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1 Introduction
In RAN1-59bis meeting, four candidate schemes for UL subframe timing were listed for further consideration [1]:
· Case 1:

· This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap (delay)
· Case 2:

· 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: 

· This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap (advance)
· Case 4: 

· This corresponds to the case where the UL eNB Rx and the UL RN Rx timing is aligned

In this contribution we provide some analysis of the above UL timing cases. 
2 Timing of backhaul and access link in uplink
Since an inband half-duplex relay cannot transmit and receive on the same frequency at the same time, the switching from Tx/Rx or Rx/Tx requires some guard period. In the following description, GP1 and GP2 are used to denote Rx/Tx and Tx/Rx switch guard period, respectively. The sum of the two GPs is assumed less than one SC-FDMA symbol, i.e. 
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. Normal CP configured is considered and
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 is used to denote backhaul propagation delay.
2.1 Case 1
As shown in Figure 1, in case 1 RN switching time is longer than cyclic prefix and there is a fixed gap 
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 between RN UL access reception time and UL backhaul transmission time. That is: RN UL access reception time is advanced with respect to eNB UL backhaul reception time by 
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). When the fixed gap 
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 i.e. fixed delay satisfies
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, only symbol #0 needs be punctured for RN switching and 13 symbols are available for UL backhaul transmission. 
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Figure 1 UL case 1

As a lot proposals during the previous RAN1 meetings[2-9], when RN switching time is longer than cyclic prefix, because of a fixed delay, more backhaul resources could be available comparing with no offset between backhaul transmit and access reception time at RN. And the last backhaul symbol (#13) can be used for Un SRS transmission by RN as a macro UE. 
The signal from one UE may not arrive at the same time to eNB and RN due to the fixed delay and propagation delay, the globally synchronized TDD network may be slight impacted depending on the backhaul UL propagation delay and RN switching time.
For most of practical deployment scenarios, we propose case 1 should deserve prior attention and consideration. 
2.2 Case 2
In case 2, there are two alternatives case 2a and case 2b described as follows:
· Case 2a 
This case supports that when RN switching time is sufficiently shorter than the cyclic prefix [10]. In case 2a RN switching time will not cost SC-FDMA symbol, thus RN UL access reception time can be tightly aligned with RN UL backhaul transmission time. That is: RN UL access transmit time is advanced with eNB UL backhaul reception time by
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, and all 14 SC-FDMA symbols can be used for backhaul transmission as shown in Figure 2a.
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Figure 2a UL case 2a
If it is confirmed by RAN4 that RN switching time is sufficiently shorter than the cyclic prefix, case 2 would be a good choice due the maximum utilization of backhaul resource and minimum impact on uplink control channels as well as SRS in backhaul.
However, since RN UL reception time is not aligned with eNB UL backhaul reception time, the support for globally synchronized TDD network or UL CoMP might be slightly impacted as in case 1.
· Case 2b 
In this case all 14 SC-FDMA symbols can be used in backhaul even though the RN switching time is longer than the cyclic prefix as shown in Figure 2b. In this case, the access subframe which is in front of a backhaul subframe should be configured as a cell-specific SRS subframe and the last SC-FDMA symbol (#13) in this subframe is punctured for RN switching without impacting on UE traffic transmission. 
As shown in Figure 2b, RN UL access reception time is advanced with respect to eNB UL backhaul reception time by
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 for a maximum usage of backhaul resource.
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Figure 2b UL case 2b
In case 2b, it could get as much available backhaul resources as in case 2a and could allow longer RN switching time as in case 1. In addition, there is no impact on Un SRS and PUCCH transmission. But the access SRS subframe configuration is limited in case 2b, and the access UL measurement is slightly impacted.
2.3 Case 3
As Figure 3 shows, RN UL reception time is advanced with UL transmit time by 
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and as a result RN UL reception time is advanced with eNB UL reception time by
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. Similar to case 1, if the fixed gap 
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, up to 13 up SC-FDMA symbols could be used for backhaul transmission.
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Figure 3 UL case 3
In case 3, the last backhaul symbol (#13) is punctured and cannot be used by RN for Un SRS transmission, Only the shortened PUCCH is supported. 
2.4 Case 4
In case 4, RN UL access reception is strictly synchronized with eNB UL backhaul reception, and RN UL access reception time is advanced with respect to RN UL backhaul transmission time by
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. Depending on RN switching time and distance between eNB and RN, following different scenarios are considered:
I. As shown in Figure 4, when the propagation delay satisfies
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, symbol #0 is punctured for guard period. At most 13 SC-FDMA symbols can be used for backhaul transmission in this scenario. 
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Figure 4 Scenario I in UL case 4
When RAN4 confirms the length of switching time, a certain range could be calculated for the distance between eNB and RN. Taking 
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for example, it is required the distance between eNB and RN is about 6 km ~ 15 km in this scenario.
II. In case of
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, RN Tx/Rx switching cannot be completed during 
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 period, and #13 symbol is punctured. As shown in Figure 5, it results in one less symbol for backhaul than scenario I.
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Figure 5 Scenario II in UL case 4
III. As Figure 6 shows, in case of
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, symbol #1 is punctured for RN switching and possibly more symbols in backhaul cannot be used because of the excessive propagation delay.
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Figure 6 UL Scenario III in UL case 4
In these scenarios of case 4, there is an offset of 
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between UL access reception and UL backhaul transmission at RN, so that eNB UL backhaul reception and RN UL access reception can be strictly synchronized. Such case may be more favorable to TDD systems.
Only when backhaul propagation delay satisfies
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can we use up to 13 symbols for UL backhaul, otherwise, two or more symbols have to be punctured as in Scenario II or III. It is noted that the last backhaul symbol (#13) is punctured in Scenario II, and therefore the Un SRS cannot be transmitted by RN.
2.5 Comparison
The comparisons of above four UL timing cases are summarized in Table 1:
Table 1 Comparison of UL timing cases
	UL
	Time offset between RN and eNB UL receptions
	Available # symbols of backhaul link
	Backhaul resource utilization
	Backhaul SRS transmission
	Globally synchronized TDD network and UL CoMP support

