be impacted, which in turn will lead to a bottleneck for the relay access link due to the backhaul link not operating efficiently. With these considerations, rank one for R-PDCCH is preferred to ensure that all relays within the DeNB cell coverage, including relays on the DeNB cell edge, can detect it.  
Proposal #1 rank 1 for R-PDCCH is the baseline. 

The backhaul link can be considered to be stable since the relays are fixed. Further, relays relatively closer to the DeNB may on average experience higher backhaul link quality, which could allow rank 2 transmission of the R-PDCCH. However, the use of rank 1 and rank 2 would increase significantly the R-PDCCH search space complexity. The relay will first need to do blind decoding first assuming rank 1 transmission, and then assuming rank 2 transmission, which results in the doubling of the blind R-PDCCH decoding attempts at the relay. The increase in R-PDCCH detection complexity could be avoided if the relay could know a priory the rank of the R-PDCCH transmission. More specifically, the rank for R-PDCCH may be indicated by higher-layer signaling. The R-PDCCH may include a rank 1 candidate for possible back off to handle RRC reconfiguration time uncertainty. The default rank 1 R-PDCCH region could be defined statically. 

For localized mapping the search space will be defined by rank, PRB set and CCE aggregation level. For simplicity, one CCE may contain 24 REs in a PRB for R-PDCCH, with the relay assuming these REs are considered punctured during R-PDCCH encoding and rate matching in case some REs are used for CRS or DM RS. This allows CCE aggregation level #1 or #2 within a PRB assuming rank 1 for R-PDCCH [4]. Higher CCE aggregation level #4 within a PRB is possible assuming rank 2 for R-PDCCH. Such higher CCE aggregation level would free symbols in the first slot for the R-PDSCH transmission, resulting in a higher DL backhaul efficiency. For example, consider aggregation level #2 using symbols #3, #4 within a PRB is not sufficient to allow correct R-PDCCH detection. Rank 1 R-PDCCH transmission with CCE aggregation level #4 will use symbols #3, #4, #5, #6 within a PRB; whereas rank 2 R-PDCCH transmission with CCE aggregation level #4 will use symbols #3, #4 as can be shown in CCE mapping illustration given in [4]. This may be sufficient to allow correct reception of R-PDCCH, which will free symbols #5 and #6 in the first slot for the transmission of the R-PDSCH over the DL backhaul. 

With the above considerations, rank 2 for R-PDCCH for relays within the DeNB cell coverage experiencing relatively higher backhaul link quality could be considered if 
(i) the higher-rank transmissions can be shown to provide significant performance gains; 
(ii) R-PDCCH search complexity is not increased significantly.

Proposal #2: Necessity of Rank 2 for R-PDCCH needs careful studies.
Conclusion

In this paper we discussed on DM RS design for backhaul transmissions. One DM RS pattern as shown in Fig. 3 was proposed as baseline for backhaul transmissions with rank one and two. This pattern may need to be reconsidered to avoid collisions of backhaul DM RS with CSI-RS.
We further discussed on rank of backhaul transmissions, for which we have the following proposal
Proposal #1 Rank 1 for R-PDCCH is the baseline. 

Proposal #2: Necessity of Rank 2 for R-PDCCH needs careful studies.
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