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1. Introduction

In last meeting, two way forwards on downlink and uplink timing relationship between Un and Uu link are agreed, resulting in listing up possible timing cases in each link. However, some of them don’t seem to be adequate for backhaul timing, so we analyze the cases one by one in feasibility and specification impact perspective, and then suggest our preference.
2. Downlink Timing Alternatives
2.1. Case 1

In Figure 1, it shows Case 1 in [1] where the negative timing offset on top of conventional propagation delay is intentionally introduced to increase the number of available symbol in Un downlink. If the number of PDCCH symbol in Uu downlink is 2, the available number of symbols for Un downlink becomes 11, which is larger than the case in which RN DL RX subframe boundary is quite well-aligned RN DL TX subframe boundary, i.e. no additional timing offset is applied.  However further study is required how to support Joint Transmission between eNB and RN or MBSFN service. Basically, if the switching time is not much shorter than cyclic prefix, this can be supported as an baseline among downlink timing proposals.
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Figure 1: Introducing a fixed timing offset (To) in addition to propagation delay (Tp)

2.2. Case 2
This option will be valid only if the switching time is very shorter than cyclic prefix. In other words, it is valid only for the case when just the remaining time excluding the switching time can play an original role of cyclic prefix, which should be able to combat multipath by making channel estimation easy. This option is quite dependent on the switching time, so it couldn’t be supported for all of relay capabilities. Meanwhile there is a way to co-exist Case 1 and Case 2, by defining the RN switching time as the RN capability list and configure the OFDM symbols used in backhaul subframe in consideration of RN and eNB PDCCH size and the switching time.
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Figure 2: RN DL RX timing is aligned to RN DL TX timing
2.3. Case 3
This case has different number of available symbols depending on the propagation delay and guard periods. Figure 3-(a), (b) and (c) show each case; small, medium and large propagation delay. Regarding the necessity of this case, we’re not still convinced if this kind of tight TX synchronization is required for MBSFN or ICIC, even though it might be needed in TDD network deployment case by case. Therefore we need further investigation on relation with MBSF or ICIC as well as TDD, and also on variable number of valid symbols even in the case when Case 3 is applied to TDD network.  
In addition, as already indicated in email reflector, it could be supported if globally synchronized TDD networks are really required by RAN4 (LS). However, the TDD synchronization requirement can be relaxed by increasing the guard period, or by considering the RN-specific Tx power and deployment.  In such case, Case 3 is not needed any more because Case 1 and/or Case 2 can be also applied to TDD networks.
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Figure 3-(a): eNB DL TX timing is aligned to RN DL TX timing, [(Tp<L)&(Tp<G1)&(Tp+G2<L), symbol_length = L], so called, “small propagation delay”
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Figure 3-(b): eNB DL TX timing is aligned to RN DL TX timing, [(G1<Tp<L)&(Tp+G2<L), symbol_length = L], “medium propagation delay”
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Figure 3-(c): eNB DL TX timing is aligned to RN DL TX timing, [(G1<Tp<L)&(Tp+G2>L), symbol_length = L], “large propagation delay”
2.4. Case 4
We think Case 4 is not on the scope of current WI as well as current TR. This case should be further discussed later release SI TR phase. Furthermore, it’s not desirable because several OFDM symbols in the end of a backhaul subframe are lost by this option. This symbol loss degrades the backhaul link efficiency severely and also impacts RS structure.
3. Uplink Timing Alternatives
3.1. Case 1
In this case, as shown in Figure 4, RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP) by introduce additional fixed timing offset (delayed Uu subframe boundary) on top of propagation delay. Hence, in order to transmit the last symbol of Uu subframe in half-duplex relay, the first symbol of Un subframe couldn’t be transmitted until the end of switching time. In other words, the first symbol should be punctured, resulting in new shortened format in the first slot of Un subframe. It eventually impacts on new R-PUCCH design, but it can be easily done like LTE Release 8 shortened PUCCH format 1/1a/1b in the second slot. In that sense, we suggest adopting this option complementarily as UL timing solution. 
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Figure 4: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delay)
