
3GPP TSG RAN WG1 Meeting #80bis
R1-151357
Belgrade, Serbia, 20th - 24th April 2015
Source:
CATT, CATR
Title:
Frame structure considerations for LAA
Agenda Item:
7.2.4.2
Document for:
Discussion/Decision
1 Introduction

In RAN1 LAA Ad hoc meeting, the design options for LAA frame structure were discussed. There was discussion about whether the existing frame structures can be used for unlicensed carrier, or some new frame structure should be introduced [1][2]. No conclusion was made during the meeting.  
In this contribution, we discuss the design aspects related to LAA frame structure and give our views for both DL only and DL+UL LAA operations. 
2 Discussion
Current LAA study item [3] includes both DL only and DL+UL LAA operation and the work on DL only is prioritized. According to the current SI progress, the most important task i.e. LAA-WIFI and LAA-LAA co-existence study has not been concluded for the DL only case and the corresponding study has not even started for the DL+UL case. The key PHY functionalities such as LBT, RRM/CSI measurement, data/control transmissions are still far from being converged. The design of DL+UL LAA is more challenging under the current LTE framework, assuming that both eNB and UE shall perform LBT. Given the tight SI time schedule and the above key open issues, as well as considering the Rel-13 time frame, it is very likely that only DL LAA can be specified in Rel-13.  DL+UL LAA therefore could be only possible for a later release. 
Given the above observation, the discussion on LAA frame structure for unlicensed carrier in Rel-13 should prioritize the DL only case. In a later release when DL+UL LAA is further studied and specified, it is preferable that Rel-13 DL only LAA UE can also access to an unlicensed carrier operating with DL+UL. Therefore, forward compatibility should be considered in Rel-13 DL only LAA design.

Observation 1: Discussion on LAA frame structure for unlicensed carrier should prioritize the DL only case in Rel-13, while forward compatibility aspect should be considered. 
2.1 Frame structure for DL only LAA
In DL only LAA, it is straight forward to use the existing frame structure type 1 for DL only, i.e. similar to FDD supplemental downlink carriers. Depending on the adopted LBT scheme, i.e. FBE or LBE, and considering the various maximum channel occupation time (MCOT) in different regions, the applicability of using FS1 for LAA DL only can be analyzed as the following.
· LAA DL only with FBE

Figure 1 shows the examples of using FS1 for LAA FBE DL only with different MCOT requirements. When MCOT=10ms, the idle slot and CCA can be configured in the last subframe per radio frame such that 10ms frame periodicity is applied. In Japan where MCOT=4ms, the idle slot and CCA can be configured periodically per 4ms. Therefore, the existing FS1 suits the FBE operation perfectly for DL only LAA. 
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Figure 1-a
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Figure 1-b
Figure 1: Using FS1 for DL only LAA FBE with different MCOTs
· LAA DL only with LBE
Figure 2 shows the examples of using FS1 for LAA LBE DL only with different MCOT requirements. The situation is similar to FBE case and the only difference is that eNB can try to access the channel from any subframe with an LBT subframe shown in the figure. Therefore, we observed that existing FS1 suits the LBE operation perfectly for DL only LAA.
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Figure 2-a
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Figure 2-b
Figure 2: Using FS1 for DL only LAA LBE with different MCOTs
Observation 2: Existing frame structure type 1 suits the LAA DL only operation very well for either FBE or LBE.
Considering that DL only LAA and DL+UL LAA are likely to be specified in different releases, forward compatibility should be considered in the Rel-13 DL only LAA design, i.e. both Rel-13 DL only LAA UEs and later DL+UL LAA UEs can work on a same unlicensed carrier. In this scenario, it is preferable to avoid the DL only LAA UE to monitor the subframe used as UL, in order to reduce UE power consumption. For this purpose, a network signaling (e.g. L1 signaling) can be introduced to indicate the set of subframes that the Rel-13 DL only LAA UE shall monitor on a given unlicensed carrier. Alternatively, more flexible DRX configuration can be considered such that the Rel-13 DL only LAA UE only needs to monitor a subset of DL subframes e.g. per radio frame. Considering that the exact DL/UL subframe patterns for DL+UL LAA will likely to be discussed and determined in a later release, the above design for forward compatibility should provide sufficient configuration flexibility. 
Proposal 1: Existing frame structure type 1 is used for Rel-13 DL only LAA. 

Proposal 2: Methods to support forward compatibility for Rel-13 DL only LAA UEs accessing a future UL+DL LAA unlicensed carrier shall be defined.
2.2 Frame structure for DL+UL LAA

The design of DL+UL LAA is much more complicated than the DL only LAA case, especially when LBT shall be performed also at the UE side. In the design of DL+UL LAA frame structure, since DL and UL resources are split, several aspects shall be considered. The first aspect is the adopted LBT scheme, e.g. FBE, LBE or something mixed. The adopted LBT schemes for DL and UL may not be the same considering the agreed design targets. The second aspect is to enable an efficient transmission for DL and UL, according to the different regulatory requirements, such as MCOT. Thirdly, the flexibility in terms of UL/DL partitioning is also an important aspect, in order to achieve the traffic adaptability. Finally, the cross-link interference (e.g. eNB-eNB interference and UE-UE interference) problem and its handling, for both intra-operator and inter-operator scenarios, shall be carefully studied. The cross-link interference aspect is very important as it could determine how efficient an unlicensed carrier can be used with DL+UL LAA operation and therefore should be carefully studied.

