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1
Introduction
In order to support traffic adaptation in small cells for TDD, RAN1 has been discussing UL-DL reconfiguration and various interference mitigation schemes.  This effort falls under the Further Enhancements to LTE TDD for DL-UL interference Management and Traffic Adaptation (TDD eIMTA) work item [1], for which RAN3 has secondary responsibility.

RAN1 has sent an LS [2] to inform RAN3 on the agreements that potentially affect RAN3 future work on TDD eIMTA.  According to the LS, RAN1 has concluded on the following, with further details to be decided at RAN1#74bis in October:
-
Following information exchange is supported on the backhaul to enable interference mitigation in TDD eIMTA

-
Subframe or subframe-set dependent OI is supported, where OI captures at least the total interference

-
FFS if OI also captures information about a specific type of interference, e.g. eNB to eNB interference

-
FFS for subframe dependent HII/RNTP

-
Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration

In this contribution, we provide an analysis of the potential impacts of TDD eIMTA on RAN3 specifications and propose changes to X2AP.
2
Discussion
The supported UL-DL configurations for TDD radio frames are specified in [36.211] and shown in Table 1 below.  Each configuration has at least one subframe reserved for UL transmission (U), and at least two subframes reserved for DL transmission (D).  

	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

The UL-DL configuration of a cell is signalled to UE in SIB1.  However, a cell that supports TDD eIMTA is allowed to “override” the SIB1 UL-DL configuration by dynamically reconfiguring certain UL subframes (designated as Flexible Subframes) to be DL instead.  The reconfiguration is performed using L1 signalling, possibly as often as every radio frame (10ms).
To ensure backwards compatibility, the following is assumed by RAN1:  
-
Legacy UEs continue to follow the SIB1 UL-DL configuration;

-
With proper scheduling, the network ensures that legacy UE do not transmit in UL Subframes which are reconfigured as DL for eIMTA UE. 
A Fixed UL Subframe is a subframe that is always UL for both legacy and eIMTA UE, i.e. not allowed to be dynamically reconfigured as DL.  The Fixed UL Subframe(s) depend on the DL HARQ timing, which RAN1 has agreed “follows a higher layer RRC configured TDD configuration” and where “at least configurations 2 and 5 can be selected” [2].  Therefore:

-
If DL HARQ timing follows UL-DL configuration #2, then subframes #2 and #7 are Fixed UL Subframes;
-
If DL HARQ timing follows UL-DL configuration #5, then only subframe #2 is a Fixed UL Subframe.
Based on the above, the Flexible Subframes (F) and Fixed UL Subframes (U) are as shown in Table 2 below.
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7

	7

	8
	9

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

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

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

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

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

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

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


Table 2: Uplink-downlink configurations showing Flexible Subframes (F)
The following subsections discuss aspects of TDD eIMTA which have impacts to RAN3 specifications.
2.1
UL-DL reconfiguration information

RAN1 has agreed on the desirability to exchange “information about a cell’s intended UL-DL configuration” over X2 [2], in addition to the existing information about the cell’s SIB1 UL-DL configuration (which is already contained in the Served Cell Information IE of the X2 SETUP REQUEST, X2 SETUP RESPONSE, and ENB CONFIGURATION UPDATE messages). 

If a cell supports TDD eIMTA and dynamically reconfigures one or more Flexible Subframes to be DL, then it is useful to convey this information to neighbours who could take this into account when performing interference mitigation (e.g. UL power control parameter setting, forming cell clusters, etc).  Regarding which message to use for conveying this information, it seems that the LOAD INFORMATION message would be the most appropriate since it is used to “transfer load and interference co-ordination information between eNBs controlling intra-frequency neighbouring cells” [36.423].

Therefore, the following is proposed:

Proposal-1:
Add a new UL-DL Reconfiguration Information IE to the LOAD INFORMATION message, to indicate the Flexible Subframes that are being reconfigured as DL.

2.2
Interference management
RAN1 has agreed on the desirability to exchange “subframe or subframe-set dependent OI” over X2, where OI captures at least the total interference [2].  Here, it is assumed that OI refers to UL Interference Overload Indication which was introduced in X2AP as part of the R8 ICIC feature.  OI indicates the interference level (high, medium or low) per PRB experienced by a cell in UL subframes.
In legacy specifications, the SIB1 UL-DL configuration is expected to be the same for cells residing on the same frequency [36.331].  Therefore, in the absence of TDD eIMTA, the value of OI should be nearly the same for all UL subframes.

However, with the introduction of TDD eIMTA, it is possible for a subframe to be UL in one cell but dynamically reconfigured as DL in a neighbour cell, potentially leading to increased OI.  Looking at this in further detail, the UL subframes can be categorized into three different sets:

Set #1:
Fixed UL Subframe (i.e. subframe #2).
Set #2:
Flexible Subframe but no conflict with neighbours (i.e. same transmission direction as neighbours).
Set #3:
Flexible Subframe and conflict with a neighbour (i.e. opposite transmission direction than a neighbor).
Note that for the above categorization, DL HARQ timing configuration #5 is assumed (i.e. subframe #7 is not considered a Fixed UL Subframe).  This is because the DL HARQ timing configuration can be different in neighbour cells, which means that subframe #7 in a cell where it is a Fixed UL Subframe (i.e. DL HARQ timing configuration #2 is used) can still have opposite transmission direction than a neighbour if the neighbour cell uses DL HARQ timing configuration #5.

