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1. Introduction

In RAN1 #74 meeting, some agreement for backhaul signaling to facilitate subframe-set dependent interference mitigation for eIMTA was reached.
· 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

· Details to be decided in RAN1#74bis

In this contribution, we further discuss the backhaul signaling design issue for eIMTA, including both the detailed designs for the agreed backhaul signaling and the necessity of additional backhaul signaling.
2. Detailed Designs for Agreed Backhaul Signaling
2.1 Dynamic TDD UL-DL Configuration
For subframe-set dependent interference mitigation, one critical step is to identify flexible subframes. As we analyzed in [1], flexible subframes can be identified in a semi-static way according to the TDD UL-DL configuration signaled by SIB1. This semi-static identification of flexible subframes is inaccurate and will lead to unnecessary interference mitigation operations, e.g., unnecessary UL power boosting.
It was agreed in RAN1 #74 meeting that information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration, should be added to X2 signaling and exchanged between eNBs, which enables more accurate identification of flexible subframes, i.e., dynamic identification of flexible subframes can be realized with this agreement. However, considering the time scale of traffic adaptation (as small as 10 ms) and the backhaul latency (as large as tens of ms), there will be mismatch between the signaled and the actual UL-DL configuration, which may lead to incorrect identification of flexible subframes.
In order to mitigate this problem, the configuration subset could be introduced, considering that traffic adaptation behavior has some time correlation. Here we have two options:

· Option 1: Configuration subset at the source eNB
For a configurable time interval, one TDD UL-DL configuration subset is exchanged via X2 signaling between eNBs. For example, a 7-bit bitmap can be introduced to indicate the TDD UL-DL configuration subset. Within this time interval, only TDD configurations within this subset can be selected at the source eNB. The receiving eNB identifies flexible subframes based on this received configuration subset.
· Option 2: Configuration subset at the receiving eNB
Once dynamic reconfiguration happens, the intended UL-DL configuration is exchanged via X2 signaling between eNBs. Then the receiving eNB accumulates a configuration subset within some configurable time interval, which could be an implementation issue. Then the receiving eNB can identify flexible subframes based on this accumulated configuration subset.
Observation 1: Considering the time scale of traffic adaptation (as small as 10 ms) and the backhaul latency (as large as tens of ms), there will be mismatch between the signaled and the actual UL-DL configuration, which may lead to incorrect identification of flexible subframes.
Proposal 1: Flexible subframes should be identified based on configuration subset. Two options could be considered, i.e.,
· Configuration subset at the source eNB
· Configuration subset at the receiving eNB
2.2 Enhanced OI
Frequency domain ICIC has been supported in LTE since Rel-8 with the X2 signaling support of OI and HII [2]. It was agreed in RAN1 #74 meeting that subframe or subframe-set dependent OI is supported, where OI captures at least the total interference. This is a natural extension of existing OI to differentiate interference situation in fixed and flexible subframes. 

Considering that OI is an average uplink interference indicator and in dynamic TDD system up to two subframe-sets can be defined, it is also reasonable for enhanced OI to be subframe-set dependent, which means dual-OI report for fixed and flexible subframes, respectively. Both the total interference and the strongest interfering eNBs could be measured, but it is enough for subframe-set dependent OI to indicate the total interference, because the victim eNB can selectively send OI to its strongest interfering eNBs to request inter-cell interference coordination. To support the aforementioned enhanced OI, different eNB-to-eNB measurement scheme could be implemented, e.g., static measurement based on RSRP, dynamic measurement based on instantaneous data transmission, or both, which is implementation issue and has no specification impact.
Proposal 2: Subframe-set dependent OI to capture the total interference should be supported.
3. Necessity of Additional Backhaul Signaling
3.1 Enhanced HII
In RAN1 #74 meeting, no consensus was reached for enhanced HII due to the limited time for detailed discussion. In this section, we will discuss the necessity of enhanced HII, more specifically, subframe-set dependent HII.
As we know, in dynamic TDD system the interference situation in fixed and flexible UL subframes is significantly different, due to the strong eNB-to-eNB interference. Therefore, in order to guarantee a reasonable UL reception performance with a large SINR variation in different UL subframe types, one cell center UE (i.e., noise limited UE) in fixed UL subframes may be labeled as cell edge UE (i.e., interference limited UE) in flexible UL subframes, as illustrated in Fig. 1, to facilitate inter-cell interference coordination in different subframe types, which is known as subframe-set dependent ICIC (SSD-ICIC) [3]. In [3], we show that compared to UL PC, SSD-ICIC can further improve PTP performance, especially for cell-edge UEs. In the current X2AP [2], HII provides, per PRB, a 2 level report on interference sensitivity. So it is necessary to introduce subframe-set dependent HII to support dual-HII report for fixed and flexible UL subframes, respectively.
The receiving eNB may take different actions in different subframe types to mitigate interference to the victim eNB:

