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1. Introduction
For LTE TDD eIMTA WI, according to the two LS[1][2] received so far from RAN1, it can be observed that two main aspects require backhaul signaling support, i.e., the transfer of cell’s intended UL-DL configuration which reflects the dynamic traffic demands, and subframe-set dependent OI for interference mitigation purpose. This contribution discusses the latter one, the main open issue to be fixed from the way forward paper [3] of RAN3#82. 
2. Discussion

2.1 Options on subframe-set dependent OI signaling
Solution options on how to define the two subframe sets and the OI signaling are summarized as below (copied from [3]):

┌

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.











┙

2.2 Analysis on the options
Options A and B:

Options A and B are quite similar, the only difference is Option B explicitly states the additional OI contains DL-UL interference, but Option A does not. Both options could work well.
Although most companies’ common view is that typically DL-UL interference is significantly higher than UL-UL interference for the UL subframes, and Option B design could better reflect this situation, companies are reluctant to define the subframe-set dependent OI signaling containing explicitly the interference type information. Thus option A seems more acceptable for compromise.
Option C:

The two UL subframe sets are categorized as a flexible subframe set (set 1) and a fixed subframe set (set 2). Each DL HARQ Reference configuration together with SIB1 UL-DL configuration could determine a set of fixed subframes; others belong to flexible subframe set. Two drawbacks can be observed:

(1) Interference situation among the subframes in set 1 is not always the same. The two sets defined like this are static, which cannot reflect dynamic change of UL-DL configuration, thus may lead to inappropriate process of the receiving eNB. For example, for SIB1 UL-DL configuration 0 and DL HARQ reference configuration #2, subframe #2 and #7 are fixed UL subframes and belong to set 2, then subframes #3/#4/#8/#9 belong to set 1, as in Figure 1. However with eIMTA, UL-DL configuration can be reconfigured and thus different from SIB1 configuration, e.g., if changed to UL-DL configuration 1, #4 and #9 will be DL subframes, which should not belong to set 1 anymore for the exchange of OI. Wrong including of subframes into the subframe set 1(and set 2 accordingly) may lead to the inappropriate scheduling decision of the receiving eNB.
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1: Uplink-downlink configurations from TS36.211
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Figure 1: Subframe sets derived from SIB1 TDD configuration 
(2) The determination of fixed set relies on the awareness of neighbor cell’s DL HARQ reference configuration, which is not justified sufficiently.
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.

If we understand option D from [4], it says “those subframes with different UL/DL configuration in Subframe Assignment and Flexible Subframe Assignment IEs are flexible subframes”; “If an OI for flexible subframes is defined, eNBs receiving it will understand if their configuration is source of interference by means of flexible subframe configuration history”.  
The understanding of the cell receiving the OI for flexible subframes may not be always correct, as the receiving cell may not be aware of the neighboring cells’ UL-DL configuration of the sending cell. For example, cell A receives OI indicating high for flexible subframes from cell B, cell A may understand the source of the high interference is itself. However cell C is the real source of the high interference due to the reconfiguration of the UL-DL reconfiguration of cell C, which is not aware of in cell A. Similar to Option C, wrong verdict of the interference situation in receiving cell may lead to inappropriate process of the receiving cell
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Figure 3: Example Cell A, B, C
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Figure 4: Subframe OI sinaling procedure for option D
Given the analysis above, Option A is the best approach to meet the requirement from RAN1 on OI signaling support over X2. It should also be noted that the common part of all the options is that subframe-set dependent OI signaling is transferred by Load Indication procedure. 
Proposal 1: Option A is adopted to define the subframe-set dependent OI signaling. 
Proposal 2: Subframe-set dependent OI signaling is transferred by Load Indication procedure.
2.3 Others
Explicit subframe bitmap for subframe set 2:
For Option A and B, whether explicit subframe bitmap for subframe set 2 is needed was also discussed in RAN3#82, how it’s defined can be found in [5].
The merit of such explicit subframe bitmap for set 2 may exist in the following case: a subframe is indicated as UL in intended UL-DL configuration by eNB A but actually used as DL transmission, and the interference is reported as high in set 2(for legacy) by eNB A. If there is no explicit subframe bitmap for set 2, the eNB B may understand this subframe is still a UL subframe experiencing high interference and decrease the UL scheduling on this subframe, which is not necessary because this subframe is used as DL transmission in eNB A. This may lead to potential waste of the resources in eNB B but will not lead to higher interference. Explicit bitmap for set 2 can avoid such waste. 
It should be noted that explicit bitmap for set 2 is only useful for the case above and can be seen as a further enhancement. In other cases, explicit bitmap for set 2 is redundant.  It is slightly preferred not to introduce it.
Proposal 3: No explicit subframe bitmap for set 2 is defined.
3. Conclusion and proposals
This contribution discusses open issues related to the subframe set dependent OI signaling. Following proposals are made: 
Proposal 1: Option A is adopted to define the subframe-set dependent OI signaling. 

Proposal 2: Subframe-set dependent OI signaling is transferred by Load Indication procedure.

Proposal 3: No explicit subframe bitmap for set 2 is defined.
X2AP CR reflecting the above proposals and the agreements in [3] is provided in [6].
Proposal 4:  To agree on the X2AP CR in [6].
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