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1. Introduction
This paper analyses the 3rd open issue in the way forward R3-132460 [1], which is how to define the two subframe sets and the OI signalling in eIMTA. We compare the four listed options, and propose to select option B for further standardization.

	(3) How to define the two subframe sets and the OI signaling? 

NOTE:  In the following description of options, subframe set 1 is associated with Additional OI, and subframe set 2 is associated with the existing Rel-8 OI.

Option A: 

Subframe Set 1: UL subframes which experience higher interference levels due to UL-DL subframe reconfiguration.

Subframe Set 2: UL subframes not in Subframe Set 1.

Subframes associated with Subframe Set 1 are explicitly signaled (via bitmap) together with the Additional OI.

Option B: 

Subframe Set 1: UL subframes with at least DL to UL interference.

Note: there will be DL to UL interference and UL to UL interference in this set, for the OI of this set, the interference type is not distinguished.

Subframe Set 2: UL subframes not in Subframe Set 1.

Subframes associated with Subframe Set 1 are explicitly signaled (via bitmap) together with the Additional OI.

Option C: 

Subframe Set 1: Flexible subframes based on SIB1 UL-DL configuration and DL HARQ Reference Configuration.

Subframe Set 2: UL subframes not in Subframe Set 1 (i.e. Fixed subframes).

DL HARQ Reference Configuration of neighbor is explicitly signaled in S1 SETUP REQUEST / eNB CONFIGURATION UPDATE.

Option D: 

Subframe Set 1: UL subframes intended to be reconfigured as DL by sender (excluding DL HARQ SFs and SF2)

Subframe Set 2: UL subframes not in Subframe Set 1.

No need for any additional information to be explicitly signaled.


2. Discussion
2.1 Alignment of RAN1 working assumption

According to RAN1 LS [2], RAN1 working assumption is “No interference type and/or interference source for subframe-set OI for eIMTA”.

In all of the 4 options, there is no interference type and/or interference source for the subframe-set OI. In Option B, when we define the UL subframe set1, the interference is taken into consideration, i.e. there will be at least DL to UL interference in set1, only UL to UL interference in set2. Actually, in set1, both DL to UL interference and UL to UL interference are there, but the interference type is not distinguished in the OI of this set, i.e. there is only one OI bitmap to indicate the total inference status.
Conclusion1: All of the 4 options are aligned with RAN1 working assumption “No interference type and/or interference source for subframe-set OI for eIMTA”.
2.2 Analyses of the 4 options
2.2.1 Option A & B
In eIMTA scenario, most cases the UL subframe which experience higher interference levels means there is DL to UL interference, but in some cases, it also happens when there is high UL to UL interference. Option A is equal to Option B in case the higher interference is caused by DL to UL interference. But when there is a UL subframe suffers higher interference level which is caused by the UL to UL interference, there will be an issue for Option A, which will reduce the system capacity.
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Figure1, eNB1 subframe#3 suffers higher interference caused by UL to UL interference from eNB2

As shown in Figure1, eNB1 subframe#3 suffers higher interference, caused by UL to UL interference from eNB2. Pico eNB3 is a neighbour of Macro eNB1, and it use the subframe#3 as DL subframe, due to the network topology, Pico eNB3 will not lead to higher DL to UL interference to Macro eNB1 comparing the UL to UL interference from eNB2 to eNB1.

For Option A, subframe#3 will be classified into set 1, when the neighbour eNB2 and eNB3 receive the higher interference additional OI, eNB2 will reduce the UL scheduling of subframe#3, eNB3 will reduce the DL transmission in subframe #3. Because eNB3 cannot know the interference in eNB1 is caused by eNB2 instead of itself, Pico eNB3 will always reduce the DL transmission in case subframe#3 is included in set1 with the higher interference OI indicated by eNB1. 
For Option B, subframe#3 will be classified into set 2, when eNB2 and eNB3 receives the related OI, eNB2 will reduce the UL transmission of subframe#3. And eNB3 will not reduce the DL transmission of subframe#3.
Conclusion2: When higher interference is caused by UL to UL interference, some eNB will reduce the DL transmission in Option A, which will unnecessary reduce system capacity. The issue will not happen in Option B.
2.2.2 Option C

For Option C, when eNB1 sends the SIB1 UL-DL configuration and DL HARQ Reference Configuration to eNB2, eNB2 will get the set1 and set2 of eNB1 accordingly. When eNB2 receives the additional OI, it will apply it to set1 of eNB1.
Because the neighbours of eNB1 may have different flexible/ fixed subframes:

· Set1 is the flexible subframes of eNB1, where some of the flexible subframes of eNB1 are suffering from at least DL-to-UL interference, and some are suffering from only UL-to-UL interference.

· Set2 is the fixed subframes of eNB1.

Conclusion3: When the neighbours of eNB1 have different flexible/ fixed subframes, the additional OI in Option C cannot achieve the functionality which is expected.
If all the neighbours of eNB1 have the same flexible/ fixed subframes configuration as eNB1 cell:

· The DL-to-UL interference will only occur in some of the flexible subframes (set1) of eNB1, i.e. set1 includes some subframes with DL to UL interference, and some subframes without DL to UL interference. 

· Set2 only includes subframes without UL to UL interference.

· It is needed to configure the same flexible/ fixed subframes configuration to all the eNBs, which means that a big OAM configuration load is foreseen.
· The receiving eNB will reduce the usage of all the subframes in Set1, even in the included subframes without DL to UL interference, which will reduce the system capacity.

Conclusion4: If all the neighbours of eNB1 have same flexible/ fixed subframes configuration with eNB1 cell, the receiving eNB will reduce the usage the subframes without DL to UL interference in set1, which will reduce the system capacity, and a big OAM configuration load is foreseen.
2.2.3 Option D

For Option D, the receiving eNB2 is able to know the UL subframes intended to be reconfigured as DL in eNB1, which is quite similar with Option C, i.e. the set1 in Option D maybe a little bit smaller than Option C. But due to the different configuration of the neighbours, there will be DL-to-UL interference in some of the subframes in set1 and set2.
Conclusion5: similar with Option C, Option D cannot indicate the new interference in eIMTA case in case eNBs have different configuration. Or if all the eNBs have same configuration, the receiving eNB will reduce the usage of the subframes without DL to UL interference in set1, which will reduce the system capacity, and a big OAM configuration load is foreseen.
3. Proposals
In this contribution, we analyses the listed options on how to define the UL subframe sets in eIMTA, and get the conclusions below:
Conclusion1: All of the 4 options are aligned with RAN1 working assumption “No interference type and/or interference source for subframe-set OI for eIMTA”.
Conclusion2: When higher interference is caused by UL to UL interference, some eNB will reduce the DL transmission in Option A, which will unnecessary reduce the system capacity. The issue will not happen in Option B.
Conclusion3: When the neighbours of eNB1 have different flexible/ fixed subframes, the additional OI in Option C cannot achieve the functionality which is expected.  

Conclusion4: If all the neighbours of eNB1 have same flexible/ fixed subframes configuration with eNB1 cell, The receiving eNB will reduce the usage the subframes without DL to UL interference in set1, which will reduce the system capacity, and a big OAM configuration load is foreseen.

Conclusion5: similar with Option C, Option D cannot achieve the expected functionality in case eNBs have different configuration. Or if all the eNBs have same configuration, the receiving eNB will reduce the usage of the subframes without DL to UL interference in set1, which will reduce the system capacity, and a big OAM configuration load is foreseen.

According to these conclusions, we propose:

Proposal: select Option B as the solution on how to define the UL subframe sets.
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