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1 Introduction
A Way Forward on starting symbol of R-PDCCH and R-PDSCH [1] was presented during RAN1#60bis, followed by extensive discussions on [2] in RAN1 email reflector. The WF was modified and agreed as follows:
· The following are valid for DL timing Case 1, Case 2, and Case 3.

· 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).

· One alternative between Alt 1 and Alt 2 will be down-selected

· Targeting RAN1#61.

For Alt 1, depending on the numbers of OFDM symbols for PDCCH in direct link and access link, either the 2nd or 3rd OFDM symbol would be lost in RN because of switching. This will result in different starting points for R-PDSCH, which could be RN specific. For Alt 2, R-PDCCH and R-PDSCH start at the same symbol which is configured by eNB to account for eNB PDCCH size and RN to RN interference. In this contribution we discuss how to configure the R-PDCCH and R-PDSCH starting symbol in DL case 1 and case 3 that were agreed to be supported in RAN1 #60bis meeting [3].
2 Discussion

2.1 Starting Symbol for R-PDCCH and R-PDSCH in Alt 1
Here we assume that the number of OFDM symbols for PDCCH in access link is known to eNB before eNB configures the starting symbol R-PDSCH of each RN. This assumption is further elaborated in subsection 2.3. In DL timing case 1, “RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)”and“k is equal to the number of OFDM symbols used for the L1/L2 control region at the RN access”. Various combinations of backhaul PDCCH and access link PDCCH OFDM symbols are listed in Table 1, assuming DL timing case 1. For instance in the first row, both direct link and access link have one OFDM symbol for PDCCH. The 2nd OFDM symbol is used for switching from Tx to Rx, i.e., RN cannot receive 2nd OFDM symbol from eNB. This means that R-PDSCH can start from the 3rd OFDM symbol. When direct link occupies three OFDM symbols or access link occupies two OFDM symbols for PDCCH, R-PDSCH can start from 4th OFDM symbol. Similar situation is seen when system bandwidth is no greater than 10 PRBs when the number of OFDM symbols for PDCCH in direct link is limited to 2 and 3. As seen from Table 1, there are only two possible starting points for R-PDSCH. Therefore, only one bit is needed for the indication.
Table 1: DL case 1 starting point for R-PDSCH and R-PDCCH in Alt 1 (Unit: OFDM symbol)

	Number of OFDM symbols for PDCCH in direct link
	Number of OFDM symbols for PDCCH in access link
	OFDM symbols  occupied by GP for switching
	Starting R-PDCCH
	Starting R-PDSCH
	Lost symbols excluding GP for switching
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	1
	1
	2nd
	4th
	3rd
	N/A

	2
	1
	2nd
	4th
	3rd
	N/A

	3
	1
	2nd
	4th
	4th
	N/A

	1
	2
	3rd
	4th
	4th
	N/A

	2
	2
	3rd
	4th
	4th
	N/A

	3
	2
	3rd
	4th
	4th
	N/A
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	2
	1
	2nd
	4th
	3rd
	N/A

	3
	1
	2nd
	4th
	4th
	N/A

	2
	2
	3rd
	4th
	4th
	N/A

	3
	2
	3rd
	4th
	4th
	N/A


In DL timing case 3, “RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)”. We take (switching time<propagation delay<symbol time-switching time) as an example, this sub-case (we can call it as case 3a) means no symbol used for switching between access link control domain and backhaul link [4], i.e., 2nd or 3rd OFDM symbol can be used for R-PDSCH. In Table 2, when system bandwidth is larger than 10 PRBs and 1 OFDM symbol for PDCCH in access link, there are three cases for R-PDSCH starting point, resulting in 2 bits signaling if explicit indication is implemented. To unify definition, starting on R-PDSCH can be restricted into two cases such as 2nd is change into 3rd or 3rd is change into 4th as shown in the first row in Table 2. Similarly, we can determine the starting point of R-PDSCH in DL time case 3b (propagation delay<switching time) and case 3c (symbol time-switching time<propagation delay). More specifically, the starting of R-PDSCH in DL time case 3b will be the same with that in DL time case 1. The starting of R-PDSCH in DL timing case 3c is same with that in DL time case 3a.
Table 2: DL case 3a starting point for R-PDSCH and R-PDCCH in Alt 1(Unit: OFDM symbol)

	Number of OFDM symbols for PDCCH in direct link
	Number of OFDM symbols for PDCCH in access link
	OFDM symbols  occupied by GP for switching
	Starting R-PDCCH
	Starting R-PDSCH
	Lost symbols excluding GP for switching
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	1
	1
	14th
	4th
	2nd, 3rd, 2nd
	N/A or 2nd

