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1 Introduction
It has been extensively discussed for timing relation between eNB and relay for FDD and working assumption for uplink timing for FDD relay is agreed in RAN1 #60 meeting [1, 2] . There are also some contributions on backhaul interference and timing synchronization for TDD relay in previous meeting [3-8]. 
This contribution aims to discuss the possible schemes on UL timing synchronization for TDD relay. 
2 Possible schemes of UL timing synchronization for TDD relay 
There are mainly four schemes for UL timing synchronization for TDD relay proposed in previous meetings [3-5]. Scheme 1 is that TDD relay is tightly synchronized with eNB. Scheme 2 is that relay is AI (Air Interface) synchronized to eNB. Scheme 3 is proposed that relay employ a half GP of that used by eNB under tightly synchronization. Scheme 4 is a flexible selection between tight synchronization and relaxed synchronization. 
Taking TDD configuration 6 as example, the following figures illustrates these four schemes respectively. In figure 1, figure 2 and figure 3, it is supposed that subframe #4 and subframe #9 are used for UL backhaul link and DL backhaul link, respectively.
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fig. 1  scheme 1 for TDD relay under GPS synchronization

As shown in fig.1, Scheme 1 is that the access link UL/DL subframe boundary at RN is tightly aligned with UL/DL subframe boundary at eNB. In order for RN to receive the complete UL access subframe #3, the first part of the UL backhaul subframe #4 is taken as RN Rx-Tx switch time Ts and propagation duration Tp from RN to eNB.
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fig. 2 scheme 2 for TDD relay under AI synchronization
Fig.2 illustrates the alignment between RN and eNB with a fixed offset To. This scheme is proposed to maximize DL backhaul resource. However, in order for RN to recieve the complete UL access subframe #3, the first part of the UL backhaul subframe #4 is taken as the fixed offset To, RN Rx-Tx switch time Ts and propagation duration Tp from RN to eNB.

[image: image3.emf]U U

eNB

#1 #2 #3 #4 #0

RN

D U

UL 

SF

G

P

GP of 

Special 

SF

Blank

Switch 

Time

U D

D GP U D

D U

U

U UL-B

DL 

SF

T

p

G

P


fig. 3 scheme 3 for TDD relay under GPS synchronization (shorter GP)
Scheme 3 was proposed in previous meeting that TDD relay employ half GP of that used at eNB. As shown in Fig.3, by taking a shorter GP, relay can receive a complete UL access subframe #3 and a complete UL backhaul subframe #4 if Ts+Tp< GP/2 is hold. However, with a shorter GP, this scheme results in a smaller RN cell coverage.
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Fig. 4 (a) scheme 4 for TDD relay when eNB-RN distance<15km
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Fig. 4 (b) scheme 4 for TDD relay when eNB-RN distance>15km
Scheme 4 is proposed to apply tight synchronization with eNB when eNB-RN distance is less than 15km, and to apply relaxed synchronization with eNB when eNB-RN distance is larger than 15km, as shown in fig. 4(a) and fig. 4(b), respectively [5]. In order to maximize UL backhaul resource, the last SC-FDMA symbol in the UL access subfarme preceding the UL backhaul subframe to provide RN Rx-Tx switch time. By configuring the UL access subframe preceding the UL backhaul subframe as a cell-specific SRS subframe, RN can prevent PUSCH/PUCCH transmission on the last SC-FDMA symoble from RN-UEs. However, when eNB-RN distance is larger than 15km, it can be deduced that the relaxed synchronization employed will have a shorter GP and result into a smaller RN cell coverage.
3 Discussion 
As indicated in contributions [5-7], tight synchronization between eNB and RN for TDD systems helps mitigating inter-site interference. Tight synchronization for UL timing means that the relay UL receiving timing is aligned with the eNB UL receiving timing. On the other hand, RN UL backhaul transmission needs to be advanced by a propagation duration Tp comparative to eNB UL backhaul receiving timing. Thus, when a UL backhaul subframe follows a UL access subframe (or UpPTS), a gap is needed to provide RN Rx/Tx switching time Ts and a eNB-RN propagation duration Tp, just as shown in fig. 1. This gap can be provided either by taking the first part of the UL backhaul subframe or by taking the last part of the preceding UL access subframe.
As backhaul link is throughput bottleneck in a RN-enhanced system, it is desirable to maximize available UL backhaul resource. Thus, it is preferred that the last part (the last SC-FDMA symbol in most cases) of UL access subframe preceding the UL backhaul subframe is taken to provide RN Rx/Tx switching time Ts and the propagation duration Tp. Furthermore, there are following two cases of RN taking the last SC-FDMA symbol of the UL access subframe. 
1. RN punctures the last SC-FDMA symbol of UL PUSCH from RN-UEs. 
2. RN punctures the UL SRS channels from RN-UEs, which locate at the last SC-FDMA symbol of the cell-specific SRS subframe(s).   
It has been proposed that the last SC-FDMA symbol in the UL access subframe (or UpPTS) preceding the UL backhaul subframe is punctured to provide RN Rx-Tx switch time Ts and propagation duration Tp [1, 5]. RN can broadcast cell-specific SRS configuration to prevent PUSCH/PUCCH transmissions on the last SC-FDMA symbol from RN_UEs. However, this scheme has two disadvantages:

