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1 Introduction

For type1 relay node (RN) DL, four cases for timing of backhaul and access link are discussed. 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.  From RAN1 #60bis meeting agreement, Cases 1 and 3 are supported, the support of Case 2 is still under consideration depending upon RAN4 inputs and Case 4 is FFS [4].
For Case 1 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. For staring symbol two alternatives [3] are discussed in RAN1#60bis meeting as follows. 
· R-PDCCH starts at symbol s1.

· (R-)PDSCH starts at symbol s2 in PRB(s) not containing R-PDCCH.

· Alt 1

· s1 is fixed to symbol #3.

· s2 is configurable in the range m ≤ s2 ≤ 3.

· RN is informed of s2 via

· Alt 1-1: R-PDCCH.

· Alt 1-2: High-layer signaling.

· Alt 2

· s1 and s2 are (semi-)statically configured in the range m ≤ s1 = s2 ≤ sx where sx ε {3,4,5} (FFS).

In addition, the last symbol of backhaul subframe is also depending on the DL timing and propagation delay. In this contribution, we discuss the starting symbol and last symbol of R-PDCCH and R-PDSCH. 
RAN1 received LS on synchronization requirement in [5]. So it is not necessary to discuss the option to switch within switching times less than the normal cyclic prefix in the Rel-10 timeframe. So we omit the discussion on case 2.
2 Discussion
2.1 Starting symbol on backhaul subframe
For Case 1 and Case 3, the starting symbol of R-PDCCH and R-PDSCH need the discussion because available OFDM symbols to RN depends on the propagation delay and the size of the PDCCH in both eNB cell and RN cell. On the other hand, for Case 4, this discussion of starting symbol is not necessary because RN can receive the first OFDM symbol from eNB.
If the starting symbol is donor eNB specific operation and not to mix different starting symbol per RN, no discussion on the design on how to multiplex different starting symbol of R-PDCCH/R-PDSCH is necessary. For global absolute synchronization, Case 3 is used. For non-global synchronization, Case1 is used. One proper value donor eNB specific is set as the starting symbol of R-PDCCH/R-PDSCH depending on the worst case propagation delay of RN, switching period and possible size of the PDCCH in all RNs under the donor eNB. Such operation is simple and acceptable if the number of RN in a cell is sufficiently small. On the other hand, it is not sufficiently future-proof in our view. So we discuss how to allow different starting symbols per RN under one donor.
According to the agreement in RAN1#60 bis meeting, multiplexing of R-PDCCHs like a Rel. 8 PDCCH in a PRB for CRS is possible. However multiplexing a large number of R-PDCCH like a Rel. 8 PDCCH is not efficient resource usage when only a few R-PDCCH is used in the subframe [1]. Therefore, we proposed not to multiplex a part of R-PDCCH or a R-PDCCH in a slot. Then, no common value of starting symbol of R-PDCCH is required. Therefore, we are fine to choose Alt 2 that the starting symbol of R-PDCCH and R-PDSCH is a semi-static configuration per RN. On the other hand, if multiplexing of R-PDCCH is required, we prefer Alt 1.
The decision of the size of the R-PDCCH/R-PDSCH region at donor eNB depends also on the usage of PDCCH in RN. If the eNB is informed by the RN of the PDCCH size at RN, this should be taken into account for the starting symbol of R-PDCCH/R-PDSCH. If eNB is not informed, it should be assumed that the RN PDCCH size is always two.