	2
	1
	14th
	4th
	3rd, 3rd, 4th
	N/A or 3rd

	3
	1
	14th
	4th
	4th, 4th, 4th
	N/A

	1
	2
	14th
	4th
	3rd, 3rd, 3rd
	N/A

	2
	2
	14th
	4th
	3rd, 3rd, 3rd
	N/A

	3
	2
	14th
	4th
	4th, 4th, 4th
	N/A
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	2
	1
	14th
	4th
	3rd
	N/A

	3
	1
	14th
	4th
	4th
	N/A

	2
	2
	14th
	4th
	3rd
	N/A

	3
	2
	14th
	4th
	4th
	N/A


From above analysis, we can see that eNB can send one-bit or two-bits signaling to inform each RN where R-PDSCH starts. Here are some possible ways for the signaling:
· Signaling is carried in an RN-grant
· RN-RNTI mask
· Signaling is mapped in fixed physical resources
· Implicit indication
· High-layer signaling
Note that it was agreed in RAN1#60bis that RN is informed R-PDSCH starting via R-PDCCH or high-layer signaling. However, in order to improve physical resource utilization and spectral efficiency of backhaul downlink, it is proposed that R-PDSCH can be transmitted before R-PDCCH. On the other hand, R-PDSCH starting point depends on PDCCH size in direct link and access link, i.e., R-PDSCH starting can be dynamic and high-layer signaling is not preferable for Alt 1. Signaling through R-PDCCH seems more efficient than high-layer signaling. Specifically, when the signaling is carried in an RN-grant, this grant can be specific or common. The common grant is preferable when it carries the same information for all RNs. The grant needs to be transmitted in each DL backhaul subframe. The other method by using RN-RNTI mask may increase the number of CRC checks and the false alarm probability of CCE blind detections.
In Alt 1, the time gap between RN access Tx and backhaul Rx is roughly one OFDM symbol duration minus two times of RN switching time in DL timing case 1 and at least one OFDM symbol minus RN switching time in DL time case 3. If RN switching time is 20 s, access PDCCH or R-PDSCH starting point is cell-specific and RN distances to donor eNB are similar (in DL time case 1), we can find that the distance tolerance (RN to potentially interfering RN) is about 9 km in case 1 and at least 15 km in case 3.
2.2 Starting Symbol for R-PDCCH and R-PDSCH in Alt 2
In Alt 2, R-PDCCH and R-PDSCH start from the same symbol which is configured (semi-)statically within certain range for two purposes:

1. To unify the dimensioning of R-PDCCH and R-PDSCH

2. To provide more distance tolerance for RN to RN interference

Purpose 1 is reflected in m ≤ s1 = s2 where m can be less than 3. The situation of "m < 3", or more precisely "m = 2" in DL timing case 1, happens only when eNB’s PDCCH size = 1 or 2 and RN’s PDCCH size = 1. The rationale of Purpose 1 is that eNB’s PDCCH size can be restricted to 2 by proper scheduling, e.g., not to schedule or only schedule good geometry macro UEs, in DL backhaul subframes. Access link PDCCH can also be restricted to 1 considering the light load for RN-UEs control. With such assumption, it may be possible to configure "m" semi-statically both for R-PDCCH and R-PDSCH, without wasting OFDM symbols. However, in our view, since type 1 relay is mainly for coverage extension, the backhaul subframes are used not only to carry the traffic for RN, but quite often also for macro UEs. In another word, eNB’s PDCCH size of backhaul subframes is quite dynamic where such semi-static configuration tends to be inefficient.
For Purpose 2, enough period would be reserved between DL access Tx and backhaul Rx at RN to reject RN-RN interference [5, 6].
In DL timing case 1, the length of time period for rejecting RN-RN interference depends on the max number of access PDCCH symbols in cell and configuration of R-PDCCH/R-PDSCH starting symbol. Obviously, if necessary, the R-PDCCH/R-PDSCH starting position in time domain could be configured to later OFDM symbols for an increased tolerance to RN-RN interference, albeit with more wasted symbols in backhaul link. 
Assuming Tx-to-Rx and Rx-to-Tx transition time equal to 20 s and s1 = s2ε{2,3,4,5} i.e. 3rd to 6th, we show in Table 3 the distance tolerance of RN-RN interference with different numbers of symbols for PDCCH in access link and starting symbols of R-PDCCH/R-PDSCH.
Table 3: DL case 1 starting point for R-PDSCH and R-PDCCH in Alt 2 (Unit: OFDM symbol)
	Max number of OFDM symbols for PDCCH in access link
	OFDM symbols  occupied by GP for switching
	Starting R-PDCCH/R-PDSCH 
	Lost symbols excluding GP for switching
	Distance tolerance for RN-RN interference (normal CP)

