3GPP TSG-RAN WG3 Meeting #81bis
R3-131670
Venice, Italy, October 07 - 11, 2013
Title: 
Consideration on LTE TDD eIMTA
Source: 
Huawei
Agenda item:
13
Document for:
Approval
1. Introduction
In last meeting, RAN1 sent an LS R1-134019 [1] to RAN2, RAN3 and RAN4, ask these groups to take the agreements into account in the future work of TDD eIMTA Work Item, in which RAN1 has discussed the mechanisms to support UL-DL reconfiguration and interference mitigation. In this contribution, we analyses the potential RAN3 impact to support interference mitigation in TDD eIMTA.
2. Discussion
2.1 Intended UL-DL configuration exchanging

According to RAN1 agreements in [1], in addition to the existing information about the cell’s SIB-1 UL-DL configuration, the information about a cell’s intended UL-DL configuration needs to be exchanged between eNBs. 
Following information exchange is supported on the backhaul to enable interference mitigation in TDD eIMTA
· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration 

It is a common RAN1 understanding that IE “Subframe Assignment” defined in X2 AP interface refers to the SIB 1 UL-DL configuration. 
If the mentioned “backhaul” means X2 interface, there are two options to exchange the intended UL-DL configuration information:

Option1: add Intended TDD Subframe Assignment IE in X2 SETUP REQUEST / RESPONSE message, and ENB CONFIGURATION UPDATE message
Option2: add Intended TDD Subframe Assignment IE in LOAD INFORMATION message.
X2 SETUP REQUEST / RESPONSE and ENB CONFIGURATION UPDATE are Class 1 Elementary Procedures, for UL-DL configuration exchanging, the acknowledgement is not necessary. And there are lots of mandatory parameters in these two procedures, using these procedures to exchange the Intended TDD Subframe Assignment will increase signaling load on X2 interface. Hence it is better to add Intended TDD Subframe Assignment IE in LOAD INFORMATION message.

Proposal1: If the mentioned “backhaul” means X2 interface, it is proposed to add Intended TDD Subframe Assignment IE in LOAD INFORMATION message to exchange cell’s intended UL-DL configuration.

Note: The related standard impact is shown in section2.3.

2.2 Subframe or subframe-set dependent OI
In RAN1, Cross-Link interference is used to denote two types of interference: (1) DL-to-UL interference (experienced in UL subframes at the eNB); (2) UL-to-DL interference (experienced in DL subframes at the UE).

In TDD eIMTA, Cross-Link Interference (CLI) happens in some UL subframes, which should be considered for OI. As shown in Figure 1, the UL subframe #3 of Cell1 suffers UL-to-UL interference from Cell2 and DL-to-UL interference from Cell3; the UL subframe #4 of Cell1 suffers DL-to-UL interference from both Cell2 and Cell3. The red arrows and the blue arrows indicate the cross-link interference and UL-to-UL interference in UL subframes of Cell1. 
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Figure 1, Cross Link Interference in UL subframes
Based on the different type of interference, the UL subframes could be classified to two sets:

CLI UL subframe set: UL subframes with Cross Link Interference, e.g. UL subframe #3, #4, #8 and #9 in Figure1.

Non-CLI UL subframe set: UL subframes without Cross Link Interference, e.g. UL subframe #2 and #7 in Figure1.

An eNB can determine the UL subframe sets based on the received intended UL-DL configuration of neighbour cells and the intended UL-DL configuration of its own cells. For instance, if a neighbour cell has DL transmission on a UL subframe of eNB1 Cell1, this UL subframe belongs to the set of UL subframes with CLI for cell1.  It is up to eNB implementation how an eNB derives the UL subframe sets from its own Cell’s intended UL-DL configuration and neighbouring cells’.
Since the downlink transmission power of an eNB is usually higher than the UE’s transmission power, the DL-to-UL interference is more severe than UL-to-UL interference, the calculated OI for CLI UL subframe set and Non-CLI UL subframe set will be different, and hence it is necessary to classify the UL subframes to two sets.

