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1. Introduction
At RAN3 #69bis, RAN3 received LSs from RAN1 on enhanced ICIC (eICIC) [1, 2]. In the LS, RAN3 is asked to define X2-AP signalling needed for time-domain eICIC [2]. MBSFN subframes together with Almost Blank Subframes (ABSs) can be used for the time-domain scheme as defined follows [2]:
· If ABSs coincide with MBSFN subframes not carrying any signal in data region, CRS is not present in data region.
· MBSFN subframes carrying signal in data region shall not be configured as ABSs.
This paper discusses how MBSFN subframes can be configured as above via X2-AP signalling and also clarifies stage 2/3 specification impacts.
2. Discussion
2.1. Benefit of MBSFN subframe with ABS
Use of MBSFN subframes at Macro eNB is beneficial to reduce interference incurred at UE served by Pico eNB, since Cell-specific Reference Signals (CRSs) are not transmitted in the PDSCH region of MBSFN subframes. MBSFN subframes would be especially beneficial to ensure the reception of MIB/PSS/SSS/SIB1 if the UE is not capable of CRS interference cancellation. However, since MBSFN subframes can be configured only on limited subframes (#1, #2, #3, #6, #7 and #8), flexible resource partitioning between Macro and Pico eNBs cannot be achieved. Hence, MBSFN subframes together with ABSs can solve this limitation. 
2.2. Assumptions and scenarios
Rel-9 X2-AP can exchange MBSFN subframe configuration by X2 Setup and eNB Configuration Update procedures [3]. For eICIC, these procedures can also be used for Macro eNB to inform Pico eNB of this. ABS patterns are to be indicated by extended LOAD INFORMATION message [4]. Having considered the above facts, following three scenarios are analysed below:

Scenario 1:
Pico eNB knows that MBSFN subframes are not configured at Macro eNB, upon receiving the LOAD INFORMATION message. 
Scenario 2:
Pico eNB knows MBSFN subframes configured at Macro eNB, upon receiving the LOAD INFORMATION message.

Scenario 3:
Pico eNB receives the ENB CONFIGURATION UPDATE message including updated MBSFN subframe configuration, when configuing ABSs together with MBSFN subframes. 
2.3. Scenario 1

In this scenario MBSFN subframes are not configured at Macro eNB. Pico eNB can know this by the X2-AP signalling as abovementioned. Upon receiving the LOAD INFORMATION message, Pico eNB can comprehend that all of the subframes indicated in this message are configured as ABSs at Macro eNB illustrated in Fig.1.
[image: image1.emf]SFN

MBSFN subframe

(Not configured

）

SFN

ABS

(indicated in the LOAD 

INFORMATION message)

ABS

Pico eNBcan comprehend that indicated 

subframes are configured as “ABS”.


Figure 1:
ABS/MBSFN subframe interpretation at Pico eNB in scenario 1
2.4. Scenario 2

In this scenario, the assumption is that MBSFN subframes have already been configured at Macro eNB in advance. Pico eNB can know the MBSFN subframes by the X2-AP signalling. Following sub-scenarios illustrated in Fig.2 can be further considered:
Scenario 2-1:
ABS = MBSFN subframe 

All MBSFN subframes are used for eICIC at Macro eNB. Upon Pico eNB receiving the LOAD INFORMATION message from Macro eNB, the Pico eNB can comprehend that all MBSFN subframes are utilised for eICIC. This is because the indicated ABS pattern corresponds to the one for the MBSFN subframe being configured. Namely, all ABSs coincide with MBSFN subframes not carrying any signal in data region in this scenario.
Scenario 2-2:
ABS ⊂ MBSFN subframe 

This scenario addresses coexistence with other usages, e.g., MBMS, LCS, etc. Macro eNB does not flag ABS indication bits on which MBSFN subframes are utilised for other usage in the LOAD INFORMATION message. By doing this, Pico eNB can comprehend that MBSFN subframes overlapping ABSs are utilised for eICIC, upon receiving the ABS pattern from Macro eNB.
Scenario 2-3:
ABS ⊃ MBSFN subframe 

