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1. Introduction
In the last meeting, uplink timing way forward which includes 4 possible cases was agreed [1-2].  It is expected that all of cases will be discussed further and one or some of them is down-selected in near future meeting.  In light of that, we clarify each case with several Figures to accelerate this discussion in appendix and also investigate impacts on backhaul data and control channels in section 2.
2. Impacts on Design of R-PUCCH and SRS
In Case 1, we can see that the fist symbol of backhaul subframe is punctured due to listening to the last symbol (PUSCH or SRS) of UL access subframe. The main challenge is to introduce a new shortened PUCCH format in the first slot of backhaul subframe as similar as in LTE uplink shortened PUCCH format in the second slot. However, it is not the critical to design such a PUCCH format, but impacts on the available resource when two shortened format are applied simultaneously in both slots. 
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Figure 1: New shortened PUCCH format in the first slot
In Case 2a, the main challenge is to make the switching time shorter enough than the cyclic prefix. If possible, the Case 2a is the most resource-efficient way of backhaul subframe design. However, it is very difficult for the switching time to be shorter than CP in case of fast switching between dual RF chains (switching between (3) and (4) or (5) and (6)) is required which is very different from single RF RX-to-TX switching (between (1) and (2) ) in WiMAX and WiFi as shown in Figure 2. In that sense, we think the Case 2a seems to be unrealistic. 
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Figure 2: Comparison of switching operations in HD Relay Node and TDD UE
Meanwhile Case 2b is so much different from Case 2a, rather is analogous to the Case 1 in light of timing staggering by fixed gap.  The key merit is to make use of 14 symbols in normal CP, e.g., no symbol puncturing is required. But it eventually gives impact on UL access subframe such that UL access subframe should not be allocated before uplink backhaul transmission subframe, but it leads to restriction of subframe allocation flexibility such as consecutive access subframes allocation in order to transmit SRS, and resource waste such as no backhaul allocation in next subframe. Nevertheless, it can be a merit that Case 2a and Case 2b is not required for new shortened PUCCH format or PUSCH puncturing in the first slot, which gives not impact on current LTE specification.
In the Case 3 where advanced timing offset is applied to UL access slot, the last symbol transmission in backhaul subframe is prohibited by the first slot transmission in UL access subframe. It doesn’t seem that it does directly impact on the UL backhaul subframe structure, e.g. modification of subframe structure. But it affects the backhaul SRS transmission configuration so that SRS transmission is restricted by subframe allocation pattern between backhaul and access link. In other word, in order to transmit SRS, consecutive backhaul subframe should be allocated or UL access subframe should not be allocated just after backhaul subframe allocation. In this case, there’s a merit that the LTE PUCCH format and PUSCH can be reused.
In Case 4, it is concerned that the backhaul subframe structure is varied depending on the propagation delay. So, a variety of backhaul subframe structures which is comprised of 13 symbols, 12 symbols and etc should be provided mandatorily.
In summary, we prefer the Case 1 with new shortened format and the Case 2b. The Case 1 has no restriction on SRS transmission or subframe allocation flexibility. In addition, the Case 2b can be supported for backhaul resource optimization even though it leads to restriction of the UL access SRS transmission configuration flexibility or subframe allocation.

3. Proposals
Proposal#1: Case 1 with new shortened PUCCH format is supported as a complementary option of Case 2b
Proposal#2: Case 2b is supported as a baseline for the purpose of backhaul resource optimization.
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Appendix: 
A. Uplink timing relationship between backhaul and access link
Like the agreement [1] [2], we use the same notation in description of each case such that the RN should start its Un UL transmission with the SC-FDMA symbol numbered 
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 and it should stop with the SC-FDMA symbol numbered 
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. Here SC-FDMA symbol numbering within the subframe starts at 0.
· Case 1:
As shown in Figure A1, 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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Figure A1: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delay)
· Case 2a:
As shown in Figure A2-1, RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP). This corresponds to the case when the access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix.
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Figure A2-1: UL RN Tx timing and UL RN Rx timing is aligned
· Case 2b:  
As shown in Figure A2-2, this corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap and 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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Figure A2-2: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delay)
· 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
[image: image8.emf]0 13

12

0 1 13

eNB

Relay

G1 G2

Macro subframe

Relay subframe

12

Macro

Backhaul

Backhaul

Access

To

0

0

Tp

2


Figure A3: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (advanced)
· 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.
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Figure A4-1: UL eNB Rx and the UL RN Rx timing is aligned 
(Small propagation delay)
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Figure A4-2: UL eNB Rx and the UL RN Rx timing is aligned 
(Around a half-symbol length of propagation delay)
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Figure A4-3: UL eNB Rx and the UL RN Rx timing is aligned 
(Around a symbol length of propagation delay)
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