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1 Introduction

For type1 relay node (RN) DL, four cases for timing of backhaul and access link is discussed in RAN1 #59bis 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. 
RN UL subframe timing of the backhaul link and the access link for type1 relay was also discussed in RAN1 #59 meeting. We listed and discuss four cases. 
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).
2.1.1 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,  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. 

2.1.2 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.

2.1.3 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.
2.1.4 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.
2.1.5 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 4 should be supported. 
2.2 UL subframe timing 
The four UL subframe timing cases are shown in the following figures. 
2.2.1 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)
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Fig. 5 Case 1 (UL) for normal CP
Properties:
· RN can transmit Release 8 SRS on symbol #13
· rUE can transmit all SC-FDMA symbols on the access link subframe.
· New format for R-PUCCH without symbol #0 is necessary
2.2.2 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)
Case 2 has two options

· Case 2a: RN switching time is sufficiently shorter than the cyclic prefix
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Fig. 6 Case 2a (UL) for normal CP
Properties:
· RN can transmit all SC- FDMA symbols
· rUE can transmit all SC- FDMA symbols
· It needs RAN4 consulting whether this operation is feasible. If cost of switching device is increased, Case 2a is not suitable.

· Case 2b: RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link
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Fig. 7 Case 2b (UL) for normal CP
Properties: 

· RN can transmit all SC-FDMA symbols on backhaul subframe.
· RN needs to declare a large number of subframes as cell-specific SRS subframes.

· RN should configure the RN cell-specific SRS subframes without configuring these as rUE-specific SRS subframes ("fake SRS") of Uu link in order to avoid collision with SC-FDMA symbol #0 on the backhaul subframe.

· Enhanced Case 2b
Case 2b can be enhanced in order to allow transmission of SRS from the rUE. RN changes two between two switching timings subframe by subframe according to the configuration of eNB cell-specific SRS. 

· Timing 2b (same as Case 2b)
RN transmits signal on the last SC-FDMA symbols of the backhaul subframe. 

· Timing 2b’ 
eNB cell-specific SRS is configured without RN-specific SRS ("fake SRS") on the backhaul subframe.
In timing 2b’, RN can configure the rUE-specific SRS on Uu link in the backhaul subframe.
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Fig. 8 Enhanced Case 2b
Properties of enhanced Case 2b: 

· New format for R-PUCCH is not necessary.

· RN can transmit SRS on #13 

· The chance of SRS transmission of rUE is higher than in Case2b.

· RN and eNB have two switching timings.

· The chance of SRS transmission of RN is decreased. 
However it is not so serious problem when eNB –RN link is stable.
2.2.3 Case 3
RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP)
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Fig. 9 Case 3 (UL) for normal CP
Properties: 

· R-PUCCH can reuse the Rel8 PUCCH (format 1/1a/1b) without symbol #13.
· RN cannot transmit SRS (#13) on backhaul subframe. If consecutive UL backhaul subframes are allocated, RN can transmit SRS. 
· Maximum cell radius of RN is smaller than in Case 2 since TA value of RN cell should include the shift period.

· Enhanced Case 3
Case 3 can be modified in order to transmit SRS on RN. RN changes between two switching timings subframe by subframe according to the configuration of RN-specific SRS. 
· Timing C’
RN-specific SRS is configured by eNB on the subframe immediately before the backhaul subframe.
In timing C’, RN should set the RN cell-specific SRS without rUE-specific SRS (fake SRS)on the access link subframe immediately before the backhaul subframe.
· Timing C (same as Case3)
RN-specific SRS is not configured on the subframe immediately before the backhaul subframe. 
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Fig. 10 Enhanced Case 3
Properties of enhanced Case 3:
· New format for R-PUCCH without SC-FDMA symbol #0 is not necessary.
· RN can transmit SRS on the subframe immediately before the backhaul subframe.
· RN and eNB should have two switching timings.
· The chance of SRS transmission by rUE is reduced or the number of SC-FDMA symbols available for rUE PUSCH transmission is decreased.
2.2.4 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 are aligned.
Shorter propagation delay case
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Fig. 11 Case 4 (UL) for normal CP with shorter propagation delay
Longer propagation delay case
[image: image15.emf]12

Switching period

0 1 13

UL RN-UE

 access link timing

UL 

backhaul timing

 RN reception

 dNB reception

 RN transmission

0 1 2 3 4 5 6 7 8 9 1011

12

13

 rUE transmission


Fig. 12 Case 4 (UL) for normal CP with longer propagation delay
Properties
· New format for R-PUCCH without some SC-FDMA symbols is necessary.

· Some RN can transmit SRS on symbol #13 and some RN can not transmit SRS according to propagation delay of eNB-RN.
2.2.5 Discussion
Cases 2a, 2b and 3 are different operations. However these cases have no difference from the specification perspective. 
We prefer to support these three cases.
Enhanced Case 2b and enhanced Case 3 are also possible without specification impact. These modifications have the benefit that the SRS configuration would be more flexible.
If network synchronization is necessary for TDD system, Case4 should be supported. 
3 Summary 
We discussed DL and UL subframe timing for inband relay.

DL:

We propose to support Case 1 and Case 2 from the WF of the last 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.

UL:

We propose to support Case 2a, Case 2b and Case 3 in WF of the last meeting [8]. These three cases have in common that RN can transmit the UL backhaul subframe starting from SC-FDMA symbol #0 until the SC-FDMA symbol #12 or #13 (normal CP). We see the Extended Case 2b and Extended Case 3 as sub-cases, respectively, that would consequently be supported as well. These cases have the merit that new format for R-PUCCH without some SC-FDMA symbols is not necessary.
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