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Introduction

In 3GPP Ran1 #59bis meeting, way forward has been agreed on DL backhaul timing alignment in [1] which includes 4 cases for further consideration. In this contribution, more discussions are presented on the timing alignment aspect of relay (RN) cell to Donor eNB (DeNB) cell and its impact on backhaul design in order to conclude which of the 4 cases are to be supported. 
Timing of backhaul and access DL
The following cases for timing of backhaul and access DL have been agreed for further consideration in [1]: 
Table I
Four possible cases for DL backhaul and access Timing alignment
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Case 1 Delay-based T_RN_DL–T_DeNB_DL= Tp+ Ts m= k+1, n=13

Case2 For very small Ts T_RN_DL–T_DeNB_DL= Tp m = k, n= 13

Case 3 Tight alignment T_RN_DL–T_DeNB_DL=  0 m >= k, n <13

Case 4 RN cell timing shifting T_RN_DL–T_DeNB_DL= Tp-

(2*OFDM_sym_len+ Ts)

m= 0, n= 13 –(k+1)


In the table, we use the same notations as in [1] for m, n and k: The RN can receive Un DL transmissions starting with OFDM symbol numbered m and it can stop receiving with the OFDM symbol numbered n. Here OFDM symbol numbering within the subframe starts at 0. k is equal to the number of OFDM symbols used for the L1/L2 control region at the RN access.

We use the following symbols to denote timings:
Ts





Tx-to-Rx or Rx-to-Rx switching time for RN

Tp





Propagation delay from DeNB to RN

T_RN_DL


DL timing in RN cell

T_DeNB_DL


DL timing in DeNB cell

In addition, an LS [2] has been sent out to Ran4 on the requirement of Ts in possibly different scenarios. In the following sections we present some discussions on the listed cases. 
Case 1, Delay-based RN cell DL timing

As shown in Figure 1, the RN cell DL timing is delayed based on reception of DeNB signal, so that at the end of the subframe there is still room for RN’s Rx-to-Tx switching before transmission of symbol #0 in the next subframe. The amount of delay (on top of Tp) in this case should be at least equal to the RN switching time Ts. In this case, symbol #2 is not available due to GP, which doesn’t matter if that symbol is anyhow used for PDCCH in the DeNB. The total number of OFDM symbols available for backhaul transmission is always eleven, and not impacted by the DeNB cell’s PDCCH symbol number.
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Figure 1
Case 1, Delayed RN DL timing

We regard this option as a very efficient one for the scenarios where no tight timing alignment between DeNB and RN(s) is required. Backhaul efficiency in this case is maximized in terms of the number of available OFDM symbols. Reusing Rel-9/10 DM RS design for backhaul is also possible since symbol #13 is available in this case. 
Case 2, Delay-based RN cell DL timing with very small Ts

Case 2 may be applicable when the RN switching time Ts is sufficiently smaller than the length of normal CP. In this case, RN cell DL timing is aligned with the reception of DeNB signal, and there is no need for further delay as compared to Case 1 since a fraction of the CP is able to absorb Ts. 

In [3] the RF switching time for a Rel-8 eNB is on the order of 17us, and in [4] 20us are the requirement for Rel-8 UEs. So we expect for RN Ts the value will be around 17us – 20us. Specifying a significantly shorter switching period for RN may lead to higher implementation cost and restrict possible RN designs, thus we do not see Case 2 as applicable for Rel-10 relay specification. 
Case 3, Tight DL timing alignment between DeNB and RN
In Fig. 3 we show the case where the RN cell DL timing is advanced by TA relative to the reception timing of the DeNB signal. The TA is set to be equal to the propagation delay within the TA accuracy of the Rel-8 UL timing alignment procedure. This allows the RN cell timing to be tightly synchronized with the DeNB cell timing within the TA parameter resolution (about 16xTs or 0.52 us). In Figure 2(a) it is assumed that the propagation delay Tp is greater than the GP needed for RN’s Tx-to-Rx switching. In this case, DeNB is able to begin backhaul transmissions at symbol #2 instead of #3. Due to switching time and TA symbol #13 in the subframe will not be available for backhaul in any case. Note that this is only possible when the DeNB cell’s PDCCH symbol number is less than 3 (for example 1 or 2). Figure 2.(b) shows the case where the propagation delay is less than the GP and tight DL cell timing of DeNB and RN. In this case, OS#2 is lost and only 10 OS can be used for the backhaul (OS#3, 4, .., 12).

[image: image3.emf]#0

eNBTx

Tp

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13

Backhaul transmission

RN Rx

(TA)

TA

#0 #1 #2

GP

#3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #2

#3 #4 #5 #6 #7 #8 #9

#10 #11 #12


(a) TA=TP > GP
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(b) TA=TP << GP
Fig. 2 Advanced RN DL timing with tight DL cell timing of DeNB and RN
Such a tight timing alignment may be necessary for synchronized network, e.g., in TDD systems or in FDD systems supporting, e.g., MBSFN and ICIC. Regarding the applicable scenarios and the expected timing alignment requirement, an LS has been sent out to Ran4 in [2].

One observation to this case is that the number of available OFDM symbols for backhaul depends on the inter-site distance (ISD) between DeNB and RN. We show in Table II that the backhaul symbol number decreases linearly with increasing ISD. In the calculations we assume the DeNB cell’s PDCCH symbol number is three and Ts around 20us. 
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Table II
Backhaul symbol number decreases linearly with the increasing ISD
We see the need to further investigate how a variable backhaul symbol number impacts the specification for Rel-10 relay. 
Case 4, RN cell timing shifting to make use of Rel-8 PDCCH for backhaul
In this option, RN cell DL timing is shifted (backward) by around two OFDM symbol length plus RN switching time to possibly reuse Rel-8 PDCCH also for backhaul. Although this seems to minimize the standardization effort for backhaul control, it has some issues, e.g., reduced backhaul efficiency and introducing interference for TDD systems as discussed in several contributions in the last Ran-1 meeting [5][6].
Conclusion

In this contribution we present discussions on backhaul and access DL timing alignment. Based on the discussions, we make the following proposal.
Proposal 1 - 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. (Case 1)
Proposal 1 is applicable for the case where there is no requirement on tight timing alignment between DeNB and RN(s).

In case tight timing alignment between DeNB and RN(s) is required, we have one more proposal as the following. 
Proposal 2 - The DL subframe timing of the RN shall be advanced compared to the DeNB DL subframe timing (which is the backhaul timing) by the propagation delay in case DL synchronization between the RN and DeNB within a CP length is required. (Case 3)
For Proposal 2 we see the need to further investigate how a variable backhaul symbol number impacts the specification for Rel-10 relay.
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