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1. Introduction
RN backhaul/access DL/UL timing was discussed in RAN1-59bis and several possible cases were agreed for down-selection [1][2]. In addition, an LS [3] was sent to RAN4 on possible synchronization requirements between eNB and RN. In the contribution, we show our views on RN backhaul DL/UL timing and propose a way forward to continue RAN1 work while awaiting RAN4 response.
2. RN DL backhaul/access timing
2.1. Possible cases
It is assumed that RN can receive DL backhaul transmission starting and stopping with OFDM symbols m and n respectively, where the OFDM symbols in a subframe are numbered from 0 and the number of RN PDCCH symbols is equal to k.
· 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). 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 [3].
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Figure 1: RN DL timing with fixed delay
Table 1 shows the set of OFDM symbols available for DL backhaul transmissions with Case 1, for different eNB and RN PDCCH durations.

Table 1: Set of OFDM symbols for DL backhaul usage of Case 1
	eNB PDCCH OFDM symbols
	RN PDCCH OFDM symbols 
	RN Receivable DL Backhaul OFDM symbols
	eNB Usable DL Backhaul OFDM symbols

	4
	2
	[3, 4, …, 13]
	[4, 5, …, 13]

	3
	2
	[3, 4, …, 13]
	[3, 4, …, 13]

	2
	2
	[3, 4, …, 13]
	[3, 4, …, 13]

	1
	2
	[3, 4, …, 13]
	[3, 4, …, 13]

	4
	1
	[2, 3, …, 13]
	[4, 5, …, 13]

	3
	1
	[2, 3, …, 13]
	[3, 4, …, 13]

	2
	1
	[2, 3, …, 13]
	[2, 3, …, 13]

	1
	1
	[2, 3, …, 13]
	[2, 3, …, 13]


· Case 2: RN can receive the DL backhaul subframe starting from OFDM symbol m=k until the end of the subframe (n=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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Figure 2: RN DL timing with switching time shorter than cyclic prefix
Table 2 shows the set of OFDM symbols available for DL backhaul transmissions with Case 2, for different eNB and RN PDCCH durations.
Table 2: Set of OFDM symbols for DL backhaul usage of Case 2

	eNB PDCCH OFDM symbols
	RN PDCCH OFDM symbols
	RN Receivable DL Backhaul OFDM symbols
	eNB Usable DL Backhaul OFDM symbols

	4
	2
	[2, 3, …, 13]
	[4, 5, …, 13]

	3
	2
	[2, 3, …, 13]
	[3, 4, …, 13]

	2
	2
	[2, 3, …, 13]
	[2, 3, …, 13]

	1
	2
	[2, 3, …, 13]
	[2, 3, …, 13]

	4
	1
	[1, 2, …, 13]
	[4, 5, …, 13]

	3
	1
	[1, 2, …, 13]
	[3, 4, …, 13]

	2
	1
	[1, 2, …, 13]
	[2, 3, …, 13]

	1
	1
	[1, 2, …, 13]
	[1, 2, …, 13]


· 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). This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions. The set of available OFDM symbols for DL backhaul transmission varies with propagation delay [4].
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Figure 3: RN DL timing with synchronization between eNB and RN
To simplify the analysis, it is assumed that the propagation delay is less than one OFDM symbol, corresponding to a distance between eNB and RN of roughly 20km. Further, denote TP as the propagation delay between eNB and RN, Tw as the RN Tx/Rx switching time, and T as the duration of first OFDM symbol in a subframe.
Tables 3 – 5 show the set of OFDM symbols available for DL backhaul transmissions with Case 3, for different eNB and RN PDCCH durations and different Tp value ranges.

