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Introduction

Relay backhaul transmission based on MBSFN subframe configuration has been agreed in previous Ran-1 meetings. In [1], aspects of backhaul control signaling are discussed. In [2], backhaul DL timing alignment is discussed based on the agreement in [3], and it is proposed that 

The DL subframe timing of the RN shall be delayed compared to the DeNB DL subframe timing (which is the backhaul timing) by the propagation delay plus the required RX-TX switching time.
In this contribution, more discussions are presented on timing alignment of UL backhaul and its impact on several aspects of UL backhaul transmissions. 
RN cell DL timing
In [2], for one of the proposals RN cell DL timing T_RN_DL is aligned with the reception of DeNB so that 
T_RN_DL = T_DeNB_DL + Tp_DeNB_RN + T_Delay, 
















(1)
where T_DeNB_DL is the DL tx timing of DeNB cell, Tp_DeNB_RN is the propagation delay between DeNB and RN, and T_Delay is the delay offset to address RN’s Rx-to-Tx switching at the subframe border. Generally, Tp_DeNB_RN depends on the inter-site distance while T_Delay is on the order of 10us depending on RN implementation. 
RN cell UL timing and UL backhaul timing alignment
Basically, RN needs to switch from Rx to Tx mode before UL backhaul transmissions, and then switch back to Rx mode at the end of UL backhaul subframe. The exact symbols available UL backhaul depend on the UL backhaul timing. 

Based on RN cell DL timing described in previous section, it is reasonable to assume the first symbol in UL backhaul subframe is borrowed to address RN’s switching as well as the propagation delay between itself and DeNB. One example for this is shown in Fig. 1. For the discussions, we assume that in both DeNB and RN cell, the DL Tx timing is tightly aligned with the UL Rx timing in the same cell (therefore DL timing is not included in the figure). This may not necessarily be the case in practical deployment, but will not impact the discussions since same assumption apply for UL timing in both cells. Specifically, in the Figure T1 is the timing difference between DL timing of DeNB and RN cell. T2 denotes propagation delay between RN and certain RN-attached UE, which means the UL timing advance (TA) for the RN attached UE will be two times T2 relative to its DL Rx timing. In the figure, GP denotes the period of time used for RN’s Tx/Rx mode switching, while T3 is the propagation delay between RN and DeNB. 
It is clear that for the case of Eq. (1), T3 equals to Tp_DeNB_RN, while T1 is equal to Tp_DeNB_RN plus T_Delay. In the example, symbols #1~#13 are available for UL backhaul. One motivation of such setup is that RN will be able to transmit sounding RS in the last symbol in the subframe. It shall also be possible that backhaul SRS is multiplexed with SRS transmissions in macro cell via proper configuration by DeNB. In order for backhaul to utilize symbols #1~#13, there shall be

T1 + T3 + GP < 1 symbol 

























(2)
With Eq. (1), this means
2*( Tp_DeNB_RN + T_switch) < 1 symbol




















(3)
Assuming a 10us switching time, the maximum distance between DeNB and RN is around 7.7km in this case. This shall be fulfilled in most urban scenarios, while for other cases, e.g., rural area where a much larger distance between the nodes can be expected, symbol #1 can be further muted to address larger propagation delay. 
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Fig. 1
RN cell UL timing and UL backhaul timing alignment
Furthermore, larger ISD can also be supported by advancing to some extend the RN cell UL timing. As a result, the difference between RN cell UL Rx timing and DeNB cell UL Rx timing will decrease, which leaves more room for T3. In this case, in order for having symbol #1~#13 for backhaul, there shall be
2*GP + Tp_DeNB_RN < 1 symbol






















(4)
which means a maximum ISD around 15.4km. The impact here is that RN-attached UEs in this case see a larger TA compared to the case shown in Fig. 1. Since a random access response MAC message has a field of 11 bits of initial timing advance value, the increased TA seen by RN-attached UEs shall not be a significant issue. 
In [2], another proposal is that RN and DeNB cells timing are aligned so that DL synchronization between the two cells is within a CP length. In this case T1 is around zero which leads to
T_RN_DL = T_DeNB_DL,
























(5)
and in order to have symbol #1 available for UL backhaul there shall be

T3 + T_switch < 1 symbol
























(6)
Hence the maximum ISD is around 18.4km assuming a 10us switching time for RN.
As we are assuming tight alignment of UL and DL timing in a given cell, this means at the end of UL backhaul subframe symbol #13 has to be muted to provide room for RN’s Tx-to-Rx switching. Thus overall the symbols available for backhaul is #1- #12. If RN cell UL timing is delayed by T_switch the last symbol can also be made available and in this case we have the following constraint on ISD

T3 + 2*T_switch < 1 symbol























(7)
which is similar as eq.(5) and allows a maximum IDS of around 15.4km.

Based on the discussions, we proposal the following for RN cell UL timing and UL backhaul alignment:

Proposal 1

In the design of the backhauling, the RN cell UL timing is assumed to be aligned with RN cell DL timing with possibly some timing advance or delay, and the first one or several symbols in backhaul subframe will be blanked for absorbing RN switching time as well as propagation delay. 
Backhaul sounding and RN cell sounding in backhaul subframe
In a UL backhaul subframe, RN is transmitting to DeNB which means it cannot receive any transmissions from its own cell. Yet if RN needs to receive in its own cell in the backhaul subframe, it has to switch from Tx back to Rx mode, which means the part of subframe used for switching and receiving will not be available for backhaul.

One issue to be considered is whether RN needs to receive SRS in its own cell in a UL backhaul subframe. As discussed above this will lead to reduced backhaul resources thus will impact backhaul throughput. On the other hand, the RN cell SRS configuration should be controlled by the RN itself, which means the DeNB does not know exactly the presence of RN cell SRS and therefore the number of symbols available in the UL backhaul subframe. This may possibly be solved by some coordination between DeNB and RN on RN cell SRS configuration, but will require extra signaling overhead. 
According to Rel-8 specification, SRS configuration is quite flexible in terms of bandwidth as well as sounding periodicity and by proper configuration in the RN cell, no RN-attached UE needs to transmit SRS in a UL backhaul subframe. There could be some impact on RN cell UL measurement, but it is not likely to be significant and given the mentioned impacts it is proposed that reception of SRS in the backhaul subframe is not supported.
On the other hand, backhaul UL measurement may be needed for e.g., backhaul scheduling. Further studies shall be necessary to see how this can be done.

Based on the discussions, we have the following proposal on RN cell SRS and backhaul SRS in a backhaul UL subframe.
Proposal 2

RN reception of SRS from its own cell in a UL backhaul subframe is not supported by the specification, and backhaul SRS transmissions are FFS.

Conclusion

In this contribution we present discussions on RN cell UL timing aspect. Based on the discussions, we propose RN cell UL alignment with the DL timing in the same cell, and also show that further advancing the RN cell UL timing is possible. We further propose no RN cell SRS reception in a UL backhaul subframe when RN is transmitting itself which simplifies backhaul procedure design. 
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