
3GPP TSG RAN WG1 meeting #59bis
R1-100027
Valencia, Spain, 18th – 22nd January 2010
Source:
CATT
Title:
Design of Relay Frame Timing in LTE-A
Agenda Item:
7.5.1
Document for:
Discussion and Decision
1. Introduction
For type I relay, DL subframe timing alignment for backhaul link and access link was agreed in [1] as following:
· 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
Although several contributions [2]-[7] are available on relay node(RN) or relay UE(R-UE) DL/UL frame timing, no further agreements have been achieved in RAN1. It is noted that RN DL/UL frame timing determines the number of available (DFT-)OFDM symbols for backhaul transmissions. Therefore, it is critical to achieve consensus on RN frame timing, before carrying out detailed relay backhaul design and evaluations. In this contribution, we will discuss RN and R-UE DL/UL frame timing for both FDD and TDD. 
2. RN DL/UL frame timing

For a half duplex RN, Tx/Rx and Rx/Tx switching time shall be reserved in a backhaul subframe. Hence, design of RN DL/UL frame timing shall consider maximizing the number of available (DFT-)OFDM symbols for backhaul transmissions. In this section, we discuss several available schemes.
2.1. RN DL frame timing
For backhaul transmissions, RN acts a UE to donor eNB. Figure 1 shows the regular RN DL frame timing, where RN DL frame lags behind eNB DL frame by the corresponding propagation delay between eNB and RN. In case RN needs to reserve both Tx/Rx and Rx/Tx switching time, two OFDM symbols shall be needed, as shown in Figure 1.
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Figure 1: RN DL frame timing

In [3][7], a delayed RN DL frame timing was discussed, such that only one OFDM symbol is needed for both Tx/Rx and Rx/Tx switching, as shown in Figure 2. The amount of fixed delay shall be sufficiently large for Rx/Tx switching. Furthermore, the total Tx/Rx and Rx/Tx switching time shall not exceed the duration of an OFDM symbol. With delayed RN DL frame timing, more OFDM symbols are available for backhaul usage, which is clearly beneficial. 
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Figure 2: RN DL frame timing with a fixed delay
In [8], the following agreements on TD-LTE Home eNB synchronization requirements were made:

“The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 1.33 μs plus the propagation delay between the HeNB and the cell selected as the network listening synchronization source (e.g. when the propagation distance is 2.6km, the synchronization requirement is 10 us).”
If the synchronization requirements for RN in TDD systems is similar to that of TD-LTE HeNB, then a fixed delay cannot be applied to RN DL framing timing, which leads to less efficient backhaul resource utilization. For RNs where synchronization with donor eNB is not required, then the RN DL frame timing with a fixed delay, as shown in Figure 2, can be applied, which provides one more OFDM symbol for backhaul usage. 
Therefore, we have the following proposals:
Proposal:
· For RNs that synchronization with donor eNB is not required, RN DL frame timing shall account for the propagation delay between eNB and RN, as well as a fixed delay (Δ1) for RN Rx/Tx switching;

· For RNs that synchronization with donor eNB is required, no fixed delay is applied for DL frame timing.
2.2. RN UL frame timing
For RN UL backhaul transmissions, both Rx/Tx and Tx/Rx switching time may be needed in an UL backhaul subframe, as shown in Figure 3. For illustration simplicity, Figure 3 shows that RN UL timing is advanced relative to eNB DL/UL frame timing by the propagation delay between eNB and RN. Note that two DFT-OFDM symbols shall be used for RN switching time, which causes unnecessary overhead and no SRS transmitted on the last DFT-OFDM symbol from RN.
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Figure 3: RN UL frame timing

Similar to RN DL backhaul timing, RN UL backhaul timing can also be delayed [4][7], as shown in Figure 4. The amount of fixed delay shall be sufficiently large for RN Tx/Rx switching. With a fixed delay, more DFT-OFDM symbols are available for UL backhaul transmissions. 
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Figure 4: RN UL frame timing with a fixed delay
Therefore, we have a similar proposal as in [4][7]:
Proposal: 
· RN UL frame timing shall account for a fixed delay (Δ2) for RN Tx/Rx switching.
2.3. RN UL frame timing advance relative to RN DL frame timing

