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1 Introduction
DL subframe timing for half-duplex relay was discussed in RAN1-59bis with the following cases for further consideration:
· Case 1:

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 

· Case 2:

· This corresponds to the case when RN switching time is sufficiently shorter than the cyclic prefix and RN DL access transmit time is aligned to the DL backhaul reception time at the RN 

· Case 3: 

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

· Case 4: 

· This corresponds to the case when RN can receive the normal PDCCH.

This contribution provides the analysis of the above cases where we show our proposal for certain cases to support practical deployment scenarios. Some assumptions are pending on LS response from RAN4. 
2 Timing of backhaul and access link in downlink
Since an inband half-duplex relay cannot transmit and receive on the same frequency at the same time, the switching of Tx/Rx or Rx/Tx requires some guard period. In the following description, GP1 and GP2 are used to denote the guard period of Rx/Tx and Tx/Rx switching, respectively, and the sum of these two GPs is shorter than OFDM symbol duration, i.e. 
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. Two OFDM symbols are assumed for access link control region, and 
[image: image2.wmf]P

T

 stands for backhaul DL propagation delay. Normal CP is configured for access and backhaul subframes.
2.1 Case 1
Case 1 subframe timing is shown in Figure 1 where RN switching time is longer than cyclic prefix and there is a slight offset 
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 between RN DL access transmission time and DL backhaul reception time. That is: RN DL access transmission time is delayed with respect to eNB DL backhaul transmission time by
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. The slight offset 
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, i.e. fixed delay, should satisfy
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 so that symbol #2 is punctured and 11 OFDM symbols are available for backhaul transmission.
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Figure 1 DL case 1

Similar concepts as case 1 have been proposed by many companies over recent RAN1 meetings [1-7] assuming RN switching time is longer than cyclic prefix. By introducing a fixed delay, more backhaul resources would be available compared to without the delay. Although certain technologies such as MBMS, or JP CoMP may not be feasible between donor eNB and RN due to the fixed delay and propagation delay, case 1 timing seems feasible in most other cases for FDD.
For most of practical deployment scenarios in FDD, we propose case 1 should be the baseline unless the switching time is shorter than the cyclic prefix. 
2.2 Case 2
Case 2 corresponds to the case that RN switching time is sufficiently shorter than the cyclic prefix [7]. In this case RN switching time will not occupy the OFDM symbol, thus RN DL access transmission time is aligned with RN DL backhaul reception time. That is: RN DL access transmission time is delayed with respect to eNB DL backhaul transmission time by
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, and maximum of 12 OFDM symbols can be used for backhaul transmission as shown in Figure 2.
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Figure 2 DL Case 2

Similar to case 1, case 2 also has issue with MBMS and JT of CoMP.
2.3 Case 3
In case 3, RN DL access transmission is tightly aligned with the eNB DL backhaul transmission, and RN DL access transmission time is advanced with RN DL Backhaul receiving time by 
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. Depending on RN switching time and propagation delay between eNB and RN, the following scenarios are considered: 
a. As shown in Figure 3a, when the propagation delay satisfies
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, symbol #13 is punctured for guard period and 11 OFDM symbols can be used for backhaul transmission in this case. 
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Figure 3a DL case 3a
Upon receiving the LS response from RAN4 regarding the switching time, we can estimate the range for distance between eNB and RN so that backhaul resource can be maximally used. For example, if 
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[6], the distance between eNB and RN is about 6 km ~ 15 km in this scenario.
b. In case of
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, RN Tx/Rx switching cannot be completed in
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, #2 symbol should be punctured and only 10 symbols are available for backhaul resources as shown in Figure 3b.
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Figure 3b DL case 3b

c. As Figure 3c shows, in case of excessive propagation delay,
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, two last symbols have to be punctured, resulting in only 10 symbols for backhaul transmission. 
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Figure 3c DL case 3c

In above scenarios of case 3, eNB and RN DL transmission can be synchronized and there is no issue on supporting CoMP or ICIC.
Only when the propagation time and switching time satisfy 
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 can we use up to 11 OFDM symbols for backhaul link, otherwise, more symbols have to be punctured as shown in case 3b or 3c. It is noted that the last backhaul symbol (#13) is punctured in case 3, and therefore the Rel. 9/10 DM-RS reception at RN will be significantly impacted. 
Also note that backhaul symbol #2 can hardly be used for backhaul transmission if PDCCH for macro UE occupies three or more symbols, in which case the backhaul resource usage would be quite low.
2.4 Case 4
As Figure 4 shows, RN DL access transmission time is advanced with respect to DL backhaul reception time by 
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 which includes the length of access link PDCCH and a slight offset
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 [8]. That is: RN DL transmission time is advanced respect to eNB DL transmission time by
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. Similar to case 1, 
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 could be modified to satisfy 
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 so that 11 OFDM symbols can be used for backhaul transmission.
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Figure 4 DL case 4

In case 4, no R-PDCCH is needed as RN can receive PDCCH directly from eNB. However, in general the excessive timing advance poses serious interference issue. Similar to or maybe even worse than case 3, RN cannot receive the last few symbols that can carry Rel-9/10 DMRS. 
2.5 Comparison
In Table 1, comparisons between the four DL timing cases are summarized where k is used to denote the number of OFDM symbols for L1/L2 control in access link
Table 1 Comparison of DL timing cases

	DL
	Time offset between RN and eNB DL transmission time
	Max. available # symbols of backhaul link
	Backhaul resource utilization
	Support for DL CoMP, ICIC 
	Reception of the last OFDM symbol 
	PDCCH reuse

	Case 1
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 (delay)
	13-k
	High
	Slight  impact
	Yes
	No

	Case 2
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  (delay)
	14-k
	Highest
	Slight impact
	Yes
	No

	Case 3
	Strictly aligned
	≤13-k
	Low
	No impact
	No
	RN might partially receive PDCCH

	Case 4
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(advance)
	13-k
	Lowest
	Serious impact
	No
	Yes


3 Conclusions

Based on the analysis of four timing cases, we propose that:
· If RN switching time is longer than cyclic prefix, case 1 should be baseline at least for FDD. 
· Case 2 should be considered if switching time is significantly shorter than cyclic prefix. 
Depending on the response from RAN4 regarding synchronization requirement between eNB and RN, case 4 may be considered. 
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