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1. Introduction
At RAN1 #57bis meeting the following agreement was reached on backhaul/access link subframe timing: 
· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching. 

There are several implications of this agreement on the timing relationship between the backhaul and access DL subframe boundaries. In addition, consideration must be given to guard periods required for receive-transmit and transmit-receive switching times at the RN due to the half-duplex mode of operation of the backhaul/access links. In this contribution we analyze some possible choices for subframe alignment and guard periods for the Type I backhaul/access link subframe structures. 
2. Timing Analysis
Any design of the backhaul/access link timing requirements should consider the following constraints:
1. The RN is a macro (Rel10 or later) UE from the perspective of the DeNB. Therefore, the RN transmits the UL backhaul subframe based on a timing advance (TA) command from the DeNB in order to align with the DeNB cell timing.

2.  Guard periods are required around the DL/UL backhaul subframes when these subframes are bordered by access link subframes. The guard period (GP) duration should be similar to the switching time duration in Release 8 TDD-LTE, which was estimated to be at most 20 us.

3. Timing alignment should also consider the impact on PRACH usage [1].

2.1. DL Backhaul/Access

For the DL backhaul subframe, a straightforward approach is to puncture up to two OFDM symbols for the guard period. An example of this approach is illustrated in Figure 1, where there are two OFDM symbols in the control region of both the DL backhaul subframe and the MBSFN-configured subframe of the RN. The backhaul subframe is received at the RN after the propagation delay denoted as
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. Note that the DL access link subframe boundary could be aligned with the received DL backhaul subframe at the RN in order to satisfy the timing alignment agreed at the RAN1 #57bis meeting.
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Figure 1 DL backhaul subframe showing guard periods
It can be seen that the occurrence of the first GP implies that symbol #2 cannot be received by the RN. Similarly, if an access link DL subframe follows a backhaul DL subframe the second GP must occur within the backhaul subframe duration as shown in Figure 1. Hence, the two GPs may reduce the transmission efficiency by 16.7% (2 out of the 12 symbols for PDSCH transmission). Clearly, a more efficient backhaul transmission is desirable if specification changes can be kept to a minimum. 
A few contributions have proposed more efficient guard periods [2] – [4]. In [2] a new half-symbol is proposed so that the GP occupies the first and latter halves of symbol #0 and symbol #13 respectively, while the other halves of the respective symbols transmit a shortened OFDM symbol. A delayed timing at the RN was also proposed for the DL access link [3], [4], where it was shown that this delayed timing may reduce the total GP to only one OFDM symbol. Figure 2 shows a comprehensive timing relationship between backhaul and access links with respect to the DeNB, RN and RUE.
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Figure 2 Timing relationship for Type I relaying

By delaying the DL access subframe by 
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with respect to the received DL backhaul subframe the Rx-Tx guard period 
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is provided at the end of the DL backhaul subframe as long as 
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. From constraint 1 above the TA command for the UL backhaul is given by
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, where 
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is the one-way propagation delay between the DeNB and the RN. The impact of such delayed timing on CoMP schemes involving the RN cell needs to be carefully evaluated. 
2.2. UL Backhaul/Access

There are two possible schemes for the timing relationship between the UL backhaul and access links. The first scheme is an exact alignment between UL backhaul and access links at the RN as shown in Figure 2. The TA command from the RN to the RUE is based on the propagation delay 
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 and an additional delay due to differences between backhaul and access timing. This delay is denoted as the 
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in Figure 2. Two guard periods are required within the UL backhaul subframe in order to effect the required switching between transmit and receive modes. Figure 2 shows that the first SC_FDMA symbol is punctured to obtain the first GP. Furthermore, there is a GP region encompassing the last two SC-FDMA symbols to indicate different options for the second GP. In Figure 3 the latter part of the last symbol is punctured. This implies that the RN cannot transmit the full R-SRS symbol to the DeNB. However, given that the backhaul link may be of high quality and it is relatively stationary for most use-cases it is FFS whether the channel sounding structure for RNs should adopt the same structure as Rel8. In a companion contribution (R1-094003) we show that by puncturing the last but one SC-FDMA symbol, periodically scheduled SRS transmissions from RUEs can be received by the RN. This option is shown in Figure 4. The motivation for this option is to prioritize SRS reception from RUEs over R-SRS transmissions to the DeNB. However, we note that even though the backhaul link is relatively stable the RN should still be able to send R-SRS even if the periodicity of R-SRS transmission is very long. A hybrid scheme would be to allow for a flexible switching point, whereby the RN can choose at what time instance in the backhaul subframe to switch depending on if the backhaul subframe has been configured for R-SRS transmission.
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Figure 3 UL backhaul with GP at the ends of the subframe
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Figure 4 UL backhaul subframe with access link SRS transmission

The second alternative is to re-use the delayed timing concept that was used in the DL timing scenario [5] as shown in Figure 5. The benefit of this scheme is that it allows full transmission of symbol #13 in the UL backhaul. Thus, R-SRS can be transmitted to the DeNB but it would preclude any scheduled SRS transmission from RUEs. 
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Figure 5 UL backhaul with delayed timing of access link
3. Conclusion
The timing relationships for Type I backhaul have been analyzed in this contribution. Exact and delayed timing on the access link are under consideration for Type I relays. The delayed timing design for the DL and UL access links may optimize the backhaul transmission efficiency when the DeNB and RN cells are viewed separately. However, the operation in a DL CoMP scheme where the DeNB and RN are part of the CoMP set needs to be studied. For the UL backhaul our preference is for the RN to prioritize SRS reception from RUEs over R-SRS transmission to the DeNB. Furthermore, the impact of mobility between the donor and RN cells needs to be studied if delayed timing is used in the DL and/or the UL. Additional study is required before a final decision is made on the backhaul/access timing relationship.
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