Combining the discussion in section 2.1 and 2.2, Figure 5 shows the RN UL timing advance relative to its DL frame timing, where RN UL TA = eNB/RN RTT +Δ1 –Δ2. AssumingΔ1 =Δ2, then RN UL TA can be maintained by eNB exactly in the same way as a Rel-8 UE. For TDD RNs, additional UL timing advance of NTA offset = 624 Ts shall be included, similar to Rel-8 TDD UEs. Furthermore, it is expected that RN Tx/Rx or Rx/Tx switching time shall be similar to eNB Tx/Rx or Rx/Tx switching.
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Figure 5: RN UL timing advance relative to RN DL timing
Proposal: 
· Same fixed delay for RN Tx/Rx and RN Rx/Tx switching (i.e. Δ1 =Δ2 ), which needs RAN4 confirmation

· The amount of fixed delay for RN Tx/Rx or Rx/Tx switching is less than half OFDM symbol duration, which needs RAN4 confirmation

· RN UL timing advance is maintained by donor eNB as a Rel-8 UE for both FDD and TDD
3. R-UE DL/UL frame timing
In [2], R-UE UL subframe timing alignment is discussed and three options are provided, quoted as 
· Option 1: Access UL subframe reception at RN from rUE is aligned with Access DL transmission timing to rUE.
· Option 2: Access UL subframe reception at RN from rUE is aligned with Backhaul UL transmission timing to donor eNB.
· Option 3: Access UL subframe reception at RN from rUE is aligned with donor eNB (Backhaul) DL transmission timing to RN.
Noticing that both Option 1 and Option 3 lead to Tx/Rx collision at RN, our preference is Option 2. Assuming the RN DL/UL frame timing in Figure 5, R-UE’s DL/UL frame timing for FDD is shown in Figure 6.  R-UE’s UL timing advance relative to its DL frame timing shall include eNB/RN RTT (i.e. RTT1) and RN/R-UE RTT (i.e. RTT2). 
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Figure 6:  R-UE DL/UL timing for FDD
Similarly, R-UE’s DL/UL frame timing for TDD shall also include eNB/RN RTT (i.e. RTT1) and RN/R-UE RTT (i.e. RTT2), as shown in Figure 7. The only difference compared to FDD is that additional UL timing advance (i.e. S1 = 624 Ts) is incorporated at RN to allow eNB Rx/Tx switching. Hence, R-UE’s UL timing advance can be expressed as RTT1+S1+RTT2. 
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Figure 7: R-UE DL/UL timing for TDD 
One concern with Option 2 is that R-UE’s UL timing advance is larger than the RN/R-UE RTT, which may impact RN’s coverage. In Rel-8, the start of the random access preamble formats 0-3 shall be aligned with the start of the corresponding uplink subframe at the UE assuming NTA=0. In other words, the preamble transmission timing is aligned with R-UE’s DL timing. Note that RN’s UL frame timing is advanced relative to its DL frame timing. Hence the effective RACH preamble guard time (GT) at RN is reduced approximately by the eNB/RN RTT. Figure 8 shows an example, where R-UE’s preamble reception at RN interferes with the next UL subframe. 
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Figure 8: Example of normal preamble transmission timing by R-UE
One approach to resolve the problem in Figure 8 is to use preamble formats with larger GT at RN, which does not require any specification change. An alternative is for RN to broadcast a parameter TA_preamble, such that R-UE transmits random access preamble earlier than R-UE’s DL subframe timing by TA_preamble, as shown in Figure 9. The value of TA_preamble shall equal to RN’s UL timing advance relative to RN’s DL timing (i.e. RTT1 in Figure 9). Note that for stationary RNs, its UL timing advance shall be relatively stable. In summary, given the above possible solutions, it appears that RN’s coverage shall not be an issue for Option 2 in [2].
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Figure 9: Example of advanced preamble transmission timing by R-UE
Proposal: 
· Agree on Option 2 in [2], i.e. “access UL subframe reception at RN from rUE is aligned with Backhaul UL transmission timing to donor eNB.”
4. Conclusion
In this contribution, we discuss RN and R-UE DL/UL frame timing, with the following detailed proposals:
· For RNs that synchronization with donor eNB is not required, RN DL frame timing shall account for the propagation delay between eNB and RN, as well as a fixed delay (Δ1) for RN Rx/Tx switching.
· For RNs that synchronization with donor eNB is required, no fixed delay is applied for DL frame timing.
· RN UL frame timing shall account for a fixed delay (Δ2) for RN Tx/Rx switching.
· Same fixed delay for RN Tx/Rx and RN Rx/Tx switching (i.e. Δ1 =Δ2 ), which needs RAN4 confirmation

· The amount of fixed delay for RN Tx/Rx or Rx/Tx switching is less than half OFDM symbol duration, which needs RAN4 confirmation

· RN UL timing advance is maintained by donor eNB as a Rel-8 UE for both FDD and TDD
· Agree on Option 2 in [2], i.e. “access UL subframe reception at RN from rUE is aligned with Backhaul UL transmission timing to donor eNB.”
5. References