· In fixed UL subframe: Not schedule cell edge UEs on RBs indicated by fixed subframe HII

· In flexible DL subframe: Not schedule DL Tx on RBs indicated by flexible subframe HII
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Figure 1. Cell center vs. cell edge in fixed and flexible UL subframes

With subframe-set dependent OI and HII, SSD-ICIC can be efficiently realized to mitigate strong eNB-to-eNB interference in flexible subframes, as shown in Fig. 2. Note that eNB-to-eNB interference is independent of resource allocation to different UEs (except for muting), therefore, it is less frequency-selective than the UL interference generated by UEs. That means we cannot rely on OI for flexible subframes so much compared to that for fixed subframes, which again motivates the introduction of subframe-set dependent HII. With subframe-set dependent HII, the interfering eNB knows which DL RB(s) to be muted in the flexible DL subframes.
[image: image2.png]Flexible UL subframe Flexible DL subframe

3f 5 § § §
; E High SINR Low SINR
SE ImE T O0md o
2
interference. i .Im
Victim ¢NB decides which RB(s)
wattocss fortow SN vEcs). | ot [N
2w
3£
L
g2 High SINR Medium SINR
£% I\ O Ooom I

Resource partitioning cnabled.
Interfering eNB knows which
DL RB(s) to be muted.





Figure 2. Interference mitigation in flexible subframes
Observation 2: Considering the large SINR variation in different UL subframe types, one cell center UE in fixed UL subframes may be labeled as cell edge UE in flexible UL subframes.
Observation 3: With subframe-set dependent OI and HII, SSD-ICIC can be efficiently realized to mitigate strong eNB-to-eNB interference in flexible subframes.
Proposal 3: Introduce subframe-set dependent HII to indicate interference sensitivity per PRB for fixed and flexible UL subframes, respectively.
3.2 eIMTA Capability Indicator
Dynamic TDD is NOT always beneficial for the system performance, e.g., when the traffic load is high [4], the small cells are densely deployed [5], or legacy UEs are the majority. Based this observation, the dynamic TDD UL-DL reconfiguration functionality should be able to be turned on and off. For example, when dynamic TDD is not beneficial, the system falls back to fixed TDD operation. Then all the dynamic TDD related interference mitigation, interference measurement, L1 and X2 signaling (such as dynamic UL-DL configuration, subframe-set dependent OI/HII), etc., can be disabled to simplify the system operation for energy saving and signaling overhead reduction.
The aforementioned fall-back operation from dynamic TDD to fixed TDD is straightforward for the scenario of isolated cell because it will not influence the operation of other cells. However, for the scenario of multi-pico cells, especially clustered small cells, the fall-back operation could be jointly considered among multiple cells within the same cluster. 
As for the Cluster-level fall-back operation, we could have two alternatives:
· Alt. 1: Hard fall-back

With one-bit eIMTA capability indicator, hard fall-back from dynamic TDD to fixed TDD can be realized, as illustrated in Fig. 3, i.e., all the dynamic TDD related signaling and operations are canceled and the system operates exactly as a fixed TDD system.
Different choices of threshold X will lead to different deployment strategies. Obviously, two extreme cases could be anticipated:
· Case 1: All the eNBs in a cluster turn off dynamic TDD if one eNB is under ill condition, while all the eNBs in a cluster turn on dynamic TDD only if all eNBs are under good condition
· Case 2: All the eNBs in a cluster turn off dynamic TDD only if all eNBs are under ill condition, while all the eNBs in a cluster turn on dynamic TDD if one eNB is under good condition
Case 2 is the most aggressive solution to achieve the throughput gain of dynamic TDD whenever possible, while Case 1 is the most conservative solution to maintain a simpler and possibly more robust system operation. Different intermediate cases could be possible with a different threshold X. With the eIMTA capability indicator, different cases can be supported with the same procedure shown in Fig. 3.
[image: image3.png]CRS or CSI-RS
Clustering based on

measurement or
o&M

CIMTA capabiliy indicator
More than X% cells within the cluster
are incapable of dynamic TDD