Table 3: Set of OFDM symbols for DL backhaul usage of Case 3 with TP < Tw
	eNB PDCCH OFDM symbols
	RN PDCCH OFDM symbols
	RN Receivable DL Backhaul OFDM symbols
	eNB Usable DL Backhaul OFDM symbols

	4
	2
	[3, 4, …, 12]
	[4, 5, …, 12]

	3
	2
	[3, 4, …, 12]
	[3, 4, …, 12]

	2
	2
	[3, 4, …, 12]
	[3, 4, …, 12]

	1
	2
	[3, 4, …, 12]
	[3, 4, …, 12]

	4
	1
	[2, 3, …, 12]
	[4, 5, …, 12]

	3
	1
	[2, 3, …, 12]
	[3, 4, …, 12]

	2
	1
	[2, 3, …, 12]
	[2, 3, …, 12]

	1
	1
	[2, 3, …, 12]
	[2, 3, …, 12]


Table 4: Set of OFDM symbols for DL backhaul usage of Case 3 with TP ≥Tw and TP+ Tw≤T
	eNB PDCCH OFDM symbols
	RN PDCCH OFDM symbols
	RN Receivable DL Backhaul OFDM symbols
	eNB Usable DL Backhaul OFDM symbols

	4
	2
	[2, 3, …, 12]
	[4, 5, …, 12]

	3
	2
	[2, 3, …, 12]
	[3, 4, …, 12]

	2
	2
	[2, 3, …, 12]
	[2, 3, …, 12]

	1
	2
	[2, 3, …, 12]
	[2, 3, …, 12]

	4
	1
	[1, 2, …, 12]
	[4, 5, …, 12]

	3
	1
	[1, 2, …, 12]
	[3, 4, …, 12]

	2
	1
	[1, 2, …, 12]
	[2, 3, …, 12]

	1
	1
	[1, 2, …, 12]
	[1, 2, …, 12]


Table 5: Set of OFDM symbols for DL backhaul usage of Case 3 with TP+ Tw≥T
	eNB PDCCH OFDM symbols
	RN PDCCH OFDM symbols
	RN Receivable DL Backhaul OFDM symbols
	eNB Usable DL Backhaul OFDM symbols

	4
	2
	[2, 3, …, 11]
	[4, 5, …, 11]

	3
	2
	[2, 3, …, 11]
	[3, 4, …, 11]

	2
	2
	[2, 3, …, 11]
	[2, 3, …, 11]

	1
	2
	[2, 3, …, 11]
	[2, 3, …, 11]

	4
	1
	[1, 2, …, 11]
	[4, 5, …, 11]

	3
	1
	[1, 2, …, 11]
	[3, 4, …, 11]

	2
	1
	[1, 2, …, 11]
	[2, 3, …, 11]

	1
	1
	[1, 2, …, 11]
	[1, 2, …, 11]


· Case 4: RN can receive the DL backhaul subframe starting from OFDM symbol 0 until OFDM symbol n=13-(k+1). This corresponds to the case that RN can receive the normal eNB PDCCH [5].
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Figure 4: RN DL timing with timing offset
While Case 4 allows reusing Rel-8 PDCCH as R-PDCCH on the backhaul, it also has several constraints. Detailed analysis on Case 4 is presented in [7]. In the rest of this contribution, we focus on Cases 1 – 3. 

2.2. Proposed way forward on RN DL backhaul/access timing
It is noted that RN DL backhaul/access timing mainly impacts the set of OFDM symbols for backhaul usage. With RAN4 working on the synchronization requirements between eNB and RN, it may be difficult to preclude any of the Cases 1 – 3 in section 2.1. It is further noted that the set of backhaul OFDM symbols also impacts RAN1 design on R-PDCCH and backhaul reference signals. Therefore, we propose to define a minimum set of OFDM symbols that eNB/RN can use for DL backhaul transmissions. With such a minimum set of DL backhaul OFDM symbols, RAN1 can proceed with the design of R-PDCCH and backhaul reference signals, unless the further RAN4 response requires RAN1 to revisit the design. From Tables 1 – 5, the minimum set of DL backhaul OFDM symbols is [4, 5, …, 11]. Therefore, we have the following proposals:
Proposals:

· OFDM symbols [4, 5, …, 11] defined as the minimum set of DL OFDM symbols;