	Case 1
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	13
	High 
	Yes
	Slight impact 

	Case 2a
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	14
	Highest 
	Yes
	Slight impact

	Case 2b
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	14
	Highest
	Yes
	Slight impact

	Case 3
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	13
	High
	No
	More impact 

	Case 4
	Strictly aligned
	≤13
	Low 
	Yes in Scenario I and III
No in Scenario II 
	No impact


3 Conclusions
Before RAN4 provides feedback on whether global synchronized is needed between eNB UL reception and RN UL reception in TDD, more attention could be paid to the follow cases for UL timing:
· If RN switching time is longer than cyclic prefix, case 1 is a good candidate for future discussion. 
· Case 2 is also a good candidate for future discussion
References

[1] 3GPP, R1-100807, “WF on timing of backhaul and access link in downlink”, LGE, Huawei, Ericsson, ST Ericsson, ZTE, ETRI, RIM, HTC, Mitsubishi, Panasonic, Samsung, CATT, RAN1#59b, Valencia, Spain, January 2010.

[2] 3GPP, R1-100027, “Design of Relay Frame Timing in LTE-A”, CATT, RAN1#59b, Valencia, Spain, January 2010.

[3] 3GPP, R1- 100339, “UL Backhaul Timing alignment”, Nokia Siemens Networks, RAN1#59b, Valencia, Spain, January 2010.

[4] 3GPP, R1-100460, “Timing Relationships in Type I Backhaul Subframe Structure”, Texas Instruments, RAN1#59b, Valencia, Spain, January 2010.

[5] 3GPP, R1-100538, “Timing alignment of access and backhaul link”, ZTE, RAN1#59b, Valencia, Spain, January 2010.

[6] 3GPP, R1-100461, “UL/DL timing for the relay node”, ETRI, RAN1#59b, Valencia, Spain, January 2010.

[7] 3GPP, R1-100547, “Guard periods and timing for backhauling in Type 1 relays”, Mitsubishi Electric, RAN1#59b, Valencia, Spain, January 2010.

[8] 3GPP, R1-100557, “Discussion on timing offset scheme on backhaul for Relay”, CMCC, RAN1#59b, Valencia, Spain, January 2010.

[9] 3GPP, R1-100752, “Support of Synchronization between eNB-UE and RN-UE link”, LG Electronics Inc, RAN1#59b, Valencia, Spain, January 2010.

[10] 3GPP, R1-100802, “Frame Timing for Relay Operation with RF Switching Times”, Qualcomm Incorporated, RAN1#59b, Valencia, Spain, January 2010.


































_1327168867.unknown

_1327168871.unknown

_1327213565.unknown

_1327213988.unknown

_1327213999.unknown

_1327229527.unknown

_1327213974.unknown

_1327168873.unknown

_1327213004.unknown

_1327213155.unknown

_1327168874.unknown

_1327168872.unknown

_1327168869.unknown

_1327168870.unknown

_1327168868.unknown

_1327154246.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


13 SC-FDMA symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


0


eNB


RN Backhaul


RN Access


UE


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


13


GP1


GP2


Access


Backhaul


GP


Empty



_1327168863.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


12 SC-OFDM symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


eNB


RN Backhaul


RN Access


UE


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


13


GP1


GP2


0


0


Aligned 


Access


Backhaul


GP


Empty


13



_1327168865.unknown

_1327168866.unknown

_1327168864.unknown

_1327154636.unknown

_1327165425.unknown

_1327155420.unknown

_1326801868.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


14 SC-FDMA symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


0


eNB


RN Backhaul


RN Access


UE


13


13


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


13


Aligned 


Access


Backhaul


Empty



_1327144075.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


13  SC-FDMA symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


0


GP1


GP2


eNB


RN Backhaul


RN Access


UE


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


13


Access


Backhaul


GP


Empty



_1327144102.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


14 SC-FDMA symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


0


GP1


GP2


eNB


RN Backhaul


RN Access


UE


13


12


12


13


13


12


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


13


12


Access


Backhaul


GP


Empty



_1327145213.unknown

_1326873130.unknown

_1326802878.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


13 SC-OFDM symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


eNB


RN Backhaul


RN Access


UE


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


13


GP1


GP2


0


0


Aligned 


Access


Backhaul


GP


Empty



_1326701060.unknown

_1326780770.unknown

_1326801326.vsd
0


1


2


3


4


5


6


7


8


9


10


11


12


0


1


3


4


5


6


7


8


9


10


11


12


13


2


12 SC-OFDM symbols


2


3


4


5


6


7


8


9


10


11


12


13


0


1


13


eNB


RN Backhaul


RN Access


Aligned 


UE


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


13


GP1


GP2


0


0


Access


Backhaul


GP


Empty



_1326701161.unknown

_1326697752.unknown