Proposal 2: Classify the UL subframes to CLI (Cross-Link Interference) UL subframe set and non-CLI UL subframe set. It is up to eNB implementation how an eNB derives the CLI UL subframe set and non-CLI UL subframe set from its own intended UL-DL configuration and the UL-DL configuration of neighbouring cells. 
The OI evaluation of these two sets is different:

For Non-CLI UL subframe set:

The legacy UL Interference Overload Indication (OI) indicates the total interference level experienced by the indicated cell on all resource blocks, per PRB. It does not distinguish whether the interference is caused by UL transmission or DL transmission in neighbouring cells. This mechanism could still be applied for all the UL subframes in the non-CLI UL subframe set. 
Observation1: Current OI could be applied to indicate interference in all the UL subframes in the non-CLI UL subframe set.

For CLI UL subframe set:

For the UL subframes of the CLI UL subframe set, the interference status of each subframe is different. Typically one can expect DL-to-UL interference to be stronger than UL-to-UL interference, though it cannot be ignored that in some cases UL-to-UL interference may be stronger than DL-to-UL interference. Therefore, UL-to-UL interference and DL-to UL interference need to be considered separately. As shown in Figure 1, some UL subframes (#3 and #8) are interfered by both UL-to-UL interference and DL-to-UL interference, others (subframe#4 and #9) are interfered only by DL-to-UL interference. 

Observation2: each UL subframe in the CLI UL subframe set has different interference status. 

Proposal3: Existing OI bitmap should be used for the non-CLI UL subframe set, and subframe specific OI bitmaps should be used for each UL subframe in the CLI UL subframe set.
2.3 Interference type for  each UL subframe in the CLI UL subframe set

As said in [1], “FFS if OI also captures information about a specific type of interference, e.g. eNB to eNB interference”. As discussed in section2.2, subframe depend OI bitmaps should be used for each UL subframe in the CLI UL subframe set. Figure 2 illustrates an example where the OI bitmap reflecting to the total uplink interference can comprise a mixture of PRBs affected by different type of interference. Namely, the OI bitmap for subframe#3 at cell 1 consists of PRB pair where DL-to-UL interference is dominant, PRB-pairs where UL-to-UL interference is dominant, etc. On the other hand, it may happen that other subframes (for instance, subframe #4 in this example) are dominated by a single type of interference.
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Figure 2, Interference of the UL subframe in CLI UL subframe set
Therefore, the OI needs to capture the information about interference type in order for the receiving eNB to take the proper action for mitigating the interference and avoid unnecessary scheduling restrictions in uplink or power reduction in donwlink/uplink. In the above example, for instance, if the OI bitmap for eNB1 would only capture the total uplink interference, eNB2 will avoid scheduling UE in all the high interfered PRBs and eNB3 will reduce the power/usage of DL transmission for all the high interfered PRBs. However, if eNB2 and eNB3 could knows the interference type, eNB2 would only need to avoid scheduling UE in the PRBs interfered by UL-to-UL interference, and eNB3 would only need to reduce the power/usage of DL transmission in the PRBs interfered by DL-to-UL interference. 
In [1], it is said that “OI captures at least the total interference”, due to the different transmission power of eNB and UE, the thresholds to determine “high/medium/low” OI for UL-to-UL interference are different than those used for DL-to-UL interference. As shown in Figure 2, the total OI bitmap could be derived by UL-to-UL OI bitmap plus DL-to-UL OI bitmap, there are two possible options for OI enhancements:

Option1:  using total OI bitmap for each CLI UL subframe, with an indication of “DL-to-UL interference is dominant” or “UL-to-UL interference is dominant”. 

In this option, it is difficult to obtain the real UL-to-UL and DL-to-UL  interference status, i.e. it is difficult to know the UL-to-UL interference status in case of “DL-to-UL interference is dominant”, and it is different to know the DL-to-UL interference status in case of “UL-to-UL interference is dominant”,

Option2: using UL-to-UL OI bitmap and DL-to-UL OI bitmap for each CLI UL subframe

This option provide more accurate interference status to the receiving eNB, the receiving eNB can easily choose the proper ICIC scheme.
In order to enable the receiving eNB to choose the proper ICIC scheme, it is needed to indicate the interference type in OI, i.e. using DL to UL Interference Overload Indication for DL to UL interference, using UL to UL Interference Overload Indication for UL to UL interference.
Proposal4:  In order to enable the receiving eNB to choose the proper ICIC scheme, it is needed to indicate the interference type in OI, i.e. using DL to UL Interference Overload Indication for DL to UL interference, using UL to UL Interference Overload Indication for UL to UL interference.