1
Fixed TDD |

STVTA capabilly indicator

Note: Dynamic TDD capabi

Mor than (100-X)?% cells within the
eluster are capable of dynamic TDD





Figure 3. Cluster-level fall-back operation with eIMTA capability indicator
· Alt. 2: Soft fall-back

With the newly introduced intended UL-DL configuration in X2 signaling, soft fall-back from dynamic TDD to fixed TDD can be supported, as shown in Fig. 4, i.e., only change some dynamic TDD related configurable parameters.
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Figure 4. Cluster-level fall-back operation with intended UL-DL configuration

The major differences between hard fall-back and soft fall-back are compared in Table I. Based these observations, the pros and cons of hard fall-back and soft fall-back are further listed in Table II.
Table I. Differences between hard fall-back and soft fall-back

	
	Hard fall-back
	Soft fall-back

	UL power boosting
	One-set power control
	Configurable, i.e., one-set power control
or configure two-set power control with the power boosting value = 0 dB

	CSI measurement & reporting
	One-set
	Configurable, i.e., up to two-set

	L1 signaling
	No re-configuration signaling
	FFS, the fall-back operation should be considered

	X2 signaling
	eIMTA indicator is needed, other dynamic TDD related X2 signaling are optional
	No eIMTA indicator, other dynamic TDD related X2 signaling are mandatory

	HARQ
	No reference configuration
	Follow reference configuration, details will be fixed in RAN1 #74b and the fall-back operation should be considered

	UL-DL configuration
	Follow SIB1 configuration
	Possible to adjust to the traffic ratio of UL and DL for high traffic case


Table II. Pros and cons comparison

	
	Hard fall-back
	Soft fall-back

	Pros
	· Simple and efficient system operation
	· State transition between fixed and dynamic TDD is flexible
· Still have configuration flexibility to choose a common UL-DL configuration

	Cons
	· State transition between fixed and dynamic TDD may need some time
· UL-DL configuration is fixed to SIB1 configuration for dynamic TDD
	· Some system operation may be redundant (depend on the progress in RAN1), e.g.,
· UE should always monitor L1 reconfiguration signaling
· HARQ should follow reference configuration
· Unnecessary X2 signaling


As for how to choose between hard fall-back and soft fall-back operations, two factors should be considered, i.e., how often the fall-back happens and how long time each fall-back lasts. Considering these two factors, fall back could be an operational matter. A two-step fall-back operation (i.e., step 1: soft fall-back, step 2: hard fall-back) could be considered, when the system will fall back to fixed TDD for long time. Detailed description of expected behavior would be RAN3 work.
Observation 4: Dynamic TDD is NOT always beneficial for the system performance.
Observation 5: For the scenario of clustered small cells, the fall-back operation from dynamic TDD to fixed TDD could be jointly considered among multiple cells within the same cluster. 
Proposal 4: Introduce eIMTA capability indicator to support the cluster-level fall-back operation from dynamic TDD to fixed TDD.
4. Summary
In this contribution, we discussed the detailed designs for eIMTA backhaul signaling, including dynamic TDD UL-DL configuration and enhanced OI. Furthermore, two additional backhaul signaling, i.e., enhanced HII and eIMTA capability indicator, were proposed. The observations and proposals are summarized as follows.
Observation 1: Considering the time scale of traffic adaptation (as small as 10 ms) and the backhaul latency (as large as tens of ms), there will be mismatch between the signaled and the actual UL-DL configuration, which may lead to incorrect identification of flexible subframes.
Observation 2: Considering the large SINR variation in different UL subframe types, one cell center UE in fixed UL subframes may be labeled as cell edge UE in flexible UL subframes.
Observation 3: With subframe-set dependent OI and HII, SSD-ICIC can be efficiently realized to mitigate strong eNB-to-eNB interference in flexible subframes.
Observation 4: Dynamic TDD is NOT always beneficial for the system performance.
Observation 5: For the scenario of clustered small cells, the fall-back operation from dynamic TDD to fixed TDD could be jointly considered among multiple cells within the same cluster. 
Proposal 1: Flexible subframes should be identified based on configuration subset. Two options could be considered, i.e.,

· Configuration subset at the source eNB
· Configuration subset at the receiving eNB
Proposal 2: Subframe-set dependent OI to capture the total interference should be supported.
Proposal 3: Introduce subframe-set dependent HII to indicate interference sensitivity per PRB for fixed and flexible UL subframes, respectively.
Proposal 4: Introduce eIMTA capability indicator to support the cluster-level fall-back operation from dynamic TDD to fixed TDD.
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