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1
Introduction
The introduction of blank subframes in Rel-9 was discussed in RAN1#58 [1-3]. From the presentation of contribution and discussions online during the meeting, the following was captured by the RAN1 chairman in his notes:

Summary of arguments during the discussion

· Issues:

· Impact on Rel8 UE performance

· Either accept or wait until Rel8 terminals are phased out

· IOT for Rel9 UEs as long as not implemented in real networks

· Possible benefits:

· Future proofness

· Power saving from not transmitting on the REs in the control region

· For heterogeneous network operation

· ICIC in control region

· Improvements expected with Rel10 CI

· Relays

· Feasible with MBSFN subframes as per discussion in 2008

· Overcomes limitation in number of MBSFN subframes

· Could be resolved in Rel9

· Possible alternatives: [almost blank subframes]

· Zero power for Rel8 signals in control region, with CRS, with or without signaling

· Can give benefits for heterogeneous networks

Conclusion:
No agreement in RAN1 to introduce blank subframes.
Reference [2] introduced the notion of “almost blank subframes” defined as MBSFN subframes where from Rel-8 UEs perspective, only the CRS is transmitted in the control region of the subframe and where the data region is empty. Almost blank subframes have the great benefit of not impacting Rel-8 UE performance in terms of RRM measurements and channel estimation, as CRS remains being transmitted as done for (regular) MBSFN subframes. Indeed, almost blank subframes are considered to be equivalent to blank subframes from the interference management perspective if they are combined with advanced UE receiver implementations, e.g., CRS interference cancellation at the UE, which effectively would completely blank-out the control region of the subframe (as blank subframes were aiming).

The notion of almost blank subframes, would, however, not facilitate an easier backhaul link design for relaying operation (based on Rel-8 PDCCH) or would allow for extended OFF periods of eNB transmitters for power savings at the network.

While it is understood that “almost blank subfrmes” can be implemented without any specification impact, this contribution discusses the potential benefits of having Rel-9 and beyond UEs aware of the distinction between almost blank subframes and MBSFN subframes. 
2
Discussion

From Rel-8 UE perspective, it is clear that
· Almost blank subframes appear as (regular) MBSFN subframes

· As such, RRM and channel estimation is performed at the UE as done for MBSFN subframes. Also, for these subframes, Rel-8 UEs will not attempt to decode DCI formats corresponding to DL assignments. 

· PHICH demodulation is done as in other subframes. Note that the PHICH “puncturing” can be minimized with proper scheduling restrictions pairing DL blanking with UL blanking. Even if PHICH is expected by the Rel-8 UE, the Rel-8 MAC mechanism of “suspending” re-transmissions will be helpful in this context to increase communication reliability in case of possible increase of PHICH miss detections
From Rel-9 UE perspective, awareness of almost blank subframes vs. MBSFN subframes would allow
· No degradation of PHICH performance in case the network “punctures” the transmission of some PHICH instances. 
From Rel-10 UEs perspective, almost blank subframe awareness would, in addition, facilitate 

· Redefining REs corresponding to transmission of Rel-8 PCFICH/PHICH/PDCCH for transmission of other channels or signals, e.g., new type of control channels supporting advanced ICIC, or data RBs starting at the beginning of the subframe. 

As pointed out in the Introduction section, the notion of almost blank subframes provides the same interference management capabilities as blank subframes provided an advanced receiver implementation is used at the UE. In that sense, the feasibility of certain interference management techniques rely on both sides of the communication link to operate as stated, i.e., use of almost blank subframes at the network side, and use of an advanced receiver at the UE side. Consequently, having awareness in the air interface of such notion would certainly impact UE implementation plans and would allow the proposition of using almost blank subframes as a possible and feasible interference management mechanism solution. 
3
Conclusion

Based on the introduction and the discussion in the previous sections we propose the following:
· Define the notion of almost blank subframes as a configuration distinct from MBSFN subframes from Rel-10 onwards

Almost blank subframes are a special case of MBSFN subframes where no signals for legacy operation are transmitted in the control region of the corresponding subframe other than the CRS. They provide the interference management capability enabled by blank subframes when used in conjunction with advanced UE receiver implementations. 
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