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1. Introduction

In the last meeting, followings are agreed with modification of R1-101663:
· Case 2b shall be supported as the working assumption for FDD

· There are concerns about the impact of Case 2b on the usage of SRS and/or CQI on the access link

· Companies are encouraged to analyze the impact and evaluate the performance, especially for TDD, for the next meeting

· If impact is not acceptable, consider other RN UL timing cases

· The support of case 2a & 4 is still under consideration depending upon RAN4 inputs and/or other considerations.

2. Uplink Backhaul Timing Alternatives
2.1. Case 1
In this case, as shown in Figure 4, RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP) by introduce additional fixed timing offset (delayed Uu subframe boundary) on top of propagation delay. Hence, in order to transmit the last symbol of Uu subframe in half-duplex relay, the first symbol of Un subframe couldn’t be transmitted until the end of switching time. In other words, the first symbol should be punctured, resulting in new shortened format in the first slot of Un subframe. It eventually impacts on new R-PUCCH design, but it can be easily done like LTE Release 8 shortened PUCCH format 1/1a/1b in the second slot. In that sense, we suggest adopting this option complementarily as UL timing solution. 
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Figure 4: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delay)
2.2. Case 2a
As shown in Figure 5, RN should transmit SC-FDMA symbols m=0 until the end of the Un UL subframe (n=13 in case of normal CP). This corresponds to the case when the Uu UL subframe boundary is aligned with the Un UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix. Hence, it can be conditionally supported if the switching time is much smaller than cyclic prefix, such that the remaining time can compensate the multi-path components in OFDM symbol. Regardless of the condition, it seems that this option is the best way to increase the backhaul resource utilization so far.
In addition, this option can be efficiently used for the eNB-RN CoMP transmission such as CB (coordinated beam-forming) or JT (joint transmission), furthermore it can be also applied to deployment of MBSFN network or ICIC techniques.
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Figure 5: UL RN Tx timing and UL RN Rx timing is aligned
2.3. Case 2b
As shown in Figure 6, this corresponds to the case when the Uu UL and Un 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. 
This method is beneficial in that it can utilize all the SC-FDMA symbols in a backhaul subframe, which is helpful in resolving the backhaul shortage problem. It is noteworthy that this method requires RN to configure the access link subframe in front of a backhaul subframe as a cell-specific SRS subframe. In such subframe, this method severely restricts the SRS reception opportunity at RN, that is, cell specific SRS transmitted by UE can’t be conveyed to a corresponding RN. One possible way is to adopt Case 1, which has the same subframe timing as Case 2b and requires a shortened format in the 1st slot of a backhaul subframe, if the preceding access subframe cannot be configured as a cell-specific SRS subframe. Another possibility is to drop Un SRS, then transmit Un SRS in the same subframe so that it doesn’t impact on Un subframe and also it doesn’t require the new shortened format design as in Case 1. 
We suggest adopting Case 2b as the baseline if the switching time is not sufficiently short.

[image: image3.emf]“

To: Fixed delay

0 13

0 1 12

0

eNB

Relay

G1 G2

Macro subframe

Relay subframe

Tp

Tp

13

13

Macro

Backhaul

Backhaul

Access

To

0


Figure 6: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (delayed Uu)
2.4. Case 3
In Figure 7, 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 Uu and Un UL subframe boundary is staggered by a fixed gap. This option can be no impact on Uu side, but Un SRS transmission will be limited such that SRS can be transmitted only when consecutive Un subframes are allocated. Otherwise, Un SRS transmission causes to miss the first symbol of Uu subframe, leading to Uu UL throughput degradation. So we do not consider this option as UL timing solution.
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Figure 7: UL RN Tx timing and UL RN Rx timing is staggered by a fixed gap (advanced Uu)
2.5. Case 4
In this option, 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. As mentioned earlier, we don’t see any special reason for necessity of this option. We need further discussion on whether it’s needed for TDD network or MBSFN or ICIC or etc. Currently, we don’t consider this option as UL timing solution in any cases.