The related spec change is shown below:

------------------------------------------

9.1.2.1
LOAD INFORMATION

This message is sent by an eNB to neighbouring eNBs to transfer load and interference co-ordination information. 

Direction: eNB1 ( eNB2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Cell Information
	M
	
	
	
	YES
	ignore

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell
	–
	–

	>>UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>UL High Interference Information
	
	0 .. <maxCellineNB>
	
	
	–
	–

	>>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the HII is meant
	–
	–

	>>>UL High Interference Indication
	M
	
	9.2.18
	
	–
	–

	>>Relative Narrowband Tx Power (RNTP)
	O
	
	9.2.19
	
	–
	–

	>>ABS Information
	O
	
	9.2.54
	
	YES
	ignore

	>>Invoke Indication
	O
	
	9.2.55
	
	YES
	ignore

	>>Intended TDD Subframe Assignment
	O
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6,…)
	Intended Uplink-downlink subframe configuration information defined in TS 36.211 [10]
	–
	–

	>>Extended TDD UL Interference Overload Indication
	
	0 .. <maxnoofULsubframes>
	
	Interference Overload Indication for CLI UL subframes. If this IE is present, the UL Interference Overload Indication IE is specified for the non-CLI UL subframes.
	–
	–

	>>>Subframe Number
	M
	
	INTEGER (0..9)
	Subframe number of
 the CLI UL subframe
	–
	–

	>>>Total UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>>DL to UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>>UL to UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxnoofULsubframes
	Maximum no. UL subframes within a radio frame. Value is 8.


Note: For the UL subframes in the CLI UL subframe set, it is FFS in case DL to UL Interference Overload Indication IE and UL to UL Interference Overload Indication IE are introduced, whether the Total UL Interference Overload Indication IE is still needed or not. RAN3 may needs to send LS to RAN4 for clarification.

2.4 Subframe dependent HII/RNTP
Subframe dependent DL power control and UL power control are still under discussion in RAN1, if they are adopted by RAN1, the HII and RNTP will be different for different subframe, and then it is necessary to support the subframe dependent HII and RNTP. It is recommended to discuss them after RAN1 discussion.

Proposal5: Discuss the subframe dependent HII and RNTP after RAN1 discussion on subframe dependent power control.

3. Proposals
In this contribution, we analyses the potential RAN3 impact for the intended UL-DL configuration exchanging, OI enhancement, and Subframe dependent HII/RNTP. It is kindly proposed to RAN3 to adopt the following Proposals as way forward for TDD eIMTA: 

Proposal1: If the mentioned “backhaul” means X2 interface, it is proposed to add Intended TDD Subframe Assignment IE in LOAD INFORMATION message to exchange cell’s intended UL-DL configuration.

Proposal 2: Classify the UL subframes to CLI (Cross-Link Interference) UL subframe set and non-CLI UL subframe set. It is up to eNB implementation how an eNB derives the CLI UL subframe set and non-CLI UL subframe set from its own intended UL-DL configuration and the UL-DL configuration of neighbouring cells. 

Proposal3: Existing OI bitmap should be used for the non-CLI UL subframe set, and subframe specific OI bitmaps should be used for each UL subframe in the CLI UL subframe set.
Proposal4:  In order to enable the receiving eNB to choose the proper ICIC scheme, it is needed to indicate the interference type in OI, i.e. using DL to UL Interference Overload Indication for DL to UL interference, using UL to UL Interference Overload Indication for UL to UL interference.

Proposal5: Discuss the subframe dependent HII and RNTP after RAN1 discussion on subframe dependent power control.

Note: about subframe dependent OI for UL subframe in the CLI UL subframe set, in case DL to UL Interference Overload Indication IE and UL to UL Interference Overload Indication IE are introduced, it is FFS whether the Total UL Interference Overload Indication IE is still needed or not. RAN3 may needs to send LS to RAN4 for clarification.
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