For Case 1, the starting symbol of R-PDSCH is set to max(number of OFDM symbols of 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-PDCCH/R-PDSCH in more than 10 RBs.
Table 1 The starting symbol of R-PDCCH and 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-PDxCH
(the numbering starts from #0)
	2
	3
	2
	3
	3
	3


For Case 3, the starting symbol of R-PDCCH/R-PDSCH depends on the propagation delay between eNB-RN. If the propagation delay is short, RN can not receive the next OFDM symbol next to the OFDM symbol where RN transmits to rUE. If the propagation delay is long, RN can receive the earlier OFDM symbol. In this case, the starting symbol is next to the end of PDCCH on eNB. Table 3 shows the scope of the starting symbol of R-PDCCH/R-PDSCH in Case 3.
In [4] the starting symbol is defined m>=k. k is equal to the number of OFDM symbols used for the L1/L2 control region at the RN access. However, in the case that k=2 and the number of OFDM symbols of PDCCH in RN cell is 1, the starting symbol can be #1 (<k) when the propagation delay between eNB-RN is longer than the duration of one symbol and switching period. This is reflected in Table 3 below.
Table 3 The starting symbol of R-PDCCH and 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-PDxCH
(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. Therefore, the maximum number of starting OFDM symbols (sx) is #3. In order to indicate the starting symbol, two bits are enough. One can consider that OFDM symbol #1 cannot be frequently used, as can be seen from Tables 1-3 (only 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 PDSCH and R-PDSCH are not necessary to be aligned in a specific subframe. We propose to allow the operation like 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.
In semi statically assignment of R-PDCCH, eNB can not change the starting OFDM symbol subframe by subframe. If RN allocated backhaul subframe in both of MBSFN subframes and normal subframes, the numbers of OFDM symbols of PDCCH in a eNB cell have difference between MBSFN subframe and normal subframe. In this case, it is better to indicate two starting symbols.
2.2 Last symbol on backhaul subframe

For Case 1 the last symbol on backhaul subframe is always last of subframe. For Case 3, RN can receive the DL backhaul until OFDM symbol n < 13. n is depending on the propagation delay and the switching time.
Three patterns for DL Case 3 (absolute synchronization) were discussed in [2].

(1)
In case of eNB-RN distance < 6km, OFDM symbols 3-12 are applicable for DL backhaul transmissions. 
(2)
In case of 6km≤ eNB-RN distance ≤ 15km, OFDM symbols 2-12 are applicable for DL backhaul transmissions. 

(3)
In case of eNB-RN distance > 15km, OFDM symbols available for backhaul transmission varies depending on the eNB-RN propagation delay.
If DL subframe and UL subframe is required to be aligned at RN, eNB-RN distance > 15km is difficult to support since the UL new format for PUCCH without #0 OFDM symbol is necessary for Un link. When the eNB-RN distance ≤ 15km, the scope of last OFDM symbols are #12 and #13. 
In the case DL subframe and UL subframe is not necessary to be aligned at RN, eNB-RN distance > 15km can be supported with shortened R-PDSCH. It is not necessary to have new UL format but the PRACH configuration has some restrictions.
According to the above discussion, the flexibility of last OFDM symbol of R-PDCCH and R-PDSCH for absolute synchronization is necessary. The variation of last symbol depends on the cell size of eNB. We prefer an explicit method to indicate the last symbol. It is just some bits in RRC via dedicated signalling. Whether eNB indicate the cell specific value or RN specific value of last OFDM symbol is just eNB operation matter. The necessity of feedback on the last OFDM symbol from RN is FFS. 
3 Summary 
We discussed starting symbol and last symbol of R-PDCCH and R-PDSCH for inband relay.
We prefer that multiplexed R-PDCCH in a PRB (like a rel8 PDCCH) is not supported and one PRB carries a (part of) a single R-PDCCH in CRS case. In this case, a common value of the starting symbol of R-PDCCH is not necessary. The starting symbol of R-PDCCH can be set on RN specific same as for R-PDSCH. Therefore, we prefer Alt 2 with a joint semi-static configuration for the starting symbol of R-PDCCH and R-PDSCH. OFDM symbol #1, #2, #3 are scope of the starting symbol. Therefore, we propose the maximum number of starting OFDM symbols (sx) is #3.
For the last symbol of R-PDCCH and R-PDSCH, the variation of last symbol is depending on the cell size of eNB. When the eNB-RN distance ≤ 15km for absolute synchronization, the scope of last OFDM symbols are #12 and #13. We prefer to use a semi-static RN-specific configuration of the last symbol.
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