In addition, it is concerned that the backhaul subframe structure is varied depending on the propagation delay (see Figure 8). So, a variety of backhaul subframe format should be designed and such an impact should be taken into account in RS design as well. We don’t think it is desirable approach in this stage. 
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Figure 8-(a): UL eNB Rx and the UL RN Rx timing is aligned, so called, “small propagation delay”
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Figure 8-(b): UL eNB Rx and the UL RN Rx timing is aligned, so called, “medium propagation delay”
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Figure 8-(c): UL eNB Rx and the UL RN Rx timing is aligned, so called, “large propagation delay”
3. Concerns about Case 2b
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. 
There was also another concern about that CQI can’t be conveyed to a corresponding RN depending on which type of backhaul subframe allocation pattern is applied. So this can be evidence that Case 2b could NOT be a perfect timing alternative.  Hence, with Case 2b, Case 1 seems to be reasonable as an alternative to mitigate impact of PUCCH reception blocking. 
Simple impact analysis of various uplink transmission configurations in terms of UCI (Uplink Control Information) are described here for further explanation.  Suppose the case when the configuration is set to allow ACK/NACK+SRS simultaneous transmission (ackNackSrsSimultaneousTransmission( enabled) and ACK/NACK+CQI simultaneous transmission (simultaneousAckNackAndCQI( enabled) in a certain subframe time. The following bullets describe possible cases what kinds of UCIs is/are supposed to be transmitted from UE side and which kind of UCIs can be finally conveyed to RN according to LTE specification, including newly suggested operations when single or simultaneous transmission of those UCIs is not feasible or not useful. It is noted that each bullet describes its operation in a UE perspective.
· ACK/NACK
· Shortened ACK/NACK
· CQI
· Normal CQI is transmitted, but RN can’t listen to the last symbol of normal CQI (PUCCH format 2)
· New shortened CQI format (the last symbol puncturing) (new format/procedure)
· SRS 

· SRS transmission is useless if next subframe is backhaul; otherwise, SRS transmission is useful.
· ACK/NACK+CQI
· Normal ACK/NACK + CQI (normal PUCCH format 2), but RN can’t listen to the last symbol of normal CQI (PUCCH format 2)
· New shortened CQI format (the last symbol puncturing) (new format/procedure)
· ACK/NACK + CQI (shortened PUCCH format 2)
· Shortened ACK/NACK in Rel-10 UE (new procedure)
· CQI is dropped
· ACK/NACK+SRS
· Shortened ACK/NACK
· Shortened ACK/NACK if next subframe is backhaul
· Shortened ACK/NACK + SRS if next subframe is not backhaul
· CQI+SRS
· Normal CQI, but RN can’t listen to the last symbol of normal CQI (PUCCH format 2)
· SRS is dropped
· New shortened CQI format (the last symbol puncturing) (new format/procedure)
· SRS transmission is FFS
· ACK/NACK+CQI+SRS:
· ACK/NACK+CQI (normal PUCCH format 2), then SRS is dropped, but RN can’t listen to the last symbol of normal CQI (PUCCH format 2)
· New shortened CQI format (the last symbol puncturing) (new format/procedure)
· ACK/NACK + CQI (shortened PUCCH format 2)
· SRS is FFS
· Shortened ACK/NACK + SRS in Rel-10 UE if next subframe is not backhaul (new procedure)
· Instead CQI is dropped
Taking all into considerations, it is concluded that CQI and SRS reception opportunities at RN are severely restricted compared to the frequency of SRS transmission subframes configured by LTE specification.  Suppose the case that two subframes (access link) in a radio subframe can be allocated for SRS/CQI transmission UEs and their next subframes are not allocated for backhaul. Also both SRS and CQI have the same periodicity, but different offset. In that case, one of two subframes is configured for CQI transmission for some UEs while the other is configured for SRS transmission for remaining UEs.  It can prevent dropping of either CQI or SRS when they concur simultaneously in a subframe. However, it leads to reduction of scheduling flexibility while increases scheduling complexity. As a simple solution, the introduction of new PUCCH format 2 for this Case 2b can be carefully discussed.
4. Additionally required timing alternative for low cost relay

As raised in [2], we can also consider seriously introduction of the low cost relay which have only two operation modes for reduced complexity, i.e. mode (a) and (b) in Figure 4, while normal Type I relay has four operational modes as shown in Figure 4.  
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Figure 4: Possible operational modes of Type I relay
However, the functional limitation of this relay leads to loss of one or more SC-FDMA symbols in uplink backhaul link depending on propagation delay. Therefore it is recommended that such a relay be possibly implemented for the limited scenarios such as small coverage cell, small propagation delay, and one symbol of PDCCH in relay/eNB cell. For example, if the propagation delay is less than one symbol, the number of lost symbol in UL backhaul subframe will not exceed two as shown in Figure 5, where the same UL subframe format as in UL timing Case 1 can be reused, i.e. new shortened format. To achieve those things, one more timing case seems necessarily required in addition to four cases in agreed downlink timing way forward. 
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Figure 5: Example of timing diagram for low cost relay under the assumption of one PDCCH symbol in eNB and RN, small propagation delay (coverage) and small number of UEs 
5. Conclusion
Proposal:

· Case 1: Supported as a complementary option of Case 2b

· Case 2a: Supported only if the switching time is much smaller than cyclic prefix 

· Case 2b: Supported as a baseline for the purpose of backhaul resource optimization

· Also support of combination of Case 2b and Case 1 “in configurable manner” to avoid the restriction of SRS and CQI transmission. 
· In order to resolve the restriction of CQI transmission, new PUCCH format 2 (one symbol puncturing) can be considered as a simple solution
· Case 3: Not supported

· Case 4: Not supported 
· Support of additional timing alternative  for low cost (reduced complexity) relay
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