This scenario addresses MBSFN subframe configuration together with ABSs for eICIC. From the ABS pattern in the LOAD INFORMATION message, Pico eNB can comprehend the eICIC subframe configuration, i.e., MBSFN subframe or ABS by comparing MBSFN subframe and ABS patterns. 
Scenario 2-4:
ABS ∩ MBSFN subframe = Φ 
MBSFN subframes are not utilised for eICIC but for other usage at Macro eNB. Since the ABS pattern is not overlapped with MBSFN subframes being configured, Pico eNB can comprehend that all subframes indicated in the LOAD INFORMATION message are configured as ABSs at Macro eNB, while MBSFN subframes are not utilised for eICIC. 
Scenario 2-5:
ABS ∩ MBSFN subframe = ∃ 

This can be addressed in combination with Scenario 2-2 and 2-3. How Pico eNB can comprehend ABSs and MBSFN subframes is the same as these scenarios.
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Figure 2:
ABS/MBSFN subframe interpretation at Pico eNB in scenario 2
From the above analysis, the followings need to be specified in the stage-2 specification (TS 36.300) to support scenario 1 and 2: 
· MBSFN subframes together with ABSs can be used for time-domain eICIC.
· Macro eNB shall not configure MBSFN subframes being used for other usage (e.g., MBMS, LCS) as ABSs.
In addiotion, the following eNB behaviour needs to be specified in the stage-3 specification (TS 36.423). 
· Upon receiving the LOAD INFORMATION message including an ABS pattern, if an indicated ABS has already been configured as a MBSFN subframe, the eNB comprehends that the MBSFN subframe is used for eICIC (i.e., the PDSCH region of the ABS does not contain CRS). 

2.5. Scenario 3

An issue to be clarified in this scenario is how Pico eNB comprehend MBSFN subframe configuration updates when configuring ABSs together with MBSFN subframes illustrated in Fig.3. For Macro eNB to change the MBSFN subframe configuration, following use cases can be considered:
· Operators can modify the MBSFN subframe configuration for eICIC or other usage.

To do this, following two approaches can be considered:
Alternative 1:
Pico eNB considers all ABS configurations still valid upon modifying MBSFN subframe configurations. Macro eNB sends the LOAD INFORMATION message after informing of MBSFN subframe configuration updates, if the ABS pattern is also modified. 
Alternative 2:
An ABS pattern IE is introduced in the ENB CONFIGURATION UPDATE message, so that the ABS pattern can be updated together with MBSFN subframes. 
Although Alt.2 is a more optimised approach, Alt.1 seems to be simpler not requiring Rel-9 X2-AP signalling extension. Therefore, Alt.1 seems to be desirable. To support this, the following eNB behaviour needs to be specified in the stage-3 specification (TS 36.413). 
· Upon receiving the ENB CONFIGURATION UPDATE message including MBSFN subframe configuration updates, if ABSs are already configured, the eNB shall consider all ABS configurations valid.
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Figure 3:
MBSFN subframe configuration updates in eICIC operations

3. Summary and proposal
Stage-2/3 specification impacts on how MBSFN subframes together with ABSs can be configured for eICIC were analysed. In conclusion, the followings are proposed:
Proposal 1:
The followings should be captured in TS 36.300 to utilise MBSFN subframes together with ABSs for eICIC.
Proposal 1-1:
MBSFN subframes together with ABSs can be used for time-domain eICIC.
Proposal 1-2:
Macro eNB shall not configure MBSFN subframes being used for other usage (e.g., MBMS, LCS) as ABSs.
Proposal 2:

The followings should be captured in TS 36.423.
Proposal 2-1:
Upon receiving the LOAD INFORMATION message including an ABS pattern, if an indicated ABS has already been configured as a MBSFN subframe, the eNB comprehends that the MBSFN subframe is used for eICIC (i.e., the PDSCH region of the ABS does not contain CRS). 
Proposal 2-2:
Upon receiving the ENB CONFIGURATION UPDATE message including MBSFN subframe configuration updates, if ABSs are already configured, the eNB shall consider all ABS configurations valid.
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