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1 Introduction

In last meeting, the way forward on timing of backhaul and access link in uplink [1] was modified and agreed. The following cases are deemed for further consideration:

· Case 1: RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP)
· This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap

· Case 2: RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP)

· This corresponds to the case when the access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix

· Alternatively, this corresponds to the case when the access link and backhaul link 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

· Case 3: 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 access link and backhaul link UL subframe boundary is staggered by a fixed gap 

· Case 4: 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 is aligned
Moreover, RAN1 sent an LS to RAN4 [2]. In this LS, RAN1 asked RAN4 following two questions:
· Question 1: What is the expected frame timing synchronization requirement between eNB(s) and relay(s)? Are there specific synchronization requirements in case of TDD, MBSFN, or ICIC?

· Question 2: What are the expected Tx/Rx and Rx/Tx switching periods of a relay node? Would it be possible in the Rel-10 timeframe to have Tx/Rx and Rx/Tx switching periods shorter than the normal cyclic prefix?
Case 4 is related to the first question of the LS. Thus the necessity of Case 4 depends on the reply LS from RAN4.
In this contribution, we compare Case 1, Case 2 and Case 3 in the point of standardization impact.
2 Technical comparison
2.1 Case 2
Case 2 has two scenarios as follows:
· Case 2a: The access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix
· Case 2b: The access link and backhaul link 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
For Case 2a and Case 2b, all physical channels and signals of the access link uplink can be reused in the backhaul link uplink without any modification. Furthermore, there is no impact on the access link uplink for Case 2a. Thus Case 2a is the best option among Case 1, Case 2 and Case 3 if RAN4 confirms that RN switching time is sufficiently shorter than the cyclic prefix.
Proposal 1:

· Adopt Case 2a for the timing of backhaul and access links in uplink, if RAN4 confirms RN switching time is sufficiently shorter than the cyclic prefix.
Since one SC-FDMA symbol is used for guard periods in the access link UL subframe, there is a restriction on the access link uplink for Case 2b. All access link UL subframes next to the backhaul link UL subframe should always be configured as the cell specific SRS subframes in order to maintain the backward compatibility. The eNB needs to know the SRS subframes in the access link uplink of the RN before allocating a backhaul link UL subframe to the RN. Even if the eNB knows them, it is hard to ensure that the eNB can schedule all backhaul link UL subframes adjacent to the SRS subframes.
The RN can configure all access link UL subframes as the cell specific SRS subframes in order to give the eNB the flexibility to schedule the backhaul link UL subframes. In this configuration, there is no way for the RN to receive the last SC-FDMA symbol of the PUCCH format 2/2a/2b from the UE in the RN cell.
2.2 Case 1 vs. Case 3
Case 1 and Case 3 are illustrated in Figure 1 and Figure 2, respectively. Since one SC-FDMA symbol used for guard periods is not available, some physical channels and signals of the backhaul link uplink need to be modified for both Case 1 and Case 3. There is, however, no impact on the access link uplink. 
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Figure 1: Case 1
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Figure 2: Case 3
PUCCH and SRS on the backhaul link uplink are referred to as R-PUCCH and R-SRS, respectively. Though R-PUCCH format 2/2a/2b needs to be modified, it can be multiplexed with Rel-8 PUCCH format 2/2a/2b in the same PRB for both Case 1 and Case 3. 
For Case 1, R-PUCCH format 1/1a/1b should use length-3 orthogonal cover sequences in the first slot since the first SC-FDMA symbol cannot be transmitted in the backhaul link UL subframe. Hence it cannot be multiplexed with Rel-8 PUCCH format 1/1a/1b in the same PRB. Dedicated PRB needs to be defined for R-PUCCH format 1/1a/1b [3]. For Case 3, it could be multiplexed with Rel-8 PUCCH format 1/1a/1b in the same PRB only when it is transmitted in the cell specific SRS subframe of the eNB access link uplink. Otherwise, Dedicated PRB is required for R-PUCCH format 1/1a/1b, which is the same situation as Case 1. It is, however, hard to ensure that the eNB can schedule all backhaul link UL subframes in the SRS subframes of the eNB.
R-SRS can be transmitted in a single backhaul link UL subframe for Case 1. For Case 3, at least two consecutive backhaul link UL subframes should be scheduled to transmit R-SRS since the last SC-FDMA symbol cannot be transmitted, which restricts eNB to schedule the backhaul link UL subframes. 

Since Case 1 advances the timing of backhaul link UL subframe, cell coverage of the RN is worse than Case 3. If the switching time is in the order of 20us, RN cell radius is reduced by about 6km.
Proposal 2:
· Adopt Case 1 for the timing of backhaul and access links in uplink, if RAN4 confirms RN switching time is longer than the cyclic prefix.

3 Conclusion 

We have discussed several cases of the uplink timing of backhaul and access links. Though scheduler is not a matter of specification, it is important to minimize the effect to the scheduler. Our proposals are as follows:
· Adopt Case 2a for the timing of backhaul and access links in uplink, if RAN4 confirms RN switching time is sufficiently shorter than the cyclic prefix.
· Adopt Case 1 for the timing of backhaul and access links in uplink, if RAN4 confirms RN switching time is longer than the cyclic prefix.
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