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1 Introduction

The recent discussions during RAN1#61bis have identified as a baseline approach “almost blank subframes” [1,2] as a possible alternative to mitigate the co-channel interference between Macro and Pico/Femto heterogeneous networks. Almost blank subframes configured in a coordinated manner between the Macro and Small cells allows for interference to be reduced (on the victim layer) when either the Macro or Small cells mute their PDSCH and PDCCH transmissions in the almost blank subframe(s). Almost blank subframes have also been proposed to be used together with symbol/subframe time shifting approaches [3], although compatibility of this approach with TDD has been questioned.  
Further considerations and limitations in general with these approaches have also been discussed in [4] and [5]. In this contribution, we focus on the Radio Link Monitoring at the UE with almost blank subframes. Possible implications on the Release 8/9 specifications are identified. 

2 Almost Blank Subframe 
Almost blank subframes [1] represent an approach whereby the transmission of portions of the DL subframe is muted or blanked from a certain eNB, while the minimum required signals necessary to maintain the link connection between the network and UE would still be sent in the downlink 

Although there is no formal definition of almost blank subframe as an approach in the specification, it can be characterized by having the following properties:

· The PDSCH is not transmitted: No DL data is scheduled for any users
· The PDCCH, PHICH and PCFICH are not transmitted. Since there is no DL and UL data scheduled, the corresponding UL and DL grants are not sent as well. Similarly, ACK/NACK for UL transmission in PHICH can be avoided. Some exception to this would be the PDCCH transmission masked by P-RNTI and SI-RNTI which could continue to be transmitted in the subframes.
· To support system acquisitions, link connectivity, and to maintain backward compatibility to the legacy UE, the following are still sent: 
· CRS: Cell-specific reference signals are sent in the DL as per Release 8/9 specifications
· PSS/SSS: One symbol every 5ms, occupying 62 subcarriers around the centre frequency
· PBCH: Once every 40ms, it is comprises 4 independently self decodable units with repetition, transmitted every 10ms. It occupies 72 subcarriers and 4 symbols.
By not scheduling PDSCH and PDCCH transmission in the data and control regions respectively, almost blank subframes allow the eNB to significantly reduce the subframe-specific DL transmit power. Thus, in co-channel deployments, almost blank subframes at the interferer layer (Macro or the Small cells) would reduce the interference received at the victim layer (Pico or Macro cells, respectively). 

In the next section, the current Radio Link Monitoring in Release 8/9 and its impact caused by of the use of almost blank subframe is discussed. 

2.1 Rel-8/9 Radio Link Monitoring  
The current specification in TS36.213 for radio link quality monitoring states the following:
· The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE shall monitor the downlink link quality based on the cell-specific reference signal (CRS) in order to detect the downlink radio link quality of the serving cell 
· In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in TS36.133, against thresholds Qout and Qin. In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in TS36.133, against thresholds Qout and Qin. 

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout. When the radio link quality is better than the threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync to higher layers. The UE shall estimate the downlink radio link quality and compare it to the thresholds
 Qout and Qin for the purpose of monitoring the downlink radio link quality of the serving cell. The evaluation period for requirement for Qout and Qin are defined in Section 7.6.2 of TS36.133 for both non-DRX and DRX. 
Tentative values provided in Section 7.6.2 of TS36.133 on the evaluation period for non-DRX have been set at 20 radio frames and 10 radio frames for Qout and Qin, respectively. In addition, a Layer 3 filter is applied for both the in-sync and out-of-sync indicators to average the measurements evaluated during these periods. 
From above, the existing DL radio link quality is based on UE making the measurements on CRS in every radio frames and every DRX period, for non-DRX and DRX operation, respectively. 
With almost blank subframe, the CRS measurement can be affected in the following way with respect to the different interference scenarios:

1) Radio link monitoring of CRS of an almost blank subframe where the PDSCH is muted i.e. no PDSCH scheduled to the corresponding UEs: 

a) If the interferer layer transmits normal subframes, higher interference is expected. This scenario is similar to current Release 8/9 operations where RLM is performed in all subframes, including subframes where the UE is not being scheduled DL data

b) If the interferer layer transmits almost blank subframe, the CRS measurement of UEs served by the interferer layer would not be expected to receive high interference from the victim layer.
2) Radio link monitoring of CRS of the normal subframe where the PDSCH may be scheduled for corresponding UEs
a) If the interferer layer does not transmit almost blank subframes, the interference experience by the CRS of victim layer would be from the normal subframe of the interferer layer. 
b) If the interferer layer transmits almost blank subframe, the received interference would be lower compared to if the interferer layer uses normal subframe (Case 2a above).  
Case 1 and Case 2 represent RLM by the UE over subframes in which DL data for the UE exist and do not exist respectively. Case 1a and Case 2a provide scenarios where radio link monitoring at the UE would result in worst link quality relative to radio link in a homogeneous network. 
Case 1a, as explained above, is not expected to result in a degraded radio link condition. 

In Case 2a, higher interference from non-blank subframe of the interferer layer would result in worse link quality. An example would be macro UE receiving interference from non-blank subframes from the Pico cell. It is important to remember that Almost blank subframe, if deployed, would be at the interferer layer. 

Simulation studies of the PDCCH outage from various companies’ contributions have considered BLER threshold of 1%. Adapting current threshold for Qout to PDCCH BLER of [10%] would be needed to study the impact of this additional interference on the out-of-sync threshold. 

The link quality in Case 2b would be better than Case 2a due to almost blank subframes in the interferer layer. Hence, this scenario is not expected to exceed the threshold of [10%] BLER of the PDCCH. 
Observation #1: With CRS being transmitted as per specification requirement in Release 8/9, use of almost blank subframes in the DL would not impact the current UE radio link monitoring procedure. 
Observation #2: In the absence of almost blank subframe(s) in the interferer layer, higher interference would be measured in the CRS for UEs in the victim layer. It is thus proposed to consider:

· Other mitigating techniques such as Power Control of the interferer layer [6]
· Further understanding the impact of [10%] BLER for the PDCCH and possible optimization of the BLER thresholds Qout and Qin to consider the higher interference from co-channel heterogeneous networks deployment. 
3 Conclusions

In view of the above observations, we propose the following points to be communicated to the RAN4 working group on the use of Almost Blank Subframe: 
· Almost blank subframe is a Release 8/9 feature which the Network can also deploy in co-channel Heterogeneous networks to reduce interference to the other co-channel cells. 
· Compared to a Homogenous network with only Macro cells, co-channel Heterogeneous Network would result in higher interference level. Release 8 and 9 Radio Link Monitoring by the UE would see higher interference. Further steps to adapt the radio link quality threshold of the Radio Link Monitoring procedure would be needed.
4 References
[1] R1-093340, “Blank Subframes for LTE,” Alcatel-Lucent

[2] R1-102307, “Interference Coordination for Non-CA based Heterogeneous Networks”, NTT Docomo
[3] R1-093971, “Reliable Downlink Control for Heterogeneous Networks”, Motorola
[4] R1-103713, “Views on PDCCH Interference Mitigation for Het-Nets”, Texas Instruments 
[5] R1-101783, “Interference coordination for DL CCH considering legacy UE”, CATT

[6] R1-104246, “Input for Macro-Femto coordination”, Alcatel-Lucent


































� The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to [10%] block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1.  The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to [2%] block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.
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