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1 Introduction

For type1 relay node (RN) DL, four cases for timing of backhaul and access link are discussed in RAN1 #59bis and #60 meeting. For DL alignment, guard periods are necessary in order to have RF switching time Tx(Rx and Rx(Tx at RN. These two switching periods reduce the available number of OFDM symbols which RN can receive from donor eNB. We compared four cases of the timing shift. 
For Case 1, Case 2 and Case 3, the starting symbol of R-PDCCH and R-PDSCH should be necessary to be considered since OFDM symbols which can be received by RN are depending on the propagation delay and the number of PDCCH in eNB cell and RN cell.
2 Discussion
2.1 DL subframe timing
The four DL subframe timing options are shown in the following figures. In those figures, for backhaul subframe, OFDM symbols #0, #1 and #2 are assumed PDCCH for dUE (UE connected to donor eNB) and OFDM symbols #3 to #13 are assumed R-PDCCH and R-PDSCH for RN. For access link subframe, OFDM symbols #0, #1 are assumed PDCCH for rUE (UE connected to relay).
Case 1
RN can receive the DL backhaul subframe starting from OFDM symbol#3 until the end of the subframe (#13 in case of normal CP)

· 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 
The duration of backward shift 
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 can be assumed from switching period to (1 OFDM symbol duration - switching period). As switching period can be assumed as less than half OFDM symbol, 
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 is assumed as half OFDM symbol duration in option 2 as a worst-case. 
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Fig. 1 Case 1 (DL) for normal CP

Properties:

· RN can not receive OFDM symbol #0, #1, and #2. 

· RN receives 11 OFDM symbols (#3 to #13) for R-PDSCH and R-PDCCH. It is the largest available number of OFDM symbols among the four cases except Case 2.

· RN can receive DM-RS on last OFDM symbol from eNB. 

Case 2

RN can receive the DL backhaul subframe starting from OFDM symbol #2 until the end of the subframe (13 in case of normal CP)

· 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 
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Fig. 2 Case 2 (DL) for normal CP
Properties:

· RN can receive OFDM symbol #2 to #13.
· RN can receive DM-RS on last OFDM symbol from eNB. 

· It needs RAN4 consulting whether this operation is feasible. If cost of switching device increased, it would not be good solution.

Case 3

RN can receive the DL backhaul subframe starting from OFDM symbol m ≥ 2 until OFDM symbol n < 13 (m and n are depending on the propagation delay and the switching time) In this figure, RN can receive the DL backhaul subframe starting from OFDM symbol #2 until OFDM symbol #11.
· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions
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Fig. 3 Case 3 (DL) for normal CP
Properties:

· RN cannot receive OFDM symbol #0, #1, #12 and #13 because of switching period and propagation delay.

· RN cannot receive DM-RS on last OFDM symbol from eNB. 
· RN receives only 10 OFDM symbols (#2 to #11) for R-PDSCH and R-PDCCH. It is the least available OFDM symbols among the four cases.
Case 4

 RN can receive the DL backhaul subframe starting from OFDM symbol 0 until OFDM symbol n=10. 
· This corresponds to the case when RN can receive the normal PDCCH.

This approach is proposed on [6]. The duration of forward shift 
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 is assumed as switching period plus 1-2 OFDM symbol's duration. In this option, the RN can receive the Release 8 PDCCH of the donor eNB. Release 8 PCFICH and PHICH can be also received by RN.
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Fig. 4 Case 4 (DL) for normal CP
Properties:

· RN can not receive OFDM symbol #11, #12, and #13. 

· RN receives 2 OFDM symbols (#0 and #1) for Rel8 PDCCH and 9 OFDM symbols (#2 to #10) for R-PDSCH. 
The length of R-PDSCH is shortest of the four cases.

· DM-RS usage for the backhaul may be difficult.
Discussion
For FDD, if RN switching time is sufficiently shorter than CP with low cost, Case 2 is suitable. If the switching device cost is higher, we prefer to support Case 1. The throughput of backhaul subframe is important since the backhaul subframe is bottleneck of throughput of RN cell. In Case 1 (DL), the throughput of backhaul subframe would be largest of all cases. RN of Case 1 can receive 11 OFDM symbols for R-PDSCH with full DM-RS usability. 
If network synchronization is necessary, Case 3 should be supported. 
2.2 Starting symbol on backhaul subframe
For Case 1, Case 2 and Case 3, the starting symbol of R-PDCCH and R-PDSCH should be necessary to be considered since OFDM symbols which can be received by RN are depending on the propagation delay and the number of PDCCH in both eNB cell and RN cell.
For Case 4, this discussion of starting symbol is not necessary since RN can receive first OFDM symbol from eNB.
R-PDCCH