Based on the above, the following observations can be made:
Observation-1:
UL subframes in Set #2 should have nearly the same UL Interference Overload Indication value as those in Set #1, since the situation is the same as legacy releases.

Observation-2:
UL subframes in Set #3 can potentially have higher UL Interference Overload Indication value compared to those in Set #1 due to DL-UL interference.
Note that UL subframes in Set #3 do not necessarily have higher OI than those in Set #1, depending on e.g. pathloss, transmission power, etc.  It could therefore be useful to enhance the existing OI information supported in the X2AP Load Indication procedure with additional OI information, in order to assist with interference management in case of UL-DL reconfiguration at one or more neighbour cells.
The additional OI information could be subframe dependent or subframe-set dependent.  There are at least three options for defining the additional OI information:
In Option A, the sending cell categorizes UL subframes into two subframe sets based on whether a neighbour cell has reconfigured the same subframe as DL (“opposite transmission direction) or not (“same transmission direction”), and then reports separate OI for the two subframe sets.  In terms of the previously defined UL subframe sets, “opposite transmission direction” would correspond to Set #3 while “same transmission direction” would correspond to Set #1 + Set #2.  The sending eNB includes a bitmap of the UL subframes that are “opposite transmission direction” so that the receiving eNB knows which subframes are in each set.  This option requires cells to exchange information in advance about the transmission direction of Flexible Subframes.
In Option B, the sending cell categorizes UL subframes into two subframe sets based on whether the subframe is a Fixed UL Subframe or a Flexible Subframe, and then reports separate OI for the two subframe sets.  In terms of the previously defined UL subframe sets, Fixed UL Subframe would correspond to Set #1 while Flexible Subframes would correspond to Set #2 + Set #3.

In Option C, the sending cell reports separate OI for each UL subframe so there is no need for categorization.

These three options are summarized in Table 3 below.

	
	Description
	Pros / Cons

	Option A
	2 separate subframe-set dependent OI, depending on whether an UL subframe has neighbours with:

1.  “same transmission direction” (Set #1 + Set#2), or
2.  “opposite transmission direction” (Set #3)
	· Transfer of OI information is signalling efficient
· Requires the timely exchange of UL-DL reconfiguration information (e.g. transmission direction of Flexible Subframes) between neighbours
· OI information should include bitmap of subframes in Set #3, which could change dynamically due to reconfiguration in either the sending or receiving cell
· Less detailed compared to Option C

	Option B
	2 separate subframe-set dependent OI, depending on whether an UL subframe is:
1.  Fixed UL Subframe (Set #1), or
2.  Flexible Subframe (Set #2 + Set #3)
	· Transfer of OI information is signalling efficient

· Simplest from implementation perspective, since subframe sets are semi-statically determined by the SIB1 UL-DL configuration

· Less detailed compared to Option C

	Option C
	2 to 6 separate subframe dependent OI, one for each UL subframe according to the SIB1 UL-DL Configuration

	· Provides the most detailed information, due to subframe level granularity
· No need to categorize the UL subframes
· More OI information to exchange, which may be overkill and/or redundant


Table 3: Comparison of options for UL Interference Overload Indication (OI) information
Comparing the three options:

-
Option C is the most detailed solution, since OI is captured for each individual UL subframe.  However, it is unclear whether such a detailed solution is needed, given that it is anyway up to eNB implementation how to set the OI values, and the receiving cell does not know whether apparent DL-UL interference was caused by it or a different cell. Although this level of granularity might be useful in certain cases, it comes at the cost of increased signalling overhead since there can be up to six UL subframes per radio frame.  
-
Option A could be viewed as a signalling optimization of Option C, i.e. the categorization of UL subframes at the sending cell enables more efficient transfer of the OI information.  However, the tradeoff is the need for neighbour cells to exchange information in advance about the transmission direction of Flexible Subframes, and also the need for the sending cell to include a bitmap of the subframes in Set #3 which can change frequently due to UL-DL reconfiguration at the sending cell or at any neighbour cell.
-
Option B is the simplest solution, since the subframe-sets are semi-static and it requires the least signalling overhead.
Considering the potential benefits and the signalling overhead, it is proposed that RAN3 adopt Option B as follows:

Proposal-2:
Add a new Additional UL Interference Overload Indication IE to the LOAD INFORMATION message, to convey the OI value representing the UL subframes other than subframe #2.
Proposal-3:
If the Additional UL Interference Overload Indication IE is included in the LOAD INFORMATION message, then the legacy UL Interference Overload Indication IE is used to convey the OI value representing subframe #2.
3
Conclusion
In this contribution, the potential impacts of TDD eIMTA on RAN3 specifications were analyzed based on the LS from RAN1.  Based on the analysis, the following is proposed:

Proposal-1:
Add a new UL-DL Reconfiguration Information IE to the LOAD INFORMATION message, to indicate the Flexible Subframes that are being reconfigured as DL.

Proposal-2:
Add a new Additional UL Interference Overload Indication IE to the LOAD INFORMATION message, to convey the OI value representing the UL subframes other than subframe #2.

Proposal-3:
If the Additional UL Interference Overload Indication IE is included in the LOAD INFORMATION message, then the legacy UL Interference Overload Indication IE is used to convey the OI value representing subframe #2.
A CR for TS 36.423 reflecting the above proposals is provided in [3].  It should be noted that discussion in RAN1 is still ongoing with further details to be decided at RAN1#74bis in October. 
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� If DL HARQ timing follows UL-DL configuration #5.


� If DL HARQ timing follows UL-DL configuration #2.