[1]. 3GPP TR 36.814 v1.2.1, Relaying Functionality
[2]. R1-094514, “RN DL/UL subframe timing of backhaul and access link”, Panasonic
[3]. R1-094660, “Timing alignment of DL backhaul”, Nokia Siemens Networks, Nokia
[4]. R1-094661, “UL Backhaul Timing Alignment”, Nokia, Nokia Siemens Networks
[5]. R1-094592, “UL backhaul and access link timing at RN”, Samsung

[6]. R1-094799, “Consideration on the backhaul DL/UL subframe timing alignment”, LG Electronics Inc.

[7]. R1-094489, “UL/DL timing and guard periods in backhaul subframes”, ETRI
[8]. R4-094985, “HeNB Sync Requirements for Large Propagation Distance Case,” Qualcomm Europe, CMCC, Nokia Siemens Networks, Nokia

_1315661786.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

eNB DL timing


RN DL timing


�

eNB PDCCH


�

RN PDCCH


�

DL backhaul 


0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

0�

1�

     2


3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

10�

11�

12�

     13�

GP


GP


Propagation delay


DL backhaul subframe



_1318156761.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

eNB UL timing


0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

0


1�

2�

3�

4�

5�

6�

7�

8�

10�

11�

12�

13�

9�

10�

11�

12


Fixed delay D2


Propagation delay


13�

GP


GP


RN UL Backhaul Tx timing


�

UL backhaul


UL backhaul subframe



_1323513491.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

RTT1


Preamble Tx


RN DL timing


RN UL timing


R-UE DL timing


R-UE UL timing


RTT1 + RTT2


D�

D�

D�

D�

Preamble Rx


GT


GT


D�

Propagation delay


Overlap time


Preamble Tx timing


Preamble Rx timing


D�

D�

U�

U�

U�

U�

D�

D�

D�

U�

U�

U�

U�

U�

U�


_1323513727.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

RTT1


RN DL timing


RN UL timing


R-UE DL timing


R-UE UL timing


RTT1 + RTT2


D�

D�

D�

D�

Preamble Rx


GT


Preamble Tx


D�

GT


TA_preamble


Propagation delay


Preamble Tx timing


Preamble Rx timing


D�

D�

U�

U�

U�

U�

D�

D�

D�

U�

U�

U�

U�

U�

U�


_1318156762.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

eNB UL timing


RN UL Backhaul Tx timing


�

UL backhaul


0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

      0


1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

10�

11�

12


13�

GP


GP


Propagation delay


UL backhaul subframe



_1315662200.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

RTT1+S1


eNB DL/UL timing


RN DL timing


RN UL timing


R-UE DL timing


R-UE  UL timing


RTT1+S1+RTT2


D�

�

�

D�

D�

�

�

D�

dw
PTS


dw
PTS


�

U�

U�

�

�

U�

U�

�

upPTS


upPTS


D�

�

dw
PTS


upPTS


GP


�

upPTS


GP


dw
PTS


dw
PTS


upPTS


upPTS


�

D�

D�

�

�

D�

U�

U�

�

�

U�

U�

�

D


dw
PTS


U


U


D


D�

U�

U�

D�

1 radio frame



_1315738966.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

eNB DL/UL timing


�

RN DL timing


eNB DL/UL


�

RN PDCCH


�

DL backhaul


�

UL backhaul


0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

0�

1�

GP


3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

10�

11�

12�

13�

2


GP


GP


GP


RN timing advance = eNB/RN RTT + D1 - D2�

0


1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12


13�

RN UL timing


Backhaul subframe



_1315662128.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

RTT1


eNB DL timing


RN DL timing


RN UL timing


R-UE DL timing


R-UE  UL timing


RTT1+RTT2


D�

D�

D�

D�

D�

D�

D�

D�

D�

D�

D�

D�

D�

U


U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U


U�

U�

eNB UL timing


D�

D�

D�

D�

D�

D�

D�

D�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

U�

D


D


D


D


D


D�

D�

D�

D�

1 radio frame



_1315661670.vsd
�

�

文本框的高度和它所关联的边框线将随文本的增删而增减。拖动侧边手柄可以更改注释宽度。�

eNB DL timing


�

RN DL timing


eNB PDCCH


�

RN PDCCH


�

DL backhaul


0�

1�

2�

3�

4�

5�

6�

7�

8�

9�

0�

1�

GP


3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

10�

11�

12�

13�

2


GP


Fixed delay D1


Propagation delay


DL backhaul subframe