The cross-link interference within an operator due to dynamic traffic adaptation and its handling have been extensively studied in Rel-12 eIMTA, and some specified interference mitigation/coordination schemes could be used to mitigate the negative impact by cross-link interference. However, some fundamental differences between eIMTA and LAA with DL+UL operation can be seen. 
· First, eIMTA works well for isolated or clustered small cell deployments, which provide good isolation between nodes and reduce the probability of cross-link interference and thereby provides significant UPT gain by dynamic traffic adaptation. The gain of eIMTA is most promising in low to medium traffic load. In LAA, the deployment density and traffic load is expected to be high. Therefore, the benefit of dynamic UL/DL resource partition for traffic adaption in LAA remains to be studied. 
· Second, eIMTA and its interference mitigation scheme are only applicable to eNBs of a single operator. In a typical unlicensed carrier deployment, it is very likely that multiple operators can use the same unlicensed carrier in the same geographic area, in order to provide competitive services to end users. Therefore, interference mitigation scheme to overcome the cross-link interference between LAA nodes of different operators needs to be studied and evaluated, before any decision on whether dynamic UL/DL resource partition for traffic adaption is possible for LAA.

In figure 3, examples of eNB-eNB interference and UE-UE interference between two operators using the same unlicensed carrier are shown. Such inter-operator cross-link interference is still likely to happen even if LBT is used in both DL and UL, due to the presence of hidden nodes. The inter-operator cross-link interference will be much more problematic in LAA than eIMTA, since operators are using the same frequency and it is unlikely to perform fast interference coordination among operators. If there is no practical mechanism to handle such the inter-operator interference in LAA, a natural way would be for the operators to coordinate the UL/DL configuration and synchronization between the LAA operators, which does not allow dynamic UL/DL resource partition for traffic adaptation on the unlicensed carriers. 
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Figure 3-a
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Figure 3-b
Figure 3: Inter-operator cross-link interference (eNB-eNB/UE-UE) on the same unlicensed channel
Observation 3: Dynamic UL/DL resource partition for traffic adaptation in DL+UL LAA is much more challenging compared to Rel-12 eIMTA due to inter-operator cross-link interference on the same unlicensed carrier, in addition to intra-operator cross-link interference.

Proposal 3: The feasibility and performance benefits of dynamic UL/DL resource partition in DL+UL LAA shall be studied before designing the L1 functions to enable dynamic UL/DL resource partition.
As discussed earlier, operators can coordinate the UL/DL configuration for the LAA unlicensed carrier. With this approach, the above concerned cross-link interference is avoided and LAA DL+UL operation can be easily enabled, although the flexibility of UL/DL resource partition is potentially reduced. Therefore, a clear definition on UL/DL configuration shall be defined, rather than a completely flexible DL/UL partitioning based on the scheduling.  In this case, using the existing frame structure type 2 can be a natural starting point. Since both eNB and UE shall perform CCA before transmission and the MCOT is limited, it is preferable that once channel is obtained, consecutive subframes are available for transmission by either eNB or UE. From this consideration, following UL/DL configurations defined in the existing FS2 are suitable. Some examples are given in Figures 4 and 5, showing how FS2 is used for LAA DL+UL with different scenarios and LBT schemes. The principle is that eNB and UE can only try to access the DL and UL subframes, respectively, such that cross-link interference is avoided. In FBE some limited channel access opportunities are provided, while for LBE eNB/UE can try to start its transmission in every DL/UL subframe. 
· UL-DL configuration #0 (3 consecutive UL, 2 UL-DL switching per 10ms, DL:40%)

· UL-DL configuration #2 (4 consecutive DL, 2 UL-DL switching per 10ms, DL:60%)

· UL-DL configuration #3 (7 consecutive DL, 3 consecutive UL, 1 UL-DL switching per 10ms, DL:70%)

· UL-DL configuration #4 (8 consecutive DL, 2 consecutive UL, 1 UL-DL switching per 10ms, DL:80%)

· UL-DL configuration #5 (9 consecutive DL, 1 UL-DL switching per 10ms, DL:90%)
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Figure 4-a
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Figure 4-b
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Figure 4-c
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Figure 4-d                                                                     Figure 4-e

Figure 4: Using FS2 for LAA DL+UL with FBE in difference scenarios 
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Figure 5-a
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Figure 5-b
Figure 5: Using FS2 for LAA DL+UL with LBE in difference scenarios
Observation 4: A subset of UL/DL configurations in the existing frame structure type 2 suits the LAA DL+UL operation very well for either FBE or LBE.
Proposal 4: Existing FS2 should be a starting point for LAA DL+UL frame structure. 
3 Conclusion
In this contribution, we discuss the frame structure design for LAA, including both DL only and DL+UL cases. Based on the discussions, we have the following observations and proposals. 
Observation 1: Discussion on LAA frame structure for unlicensed carrier should prioritize the DL only case in Rel-13, while forward compatibility aspect should be considered. 

Observation 2: Existing frame structure type 1 suits the LAA DL only operation very well for either FBE or LBE.
Observation 3: Dynamic UL/DL resource partition for traffic adaptation in DL+UL LAA is much more challenging compared to Rel-12 eIMTA due to inter-operator cross-link interference on the same unlicensed carrier, in addition to intra-operator cross-link interference.

Observation 4: A subset of UL/DL configurations in the existing frame structure type 2 suits the LAA DL+UL operation very well for either FBE or LBE.
Proposal 1: Existing frame structure type 1 is used for Rel-13 DL only LAA. 

Proposal 2: Methods to support forward compatibility for Rel-13 DL only LAA UEs accessing a future UL+DL LAA unlicensed carrier shall be defined.
Proposal 3: The feasibility and performance benefits of dynamic UL/DL resource partition in DL+UL LAA shall be studied before designing the L1 functions to enable dynamic UL/DL resource partition.

Proposal 4: Existing FS2 should be a starting point for LAA DL+UL frame structure. 
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