	1
	2nd
	3rd
	N/A
	≤ 9 km

	1
	2nd
	4th
	3rd
	≤ 30 km 

	1
	2nd
	5th
	3rd, 4th
	≤ 51 km

	1
	2nd
	6th
	3rd, 4th, 5th
	≤ 72 km

	2
	3rd
	4th
	N/A
	≤ 9 km

	2
	3rd
	5th
	4th
	≤ 30 km

	2
	3rd
	6th
	4th, 5th
	≤ 51 km


In DL timing case 3, the backhaul subframe structure varies with eNB-RN propagation delays [4]. Therefore the gap between DL access Tx and backhaul Rx at RN also depends on site allocation besides access PDCCH and R-PDCCH/R-PDSCH starting symbol configuration. We take (switching time<propagation delay<symbol time-switching time) i.e. case 3a as an example, and show the distance tolerance to RN-RN interference in Table 4 assuming that RNs are allocated about 9 km far away from donor eNB.
Table 4: DL case 3a starting point for R-PDSCH and R-PDCCH in Alt 2 (Unit: OFDM symbol)
	Max number of OFDM symbols for PDCCH in access link
	OFDM symbols  occupied by GP for switching
	Starting R-PDCCH/R-PDSCH
	Lost symbols excluding GP for switching
	Distance tolerance to RN-RN interference (normal CP)

	1
	14th
	3rd
	2nd
	≤ 24 km

	1
	14th
	4th
	2nd, 3rd
	≤ 45 km 

	1
	14th
	5th
	2nd,3rd,4th
	≤ 66 km

	1
	14th
	6th
	2nd,3rd,4th,5th
	≤ 87 km

	2
	14th
	3rd
	N/A
	≤ 3 km

	2
	14th
	4th
	3rd
	≤ 24 km

	2
	14th
	5th
	3rd,4th
	≤ 45 km

	2
	14th
	6th
	3rd,4th,5th
	≤ 66 km


Compared to Alt.1, allowing s1 = s2 ≤ sx where sx ε {3,4,5} in Alt.2 improves the distance tolerance to RN-RN interference. On the other hand, considering the cell-specific configuration of access PDCCH or R-PDSCH starting point, distance tolerance of 9 km area in DL timing case 1 and at least 15 km in DL timing case 3 could generally be enough where the RN to RN propagation attenuation is significantly high even in LOS environment. Furthermore, eNB backhaul DL Tx power and antenna gain are significantly higher than those of RN in access DL, the interference from RN 9 km or 15 km away can be neglected [6].
Configurable starting symbol of R-PDCCH in Alt.2, i.e., m ≤ s1≤ sx, leads to different dimensioning of R-PDCCH which would complicate its channel design. In general, control channel design prioritizes robustness and simplicity, as 1) its detection reliability is the prerequisite of the traffic channel decoding; 2) its payload size is small and sensitive to the resource dimensioning. According to RAN1#60bis agreement on R-PDCCH multiplexing, DL grant would always be transmitted in the 1st slot of a PRB pair. In the extreme setting such as sx =5 in Alt. 2, only two OFDM symbols are available for a DL grant in the 1st slot. So unless very high code rate or modulation order is to be used, more PRBs are needed for R-PDCCH.
2.3 Signaling the Number of OFDM symbols for PDCCH in Access Link
In previous subsections, we assume that the number of OFDM symbols for PDCCH in access link is known to eNB before it configures the starting symbol for R-PDSCH. Several schemes may be considered for such signaling. For instance, the number of OFDM symbols for PDCCH in access link can also be configured by eNB, although this scheme cannot adapt to dynamics of PCFICH in access link. Alternatively, that number can be informed by each RN which would consume more UL backhaul subframes and require standard specification. Or the number is fixed or semi-statically fixed, especially considering the number of CRS antenna ports in access link and HARQ/subframe allocation choices which would lead to more predictable load of L1/L2 control signaling in relay cells.
3 Summary
In this contribution, we discussed R-PDCCH and R-PDSCH starting symbol from the following two aspects: (1) how eNB configures the starting point for R-PDCCH and R-PDSCH in Alt 1 and Alt 2 and (2) how eNB obtains the number of OFDM symbols for PDCCH in access link. Based on the preliminary analysis of backhaul symbol utilization, related signaling and the tolerance to RN-RN interference, we prefer Alt. 1-1 which is:

· R-PDCCH start symbol fixed to #3.

· (R-)PDSCH starting symbol can be configured to #2 or #3 in PRB(s) not containing R-PDCCH. RN is informed of the configuration via R-PDCCH.
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