3.2. Case 2a
As shown in Figure 5, RN should transmit SC-FDMA symbols m=0 until the end of the Un UL subframe (n=13 in case of normal CP). This corresponds to the case when the Uu UL subframe boundary is aligned with the Un UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix. Hence, it can be conditionally supported if the switching time is much smaller than cyclic prefix, such that the remaining time can compensate the multi-path components in OFDM symbol. Regardless of the condition, it seems that this option is the best way to increase the backhaul resource utilization so far.
In addition, this option can be efficiently used for the eNB-RN CoMP transmission such as CB (coordinated beam-forming) or JT (joint transmission), furthermore it can be also applied to deployment of MBSFN network or ICIC techniques.
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Figure 5: UL RN Tx timing and UL RN Rx timing is aligned
3.3. Case 2b
As shown in Figure 6, this corresponds to the case when the Uu UL and Un UL subframe boundary is staggered by a fixed gap and RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link. 
This method is beneficial in that it can utilize all the SC-FDMA symbols in a backhaul subframe, which is helpful in resolving the backhaul shortage problem. It is noteworthy that this method requires RN to configure the access link subframe in front of a backhaul subframe as a cell-specific SRS subframe. This may be a limitation in the resource allocation between Uu and Un interfaces under the current specification which does not support the full flexibility in the cell-specific SRS configuration. One possible way is to adopt Case 1, which has the same subframe timing as Case 2b and requires a shortened format in the 1st slot of a backhaul subframe, if the preceding access subframe cannot be configured as a cell-specific SRS subframe. Another possibility is to drop Un SRS, then transmit Un SRS in the same subframe so that it doesn’t impact on Un subframe and also it doesn’t require the new shortened format design as in Case 1. 
We suggest adopting Case 2b as the baseline if the switching time is not sufficiently short.
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Figure 6: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delayed Uu)
3.4. Case 3
In Figure 7, RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP). This corresponds to the case when the Uu and Un UL subframe boundary is staggered by a fixed gap. This option can be no impact on Uu side, but Un SRS transmission will be limited such that SRS can be transmitted only when consecutive Un subframes are allocated. Otherwise, Un SRS transmission causes to miss the first symbol of Uu subframe, leading to Uu UL throughput degradation. So we do not consider this option as UL timing solution.
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Figure 7: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (advanced Uu)
3.5. Case 4
In this option, RN should transmit SC-FDMA symbols m≥1 until SC-FDMA symbol n≤13 (depending on at least the propagation delay between eNB and RN and the switching time). This corresponds to the case where the UL eNB Rx and the UL RN Rx timing are aligned. As mentioned earlier, we don’t see any special reason for necessity of this option. We need further discussion on whether it’s needed for TDD network or MBSFN or ICIC or etc. Currently, we don’t consider this option as UL timing solution in any cases.

In addition, it is concerned that the backhaul subframe structure is varied depending on the propagation delay (see Figure 8). So, a variety of backhaul subframe format should be designed and such an impact should be taken into account in RS design as well. We don’t think it’s desirable approach in this stage. 
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Figure 8-(a): UL eNB Rx and the UL RN Rx timing is aligned, so called, “small propagation delay”
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Figure 8-(b): UL eNB Rx and the UL RN Rx timing is aligned, so called, “medium propagation delay”
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Figure 8-(c): UL eNB Rx and the UL RN Rx timing is aligned, so called, “large propagation delay”
 
4. Proposals
· Downlink 

· Case 1: Supported as a baseline 

· Case 2: Supported if the switching time is much smaller than cyclic prefix

· Case 3: FFS 

· Case 4: Not supported

· Uplink

· Case 1: Supported as a complementary option of Case 2b

· Introduction of new shortened format

· Case 2a: Supported only if the switching time is much smaller than cyclic prefix 

· Case 2b: Supported as a baseline for the purpose of backhaul resource optimization

· Also support of combination of Case 2b and Case 1 in configurable manner

· Case 3: Not supported

· Case 4: Not supported 
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