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1 Introduction

In RAN1#60bis we discussed the start times of the R-PDCCH as well as the start times of the (R-)PDSCH. Two basic alternatives have been identified with the aim to down-select them during RAN1#61. This contribution discusses the identified alternatives.
2 Background 

The way forward paper [1] was modified and agreed as follows:

· The following are valid for DL timing Case 1, Case 2, and Case 3.

· R-PDCCH starts at symbol s1.

· (R-)PDSCH starts at symbol s2 in PRB(s) not containing R-PDCCH.

· Alt 1

· s1 is fixed to symbol #3.

· s2 is configurable in the range m ≤ s2 ≤ 3.

· RN is informed of s2 via

· Alt 1-1: R-PDCCH.

· Alt 1-2: High-layer signaling.

· Alt 2

· s1 and s2 are (semi-)statically configured in the range m ≤ s1 = s2 ≤ sx where sx ε {3,4,5} (FFS).
3 Discussion
3.1 Alternative 1-1
With Alt. 1-1 the eNB dynamically signals the (R-)PDSCH start symbol via R-PDCCH. The R-PDCCH start symbol is fixed to symbol #3.

In relay-enhanced LTE networks the start symbol of the (R-)PDSCH depends on the size of the L1/L2 control region at the donor eNB, on the size of the L1/L2 control region at the RN, on the signal propagation delay between eNB and RN and on the required Tx-Rx switching time at the RN. 

The last two parameters are deployment specific and do not vary dynamically. The size of the L1/L2 control region in Un (MBSFN) subframes at the RN does not vary dynamically because in MBSFN subframe no DL assignments are issued by the RN and depending on the Un subframe allocation no UL grants are issued as well [2]
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[3]. The size of the L1/L2 control region at the donor eNB depends on the ratio of required PDSCH to PDCCH resources in Un subframes. Relays will have a high and relatively constant traffic demand due to the traffic aggregation of multiple UEs and relays can be scheduled in Un subframes only. Hence, Un subframes will be constantly used to serve RNs with high traffic demands and consequently the PDCCH load in Un subframes will be rather constant (and rather low) as well. 
Since none of the parameters influencing the (R-)PDSCH start symbol varies dynamically, a dynamic signaling does not provide any gain. It only consumes costly R-PDCCH resources. 
3.2 Alternative 1-2

With Alt. 1-2 the eNB configures the (R-)PDSCH start symbol via higher layers. The R-PDCCH start symbol is fixed to symbol #3.
With respect to complexity, a configurable (R-)PDSCH start symbol requires higher layer signaling between eNB and RN. Since the start symbol depends on long-term characteristics, e.g., number of RNs served in Un subframes, this signaling causes minor overhead. 
The R-PDCCH start symbol is fixed in order to reduce complexity. However, since the (R-)PDSCH start symbol is configurable, the required higher layer signaling to configure the start symbol will be specified anyway. So the configured start symbol can be used for the R-PDCCH as well without any additional signaling complexity. 
3.3 Alternative 2 

With Alt. 2 the eNB configures both, the R-PDCCH and the (R-)PDSCH start symbol semi-statically via higher layers.
With respect to complexity, both, data and control channels, can use the same signaling for configuring its start symbol. This is equally complex as the signaling scheme required for Alt.1-2. The start symbol depends on long-term characteristics so that the corresponding signaling causes minor overhead. 

With respect to resource efficiency Alt. 2 allows using the maximum number of DL symbols for both, data and control channels. This is highly beneficial since in the current R-PDCCH design the first part for DL assignments is shorter than the second part for UL grants and a configurable start time could increase the first part. 
3.3.1 Range of start symbols – direct RN-RN interference
During the discussions concerns were raised that direct RN-RN interference could cause serious problems in backhaul subframes since a backhaul subframe has the same setup than a special subframe in TDD. In order to mitigate direct RN-RN interference it was proposed to increase the set of the latest start symbol from symbol #3 to #4 and even #5.

Similar to the special subframe in TDD, a backhaul subframe starts with a Tx phase (RN L1/L2 control or DwPTS), it has a Tx-Rx switch in the middle (unused symbols or guard period) and it ends with a Rx phase (R-PDxCH or UpPTS). However, unlike TDD special subframes, where all network nodes perform a transition from Tx to Rx, only RNs transit from Rx to Tx in a backhaul subframe. eNBs continuously transmit. They don’t change the communication direction in backhaul subframes. This is the case in backhaul subframes of TDD as well as FDD networks. 
eNB-RN interference is caused by eNBs with high Tx power (up to 46 dBm), with potentially good channel conditions (low pathloss due to short distance, high LOS probability due to above rooftop deployment). Finally, eNBs continuously transmit over the entire subframe so that all Rx symbols of a backhaul subframe are interfered. 
Direct RN-RN interference occurs only when the transmitted signal of the L1/L2 control region of a co-channel RN (“relay Rx - I” in Figure 1) interferes with the received carrier signal of the R-PDxCH at a given RN (“relay Rx - C” in Figure 1). Due to the unused DL symbol, which serves the purpose of Tx-Rx switching at the RN, direct RN-RN interference occurs only if the RN-RN signal propagation delay is larger than one symbol duration minus the switching time, see Figure 1. With a symbol duration of approx. 70µs and a switching time of approx. 10µs, the RN-RN distance has to be larger than ~18km (signal propagation delay > 60µs). In that case a fraction of the first Rx symbol is interfered, see Figure 1. In order to interfere the first Rx symbol entirely, the RN-RN distance has to be significantly larger. 

[image: image1]
Figure 1
Direct RN-RN interference in backhaul subframe
Direct RN-RN interference is caused by RNs with low to medium Tx power (~20 to ~37 dBm). Channel conditions are bad due to very high pathloss (> ~18km) and due to negligible LOS probability (due to below rooftop deployment of RNs). Note that only the pathloss difference between an eNB at 500m and a RN at 18km is larger than 70dB even with LOS and ideal free space propagation. 
The interference scenario of a cellular network showing eNB-RN and direct RN-RN interference is illustrated in Figure 2. It seems obvious that the interference level seen by a RN in backhaul subframes is dominated by eNB interference. Note that this kind of interference is inevitable in reuse-1 systems and LTE has been design to cope with such interference; UEs see this interference in all subframes (Uu and Un). The contribution of direct RN-RN interference is negligible
. 

[image: image2]
Figure 2
Interference scenario showing eNB-RN and direct RN-RN interference

Following the discussion above, it is not required to increase the number of unused symbols in backhaul subframes for the purpose of mitigating direct RN-RN interference. The range of potential start symbols can be smaller or equal to symbol #3.
4 Summary & Conclusion

Based on the discussion in chapter 3 we prefer Alt 2 for the start timing of Un channels, where s1 and s2 are (semi-)statically configured in the range  s1 = s2 ≤ DL symbol #3.
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� Due to the huge pathloss difference the contribution of direct RN-RN interference is negligible even if RN have the same Tx power than eNBs and even if RNs are deployed above rooftop.
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