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1
Introduction
In this contribution we review some timing requirements in RAN4 to clarify the meaning of synchronization. The timing requirements for RN are further analyzed based on the clarification. And the text proposal for TDD RN sync requirement is provided.
2 Discussion
2.1 Sync requirement and other timing requirement
TS36.133 [1] contains the timing requirement for LTE system, which are summarized as following table1:
Table1 timing requirements

	Equipment type
	Timing
	Timing accuracy

	TDD Macro eNB
	The frame start timing between any pair of cells on the same frequency that have overlapping coverage areas are expected the same.
	Cell range( 3 km
	( 3 (s

	
	
	Cell range> 3 km
	( 10 (s

	TDD HeNB
	
	Distance between MeNB and HeNB( 500 m
	( 3 (s

	
	
	Distance between MeNB and HeNB > 500 m
	(1.33 + Tpropagation (s

	FDD eNB
	No requirement
	No requirement

	UE
	The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell
	BW=1.4MHz 
	24*TS≈0.78 (s

	
	
	BW≥3 MHz
	12*TS≈0.39 (s


So the target of the frame start timing (DL subframe) of TDD Macro eNB and TDD Home eNB are alignment with each other as timing is the baseline for normal operation of TDD system. And the requirements of sync accuracy could be relaxed for large range depending on the analysis of particular scenarios. All the timing requirements for TDD eNB mentioned above are named as synchronization requirement. There is no corresponding requirement for FDD eNB. For the situation which sync requirement is necessary, e.g. MBSFN, it is treated as an implementation issue which is not defined in 3GPP spec. At UE side the UL frame transmission is depended on the TA command and the timing of corresponding DL frame reception from the served eNB, which can not be termed as synchronization with served eNB. And UE UL timing error is with more tighten requirement than the TDD eNB synchronization accuracy. All the requirements above could be reference in definition of RN synchronization and timing requirement.
2.2  Timing requirement for RN
In [2] RAN1 informed RAN4 the RAN1 decision on DL timing between eNB and RN:
WF is modified as follows:

· Cases 1 and 3 are supported (no change to definition of case 1 compared to previously agreed definition)

· The support of case 2 is still under consideration depending upon RAN4 inputs

· Case 4 is FFS

Modified WF is agreed subject to the following:
· Note that discussions are ongoing in RAN4 regarding the possible impact of DeNB-RN separation on support for Case 1 for TDD. 

· From RAN1 specification perspective both cases are supported; from implementation perspective both are considered optional from RAN1 point of view. 

· Handling of possible impact on CSI-RS is FFS.
It is clear that from RAN1 spec perspective both case1 and case3 are supported, but it is also consensus in RAN1 that the agreements in RAN4 scope could have impact on support for case1 for TDD, i.e. RAN4 could make decision from RAN4 point of view.
DL case1 and case3 relate to different timing and accuracy which are shown as following table2:
Table2 
	Case number
	Timing
	Timing accuracy

	Case1
	The fixed offset is used for Rx/Tx switching. As one symbol is wasted for switching twice, fixed offset could be chosen as 35.7(s, ie half of the symbol length. The downlink frame transmission takes place [35.7(s plus propagation delay between donor eNB and RN] after downlink frame beginning of donor eNB. Or the downlink frame transmission takes place 5496*Ts before the reception of the corresponding downlink frame from the donor eNB.
	Switching time=17(s
	( 18.7 (s

	
	
	Switching time=[17-x] (s,

x＜17
	( [18.7+x] (s

	Case3
	The frame start timing of downlink between RN and donor eNB are expected the same.
	( 3 (s
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Figure 1: DL case1
In figure1 and table2 it illustrates that the DL case1 can not be named as synchronization, and the timing error of case1 is dependent on the achieved switching timing which is not fixed. The timing requirement for case1 could follow the definition way of [
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] for frame structure type 2 in TS36.211. Or a new subsection could be introduced for DL timing requirement for case1 in TS36.133. For case3, which supports absolute synchronization, the synchronization accuracy should be no more than 3(s.
For FDD RN the situation is simple, it is agreed that both case1 and case3 are optional without any additional limit. For FDD Relay which supports case3, it also could be treated as implementation issue.
For TDD RN, the frame start timing of downlink should be aligned with other TDD eNB type, i.e. the case3 should be the baseline for TDD RN. The analysis in [3] shows that considering the available symbol in one downlink subframe it is reasonable to use case1 for TDD in certain DeNB-RN range. The distance, which is suggested as 15km, could be further discussed. So TDD RN also supports the DL timing case1 and case3, but in different range.
3 Conclusion 

It is proposed to define the relative tighten synchronization accuracy (3 (s) for TDD RN within certain distance from donor eNB. And the text proposal is given.

For DL case1 the timing requirement could be defined in either RAN1 or RAN4 spec, which could be further discussed.
4 Text proposal
----------------------------------------------------Start of Text Proposal--------------------------------------------------------
9.4
RRM aspects
<Text will be added>
9.4.1 Cell phase synchronization accuracy (TDD)
The cell phase synchronization accuracy of Relay access link is introduced to avoid the interference because of DL/UL overlapping at the same frequency band. The cell phase synchronization accuracy of Relay access link is defined as the maximum absolute deviation in frame start timing between Relay and its donor eNB. In TS36.133 there is cell synchronization accuracy for E-UTRA TDD eNB and the Relay works as normal eNB in access link, so the TDD Relay should follow the corresponding requirement of Wide area eNB in TS36.133 in certain range. 

For TDD Relay, the cell phase synchronization accuracy measured at access antenna connectors shall be better than the requirement specified in table 9.4.2-1. 
Table 9.4.1-1 synchronization accuracy for TDD Relay
	Donor eNB type
	d(Distance from donor eNodeB)
	Synchronization requirement

	TDD eNB
	d([x]km
	(3(s

	Note:[X] is FFS.


---------------------------------------------------End of Text Proposal--------------------------------------------------
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