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1. Introduction

The design of the backhaul link (Un) subframe timing and its relationship with the access link (Uu) subframe timing was discussed at the RAN1 #59bis meeting. Four possible options were agreed for further study in [1] and [2] for DL timing and UL timing respectively. This contribution analyzes some of the proposals and states our preferences.
The following notation shall be used throughout the contribution
· 
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is the propagation time between donor eNB and RN

· 
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is the propagation time between RN and UE

· 
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are the available time margins at the RN for switching from Tx to Rx and Rx to Tx respectively
· 
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is the OFDM symbol duration
2. DL Timing
Case 1
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Figure 1: Time delay between Un Rx and Uu Tx

This corresponds to the case where switching time is larger than the cyclic prefix (CP) duration and there is a time delay Tdelay between Un Rx and Uu Tx times at the RN [3]-[5]. This scenario is shown in Figure 1. It can be seen that as long as 
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the RN can receive 11 OFDM symbols on the Un. At the end of the backhaul subframe it is assumed that Rx-Tx switching time
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 in order not to affect transmission on the Uu link. While the delayed Uu transmission works well for FDD systems it was mentioned in [4] that further study may be needed to determine if it is appropriate for TDD. It may also not be appropriate for other systems requiring synchronized joint transmission including MBSFN and some CoMP systems.
Case 2

Case 2 refers to the case where the switching time is sufficiently shorter than the CP so that Un Rx time is aligned with Uu Tx time at the RN, i.e. 
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in Figure 1. Therefore the RN can receive 12 symbols, #2 through #13 on the Un link. RAN4 confirmation is needed on the feasibility of the switching time being sufficiently smaller than the CP duration. However, it should be noted that using the CP to absorb the switching time may also reduce the effective delay spreads that can be handled.
Case 3
Case 3 refers the the case where the Uu transmit timing at the RN is aligned with the Un transmit time at the DeNB as shown in Figure 2. 
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Figure 2: Aligned timing between DeNB Un Tx and RN Uu Tx
It can be seen from Figure 2 that 11 symbols, #2 through #12, can be received by the RN on the Un link as long as 
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. Otherwise, only 10 symbols are available because symbol #12 also has to be punctured out. Therefore, Un spectral efficiency is impacted by the propagation distance between eNB and RN. Although this timing alignment could be favorable to both MBSFN and CoMP, it is currently unclear if there is a use case for joint processing CoMP and MBSFN in a Type I relay deployment.

Case 4

Case 4 refers to the scenario where the Uu Tx timing is advanced by up to two symbols so that the RN can receive the Rel-8/9 PDCCH from the DeNB [7]. Accounting for Tx-Rx and Rx-Tx switching times at the RN, at least three symbols are lost for DL Un transmission. More importantly, this scheme implies that some Rel-9 DMRS patterns cannot be reused for demodulation. 
3. UL Timing 
In what follows all timing schemes are defined with respect to the RN.

Case 1
For Case 1 the Uu Rx timing is delayed by 
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allowing symbols #1 through #13 to be transmitted on the Un link. This scheme prioritizes SRS transmissions from the RN to the DeNB (denoted as R-SRS) at the expense of PUCCH transmissions from the RN (assuming that the Rel-8 PUCCH design is reused for the Un link).
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Figure 3 UL Case 1 timing scheme
Case 2

There are two options in this scheme where both options optimize spectral efficiency of the Un link by transmitting all symbols. In Case 2a the Un and Uu timing at the RN are aligned by assuming that switching time is sufficiently shorter than the CP. Note that this option is subject to RAN4 confirmation on RN switching time.

Compared to Case 1, Case 2b allows symbol #0 to be transmitted, by configuring the UE not to transmit symbol #13 in the Uu link in order to allow for TGP2 (see Figure 4). The implication is that the RN cell configures the subframe preceding the Un subframe as a cell specific sounding subframe. With this scheme the RN can transmit SRS to the DeNB, at the expense of slightly lower spectral efficiency on the Uu link. Since the Un link is expected to be the bottleneck for a relay, this may be a reasonable tradeoff. On the other hand it can be seen in Figure 4 that UEs cannot be configured for SRS transmission in both the preceding and backhaul subframes. The impact of this restriction would depend on the number and mobility characteristics of the UEs in the RN cell.
A potentially significant issue is that the PUCCH transmissions on the Uu link are now compromised since the RN does not receive symbol #13. For A/N transmission, performance evaluation is required on the impact of losing one of ten A/N symbols. For PUCCH Format 2 since CQI is jointly encoded one solution is:

· RN disregards CQI transmissions on the Uu link in this subframe.
· If necessary the RN requests aperiodic CQI transmission in a subsequent Uu UL subframe.
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Figure 4 Uplink Case 2b timing scheme
Case 3

This scheme transmits symbols #0 through #12 on the Un link by advancing RN reception time on the Uu link by TGP2 compared to RN transmit timing on the Un link (see Figure 5). The main advantage of this scheme compared to Case 1 is that it permits reuse of Rel-8/9 PUCCH design for the Un link by using the shortened PUCCH format. However, R-SRS transmission is only possible if consecutive subframes are configured for the backhaul [8]. Furthermore it should be noted that this advance also increases the possible range timing advance commands for UEs in the RN cell (equivalently reduces effective RN cell size).
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Figure 5 UL Case 3 timing scheme
Case 4

This scheme aligns RN Rx timing on the Uu link with DeNB Rx timing on the Un link as shown in Figure 6. This scheme is optimized for TDD systems. It can be seen that at best symbols #1 through #13 can be transmitted. Similarly to Case 1, the RN cannot reuse Rel8 PUCCH transmission on the Un link. 
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Figure 6 UL Case 4 timing scheme
4. Conclusion

Several alternatives are considered for the timing relationships between the Un and Uu links for a Type I relay. Our preferences are
· For DL Case 1 is a good baseline assumption pending RAN4 decision on RN switching times. 
· For UL Cases 2a, 2b and Case 4 are recommended for further study.
· Case 2a can be selected if RAN4 confirms sufficiently small switching times.
· Case 2b requires further evaluation of R-UE PUCCH transmission.
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