For Case 1, Case 2, and Case 3, the starting symbol of R-PDCCH should be fixed to 4th OFDM symbol regardless of the cases. When the downlink bandwidth is greater than 10 RB, the maximum number of OFDM symbols for PDCCH is 3. RN doesn’t know the actual size of PDCCH of eNB since RN can’t receive PCFICH on first OFDM symbol from eNB. Therefore using the 4th OFDM symbol as a start for the R-PDCCH is suitable.
When the downlink bandwidth is less than or equal to10 RB, the maximum number of OFDM symbols for PDCCH is 4. For simplification, eNB can operate backhaul subframe with 2 or 3 OFDM symbols of PDCCH even if the downlink bandwidth is less than or equal to 10 RB. Therefore using the 4th OFDM symbol as a start for the R-PDCCH is acceptable also in this case.
R-PDSCH

The starting symbol of R-PDSCH can be variable on subframe by subframe if R-PDCCH indicates the starting symbol of R-PDSCH. The other approach is semi-static configuration per RN. In each approach, eNB should know the size of the access link PDCCH on RN cell for perfect regulation. If eNB doesn’t know the region of PDCCH on RN, it is fail-safe to assume that the region of PDCCH on RN cell is two. 

For Case 1, the starting symbol of R-PDSCH can be set to max(number of OFDM symbols of R-PDCCH on eNB cell, number of OFDM symbols of PDCCH on RN cell+1). Table 1 shows the scope of the starting symbol of R-PDSCH in Case 1, considering only a bandwidth of more than 10 RBs for simplicity.
Table 1 The starting symbol of R-PDSCH in Case 1
	The number of OFDM symbols of PDCCH in eNB cell
	1
	1
	2
	2
	3
	3

	The number of OFDM symbols of PDCCH in RN cell
	1
	2
	1
	2
	1
	2

	The starting symbol of R-PDSCH
(the numbering starts from #0)
	2
	3
	2
	3
	3
	3


For Case 2, the starting symbol of R-PDSCH can be set to max(number of OFDM symbols of R-PDCCH on eNB cell, number of OFDM symbols of PDCCH on RN cell). Table 2 shows the scope of the starting symbol of R-PDSCH in Case 2.
Table 2 The starting symbol of R-PDSCH in Case 2
	The number of OFDM symbols of PDCCH in eNB cell
	1
	1
	2
	2
	3
	3

	The number of OFDM symbols of PDCCH in RN cell
	1
	2
	1
	2
	1
	2

	The starting symbol of R-PDSCH
(the numbering starts from #0)
	1
	2
	2
	2
	3
	3


For Case 3, the starting symbol of R-PDSCH is depending on the propagation delay between eNB-RN. If the propagation delay is short, RN can not receive the next OFDM symbol which RN transmits to rUE. If the propagation delay is long, RN can receive the earlier OFDM symbol. In this case, the starting symbol of R-PDCCH is next to the end of PDCCH on eNB. Table 3 shows the scope of the starting symbol of R-PDSCH in Case 3.
Table 3 The starting symbol of R-PDSCH in Case 3
	The number of OFDM symbols of PDCCH in eNB cell
	1
	1
	2
	2
	3
	3

	The number of OFDM symbols of PDCCH in RN cell
	1
	2
	1
	2
	1
	2

	The starting symbol of R-PDSCH
(the numbering starts from #0)
	1 or 2
	1, 2 or 3
	2
	2 or 3
	3
	3


From above tables, OFDM symbol #1, #2, #3 are scope of the starting symbol of R-PDSCH. Therefore, two bits are enough to indicate the starting symbol of R-PDSCH. One can consider that OFDM symbol #1 cannot be frequently used, as can be seen from Tables 1-3 (only once in Case 2, and twice in Case 3 depending on the propagation delay). Then to use only 1 bit for the indication of OFDM symbol #2 or #3 is one approach. 
According to the above discussion, R-PDSCH can only start at OFDM symbol #1, #2 or #3. This is equivalent to the PDSCH. However, starting symbols of R-PDCCH and R-PDSCH are not necessary to align in a specific subframe. We allow to such operation that PDSCH start at symbol #1 and R-PDSCH start at symbol #2 in a specific subframe from specification perspective. If eNB has an implementation restriction to differentiate the starting symbols, it is also allowed to do so as the implementation option.
So from a starting position perspective, there is no need to introduce new cases for R-PDSCH compared to PDSCH, except if R-PDCCH is designed as TDM+FDM.
3 Summary 
We discussed DL subframe timing and starting symbol of R-PDCCH and R-PDSCH for inband relay.
For DL subframe timing, we propose to support Case 1 and Case 2 from the WF of the #59 meeting [7]. These two cases have in common that the RN can receive the DL backhaul subframe starting from a given OFDM symbol until the end of the subframe. These cases have the merit to maximize the backhaul link efficiency by maximizing available OFDM symbol for R-PDSCH and allow to reuse DM-RS design.
For starting symbol of R-PDCCH, we propose to fix it to the 4th OFDM symbol regardless of the bandwidth.
For starting symbol of R-PDSCH, we propose to support a variable starting symbol. OFDM symbol #2 and #3 would be sufficient scope of the starting symbol of R-PDSCH. There is no need to introduce other possible starting OFDM symbols for R-PDSCH, except if the R-PDCCH is designed as TDM+FDM.
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