· R-PDCCH and backhaul RS design shall be confined to the minimum set of DL OFDM symbols;
· Revisit the RAN1 R-PDCCH and backhaul RS design if future RAN4 response requires so.
It is noted that R-PDSCH can be transmitted beyond the minimum set of DL OFDM symbols, as long as eNB and RN can mutually agree on the set of OFDM symbols usable for R-PDSCH.
3. RN UL backhaul/access timing
3.1. Possible cases
In this section, we discuss the RN backhaul/access UL timing. It is assumed that RN shall start its Un UL transmission with the SC-FDMA symbol numbered m and stop with the SC-FDMA symbol numbered n. Note that the SC-FDMA symbols in a subframe are numbered from 0.
· Case 1: RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP). This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap [3].
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Figure 5: RN UL timing with fixed delay
· Case 2: RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP). This case corresponds to two options. One option is that the switching time is shorter than cyclic prefix. The other option is to limit the impact of RN switching time on the access link [6].
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Figure 6: RN UL timing with all symbols available in UL backhaul subframe
While Case 2 maximizes the number of SC-FDMA symbols for UL backhaul usage, it either requires sufficiently short RN Tx/Rx switching time, or reduces the SRS resources on the access UL. For TDD, the number of UL subframes is significantly less than FDD. Reducing SRS opportunity on the access UL negatively impacts system performance in the relay cell. Therefore, our preference is that the impact of RN Tx/Rx switching time shall be limited to the backhaul UL.
· Case 3: RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP). This corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap [3].
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Figure 7: RN UL timing with fixed advance
Note that the number of available SC-FDMA symbols for UL backhaul usage in Case 3 is the same as Case 1. Case 3 requires a fixed timing advance at RN, such that only the last SC-FDMA symbol is not available for backhaul UL. The main benefit of Case 3 compare to Case 1 is that the shortened PUCCH format 1/1a/1b structure can be reused in UL backhaul. On the other hand, Case 3 with fixed timing advance at RN may impact the RACH and UL TA maintenance in the relay cell.
· Case 4: RN should transmit SC-FDMA symbols m≽1 until SC-FDMA symbol n≼13 (depending on at least the propagation delay between eNB and RN and the switching time). This corresponds to the case where the UL eNB Rx and the UL RN Rx timing is aligned. The number of available SC-FDMA symbols for UL backhaul transmission varies with propagation delay [4].
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Figure 8: RN UL timing with synchronization between eNB and RN
To simplify the analysis, it is assumed that the propagation delay is less than one SC-FDMA symbol. Further, denote TP as the propagation delay between eNB and RN, Tw as the RN Tx/Rx switching time, and T as the duration of first SC-FDMA symbol in a subframe. From Figure 8, we have the following:

· TP < Tw, m = 1 and n = 12;

· TP ≥Tw and TP+ Tw≤T: m = 1 and n = 13;

· TP+ Tw≥T: m = 2 and n = 13.

3.2. Summary on RN DL backhaul/access timing
The set of available SC-FDMA symbols for UL backhaul usage impacts the R-PUCCH design, as well as backhaul SRS (named as R-SRS) design. The possible Cases in section 3.1 lead to different consequences of R-PUCCH and R-SRS design, in terms of required standardization efforts. Hence, RAN4 input is critical for the selection among the possible Cases in 3.1. It is therefore proposed to await RAN4 response before making a final decision in RAN1.
4. Conclusion
In this contribution, we further discuss RN DL/UL backhaul/access timing. For RN DL backhaul/access timing, we have the following proposals:
· OFDM symbols [4, 5, …, 11] defined as the minimum set of DL OFDM symbols;

· R-PDCCH and backhaul RS design shall be confined to the minimum set of DL OFDM symbols;
· Revisit the RAN1 R-PDCCH and backhaul RS design if future RAN4 response requires so.
RN UL backhaul/access timing needs further consideration. In particular, it is noted that the set of available SC-FDMA symbols on UL backhaul impacts the design of R-PUCCH and R-SRS. From the perspective of standardization efforts and progress, it is beneficial to reuse Rel-8 UL PUCCH and SRS designs if possible. 
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