1. UL backhaul subframe should follow a cell-specific SRS access subframe, which is not flexible enough for UL backhaul resource configuration. Configuration of cell-specific SRS access subframe is related to the number and mobility of RN-UEs. UL backhaul resource configuration is related to traffic load on UL backhaul link. These two kinds of configuration may not be a close match.
2. Number of opportunities for UL access SRS and CQI/PMI in PUCCH will be reduced significantly for TDD relay [8]. The number of reduced opportunities depends on the traffic load on UL backhaul link. That is, the more UL backhaul subframes per radio frame the more punctured SRS and CQI/PMI messages. The performance loss resulted from reduced SRS opportunities needs to be further studied. 
4 Puncturing last SC-FDMA symbol of PUSCH 
Another case of puncturing the last symbol of UL access subframe is that RN punctures the last SC-FDMA symbol of PUSCH from RN-UEs. With knowledge of UL backhaul configuration, RN can schedule the UL access subframe preceding the UL backhaul subframe to RN_UEs flexibly. In order to make sure block error of the first data transmission on PUSCH of which the last symbol is punctured, RN need to assign an appropriate lower MCS format to the scheduled RN-UEs in the UL grant message which is usually more than 4ms before the PUSCH transmissions. 
Simulations are performed to find out the performance loss when the last SC-FDMA symbol of PUSCH from RN-UEs is punctured. In the following simulation, “Normal” denotes that no symbol is punctured on PUSCH. “Known Punctured” denotes that RN knows that the last symbol will be punctured and assigns a matched MCS format to the scheduled RN-UEs before PUSCH transmission. Table I gives simulation parameters.
Table I   Simulation parameters 

	Simulated schemes
	Normal / Known Punctured

	Carrier Frequency
	2GHz

	FFT size
	512

	MCS formats
	Format 1:  QPSK 1/2 Turbo code

Format 2:  16QAM 3/4 Turbo code

	TB sizes
	Format 1:  Normal:1674 / Known Punctured:1554
Format 2:  Normal:1502 / Known Punctured:1394

	Signal RBs
	Format 1:  10 RBs
Format 2:  3RBs

	Channel Model
	TU channel, 120km/h

	Channel Estimation
	Ideal channel estimation

	Equalization
	ZF

	Decode Iteration number
	6


The BLER curves of these two schemes with different MCS formats are given in fig. 5. It is obvious that “normal” and “known punctured” schemes have almost the same BLER values with both MCS formats. This indicates that puncturing the last symbol with employing some adaptive techniques beforehand will result in a lower block error of the first data transmission as needed. 
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Fig.5 BLER curves of 2 schemes in TU channel
5 Summary
In order to maximize UL backhaul resource, RN can puncture the last SC-FDMA symbol of the UL access subframe preceding the UL backhaul subframe to provide RX-Tx switch time and propagation time to donor eNB. This can be implemented by either puncturing the last symbol of PUSCH or puncturing SRS of the cell-specific SRS subframe.
When applying puncturing the last SC-FDMA symbol of PUSCH from RN-UEs, RN needs to indicate the scheduled RN_UEs with a matching lower MCS format to make sure the block error of the first data transmission on PUSCH. 
The performance loss of puncturing SRS of the cell-specific SRS subframe for TDD relay needs to be further studied.
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