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Introduction

In 3GPP Ran1 #59bis meeting, way forward has been agreed on UL backhaul and access link timing in [1] which includes 4 cases for further consideration. In [2] DL backhaul and access timing have been discussed and several proposals have been made therein. In this contribution, more discussions are presented on UL timing in relay (RN) cell in relation to Donor eNB (DeNB) cell timing in order to conclude which of the 4 cases are to be supported.
RN cell DL timing
We shortly recap two DL timing options, which are relevant for the case where UL timing is aligned with 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 time at the subframe border. 
Another proposal in [2] is for tight DL timing alignment between RN and DeNB cells. 
An LS has been sent out to Ran4 [3] on the requirement of RN switching time as well as tight timing alignment in possibly different scenarios.
RN cell UL timing and UL backhaul timing alignment
The following cases for timing of backhaul and access UL have been agreed for further consideration in [1], i.e., 

[image: image1.emf]Description Timing alignment Backhaul symbols

Case 1 Delay-based, UL access 

aligned with UL backhaul

T_RN_UL–T_DeNB_UL= Ts -Tp m= 1, n=13

Case 2 a For very small Ts, UL access 

aligned with UL backhaul

T_RN_UL–T_DeNB_UL= -Tp m = 0, n= 13

b Access link puncturing, UL 

access aligned with UL 

backhaul

T_RN_UL–T_DeNB_UL= Ts -Tp m = 0, n= 13

Case 3 Puncturing last symbol in 

backhaul, UL access aligned 

with UL backhaul

T_RN_UL–T_DeNB_UL= -(Tp+ Ts)   m = 0, n =12

Case 4 ULaccess aligned with DL 

access

T_RN_UL–T_RN_DL= -Ts m>= 1, n<13


Table I
Four possible cases for DL backhaul and access Timing alignment

In the table, we use the same notations as in [1] for n and m: RN should start its Un UL transmission with the SC-FDMA symbol numbered m and it should stop with the SC-FDMA symbol numbered n. Here SC-FDMA symbol numbering within the subframe starts at 0.
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_RN_UL



UL timing in RN cell
T_DeNB_UL


UL timing in DeNB cell

In the following sections we present some discussions on the listed cases.
 Case 1, UL access timing aligned with UL backhaul, symbol #1-#13 for UL backhaul
For Case 1, UL access timing is aligned with UL backhaul in such a way that the last 13 OFDM symbols are available for UL backhaul. Similar to the discussions in [2], by some further delay in UL access timing RN can be able to switch from Tx to Rx mode in the end of the subframe. In the end the difference between UL access and macro UL timing is given by
Td = Ts – Tp.





























(1)

On the other hand if we assume the DL access timing is based on Case 1 as described in [2], the misalignment between access DL and UL timing is estimated to be

Td_access = Tp + Ts - Td.

























(2)

With (1) and (2), we see Td_access is 2*Tp. 
Considering the possible range of the DeNB and RN ISD, such UL access timing can be fully supported in RN cell by the existing Rel-8 timing advance procedure.  [image: image2.emf]RN Switching Time, T_Switch
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Fig. 1 Case 1, UL access aligned with UL backhaul, symbol #1-#13 for UL backhaul
Case 2, UL access timing aligned with UL backhaul, symbol #0-#13 for UL backhaul

As shown in Table I, Case 2.a is applicable only when the RN switching time Ts is sufficiently smaller than the length of normal CP. As discussed in [2] we except less use case for this case in Rel-10 relay. 

For Case 2.b, one OFDM symbol is borrowed from the access link to address twice the RN switching time. One backward compatible way of achieving this is shown in Fig. 2, where the last symbol in the previous subframe in access link is muted by booking the whole bandwidth for SRS resources. Thus, the access UL transmissions in the previous subframe, if any, will use shortened version, i.e., the last symbol is punctured. 
Case 2.b makes full use of 14 symbols in the subframe for UL backhaul, which may be desired when backhaul capacity is the bottleneck. 

On the other hand Case 2.b has some potential impacts on the access link. Overbooking of access SRS resource may cause loss in the access UL throughput, also to some extend impact PUCCH coverage. Periodic CQI if configured cannot be received by RN in the TTI, which may impact the access link PUCCH scheduling. Furthermore it needs further investigation how semi-static SRS resource configuration in access link could adapt to backhaul subframe allocation which is up to DeNB. UL backhaul is excepted to be allocated (explicitly or implicitly) via higher layer signaling from DeNB, therefore certain “preparing period” after backhaul allocation is needed for a RN to configure its own cell before UL backhaul transmissions really happens. If a certain subframe needs to be assigned quickly for access or backhaul purposes than the UL access always needs to be configured to use the shortened version in that subframe. 
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Fig. 2
Case 2.b The last symbol in previous subframe in access link is used for addressing RN switching time

Case 3, access UL timing aligned with UL backhaul, symbol #0-#12 for UL backhaul

Case 3 is similar to Case 1 in the sense that both access UL timing needs to be aligned with the Tx of UL backhaul, and that one of the symbols in a subframe is sacrificed for addressing two times RN switching time. The difference is that Case 3 targets the utilization of the first 13 symbols instead of the last 13 ones, and this is achieved by using a larger time advance in access UL compared with Case 1. 
The backhaul efficiency seems to be similar for Case 1 and Case 3, thus we do not see much use case for Case 3 unless compelling benefit is further identified for it. 
Case 4, access UL timing aligned with access DL
In Case 4, access UL timing is aligned with the DL timing in the same cell, which is the natural setting as for a normal Rel-8 TDD cell. It is our understanding that Case 4 shall be supported for the scenarios where large misalignment of access UL and DL timing will lead to PRACH coverage issue. This is especially true when the ISD between DeNB and RL is large. Also note that for some TDD DL/UL configurations the number of UL subframe per 5ms is limited which makes it worse in terms of PRACH coverage. One example of Case 4 is shown in Fig. 3, where it is assumed that Ts is larger than the propagation delay. In the example symbol #1 - #12 are available for UL backhaul. As discussed in [2], such timing alignment means the number of available backhaul symbols depends on Ts and ISD between DeNB and RN. 
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Fig. 3
Access UL timing aligned with DL timing in the same cell, assuming access and backhaul DL timing Case 3 [2]
Based on the above discussions we have the following proposal

If the impact of Case 2.b on the access link is on an acceptable level we have the following proposal

Proposal 1
 The access UL ting is aligned with the Tx of UL backhaul. The last symbol in the previous subframe in access link is muted to address the RN switching time. (Case 2.b)
Proposal 2
The access UL timing is aligned with the access DL timing in the same cell. (Case 4)
Proposal 2 as discussed is applicable for the case where PRACH coverage is limited due to misalignment of the access DL and UL timing, especially for TDD case. 
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 3

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 have the following proposals. 
Proposal 1
 The access UL ting is aligned with the Tx of UL backhaul. The last symbol in the previous subframe in access link is muted to address the RN switching time. (Case 2.b)
Proposal 1 is for the case where the impact of Case 2.b on the access link is on an acceptable level.

For the case where PRACH coverage is limited due to misalignment of the access DL and UL timing, we have one more proposal as following, which we think is at least suitable for some TDD cases.
Proposal 2 
The access UL timing is aligned with the access DL timing in the same cell.

We further propose no RN cell SRS reception in a UL backhaul subframe when RN is transmitting itself which simplifies backhaul procedure design. 
Proposal 3
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.
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