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1. Introduction
Regardless of FDD or TDD relay, backhaul and access transmissions are based on TDD duplex scheme. Therefore, there must be the requirement of transition time at RN. In order to achieve the compatibility to Rel-8 UE, the special guard period (GP) for the transition time must be set in backhaul subframes, which will degrade the backhaul capacity. It is well known that the backhaul is the bottleneck for relay to improve the cell capacity. Thus, an efficient GP design is benefit to relay.

2. Synchronization requirement discussion

For eNB, the subframe timing is absolute, which is the timing baseline for both RN and UE. For DL transmission from eNB, both RN and UE will receive the downlink subframe with a delay offset based on the timing baseline. For UL transmission to eNB, both RN and UE must time advance according to the propagation distance to align the UL Rx subframe at eNB.

Synchronization is important to TDD networks. In order to avoid the interference between the adjacent cells, synchronization for TDD networks must be rather strict. For LTE TDD, 3GPP RAN4 requires the synchronization error between different eNBs must be smaller than 3us [1]. According to the previous definition, type I RN seems to be an eNB. It is reasonable to require type I RN reaches the same synchronization precision as eNB. Note that the backhaul transmission must be delayed for DL and advanced for UL at RN because of the propagation delay. In order to overcome the effect on synchronization, the special GP design should also take the backhaul propagation delay into account. In fact, it is possible for RN to get the accurate TA parameter between eNB and RN by the random access procedure for UE. If the RN is fixed, it is enough for RN to measure the TA parameter only once. RRC can configure the special GP size according to the TA parameter. As the special GP is set in backhaul subframe, RN can align its subframe to its donor eNB subframe. Therefore, RN can absolutely synchronize to its donor eNB.

In addition, according to 3GPP TS36.104 and TS36.101, the transition time for both Tx to Rx and Rx to Tx is 17us for eNB [1] and 20us for UE [2]. Therefore, the 20us assumption for RN is reasonable.

3. Guard Period Overhead

As shown in Fig.1, the DL backhaul subframe requires 2 GPs. The first GP is used to the transition procedure from Tx to Rx and propagation delay between RN and its donor eNB. If assuming 3Km cell radius, the maximum propagation delay is about 10us, and thus it is enough for 30us GP to ensure the subframe synchronization. Note that even if the next subframe is another DL backhaul subframe, the second special GP for transition procedure from Rx to Tx is still mandatory because of the PDCCH transmission at the first several OFDM symbols in the next subframe. Similarly, the second GP is also 30us. For uplink backhaul subframes, RN must experience the transition procedure from Rx to Tx, and thus the first special GP is mandatory. If another UL backhaul subframe or TAoffset slot is followed, the second special GP can be omitted. Otherwise, it is also required. As the transition time from Rx to Tx is the same as the transition time from Tx to Rx, both GPs for UL backhaul are also 30us.
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Fig.1: Relay frame structure for LTE TDD config.1
Note that the minimum time unit in LTE subframe is one OFDM symbol. For the normal cyclic prefix, the OFDM symbol period is larger than 70us. Although the special GP requirement is smaller than half of one OFDM symbol, the minimum GP configuration has to be the whole OFDM symbol. For DL backhaul subframe, if the first two OFDM symbols are used to PDCCH transmission, two GP overhead will reduce the transmission efficiency by 16.7%. For UL backhaul subframe, the transmission efficiency will also decrease 7.1% or 14.3% by one or two GPs.

4. Uplink Timing Adjustment

In order to overcome the efficiency degradation, the contribution provides an uplink timing scheme to avoid the GP overhead in UL backhaul subframes for TDD relay. As shown in Fig.2, RN is absolutely synchronized to eNB in order to reach the TDD synchronization requirement. The donor eNB and RN advance their uplink subframe timing TAgp in order to get the enough time resource to use as GPs overhead. Accordingly, the timing advance signalling for relay UE and macro UE will equal to the sum of TAgp and the real propagation delay. For uplink backhaul transmission, RN will time advance in the first special GP. Note that the uplink backhaul subframe is a black box to UE, and thus any new timing design is compatible to Rel-8 UE. For example, the subframe 3 is used to uplink backhaul transmission. A special GP is set between the uplink access subframe 2 and backhaul subframe 3. Based on the scheme, there is not any extra overhead in UL backhaul subframes, and the UL backhaul capacity can be improved significantly. Note that the special GP is equal to TAgp, and therefore the RN timing at the end of subframe 3 can be aligned to eNB timing. As TAoffset follows subframe 3, there is no requirement for the second special GP. Otherwise, TAgp should also take the second special GP into account.
For DL backhaul subframes, the first one or three symbols at RN are used to PDCCH for UE. In order to ensure Rel8 UE to receive the PDCCH successfully, the start timing of DL backhaul subframes at Rel-8 UE can not be adjusted. Therefore, the special GPs in DL backhaul subframes can not be omitted by uplink timing adjustment. If the DL backhaul subframe is a blank subframe for UE, it is also possible for uplink timing to avoid the special GPs requirement.

Note that the uplink timing adjustment at eNB and RN may disturb the short PRACH channel in UpPTS. Therefore, the scheme is suitable to the large cell deployment. If the short PRACH is disabled, the scheme is also useful to the small cell scenario. 
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Fig.2: Uplink timing adjust for TDD relay to improve backhaul capacity 
According to the analysis in section 3, the overhead of all special GPs is far larger than the transition time requirement because the minimum time unit in LTE subframe is one OFDM symbol. Note that it is possible for the uplink timing adjustment scheme to reduce the system overhead. For example, the sum of transition time and propagation delay is 30us. Two special GPs in the UL backhaul subframe will result in two OFDM symbols overhead, 144us, but the real requirement is only 60us. For the uplink timing adjustment scheme, TAgp can be only 60us or up to one OFDM symbol. And thus, the system overhead is reduced.
5. Conclusion

For TDD relay, it is possible to avoid the special GPs overhead in UL backhaul subframes by uplink timing adjustment. If the DL backhaul subframes at RN are MBSFN subframes, the scheme cannot reduce the special GPs overhead in DL backhaul subframes. If the DL backhaul subframes for UE are blank, the scheme may be also effective. Although the uplink backhaul capacity can be improved by uplink timing adjustment, the overhead in the special subframe is increased by TAgp. However, as several special GPs in backhaul subframes can be combined in fewer OFDM symbols by TAgp, the system overhead is reduced. In addition, synchronization is serious for TDD system. In order to avoid the interference between relay cell and its donor eNB cell, we suggest the synchronization error between RN and its donor eNB should be standardized by RAN4.

Proposal:

1. The synchronization requirement and transition time for relay need to be specified.
2. The additional timing advance scheme is useful to avoid or reduce the backhaul guard period overhead for TDD relay. We suggest that 3GPP RAN1 can consider and research the scheme.
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