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1. Introduction

Although many methods [1,2,3,4] have been proposed in recent RAN4 meetings to reduce HeNB interference created by data channels, they can not eliminate interference from HeNB control channels and reference signals which are transmitted at pre-determined time-frequency resources. 
Different from macro eNBs that are often heavily loaded, a HeNB is normally lightly loaded or even zero loaded. Thus a large portion of HeNB interference comes from control/reference signal transmissions. Moreover, since macro eNBs are usually more heavily loaded during day time, it is crucial to reduce HeNB interference during day time when HeNB subscribers are mostly away from home and HeNBs become pure interference generators. Although such impact from a single HeNB may be negligible, the aggregate interference could be huge as the number of HeNBs is expected to be significant in the future. According to Appendix, RS transmission alone contributes about 10% of total interference for a fully loaded two antenna system. 
To reduce HeNB interference when no UE is connected with the HeNB, a text proposal including various solutions is proposed in the next section. 

2. Text proposal
7.2 Control of HeNB Downlink Interference

.

.

.

7.2.X Control of HeNB Downlink Interference when no UE is connected with the HeNB 

To reduce interference, a HeNB should maintain its normal operation only to meet the needs of its subscribers. When no user is connected with a HeNB, its transmission should be appropriately cut down to minimize its interference towards the macro layer. Three HeNB Low-duty operation modes to alleviate HeNB transmission are proposed in this section.
7.2.X.1 Low duty operation mode (1)
The method proposed in this section requires a HeNB to switch between normal operation mode and low duty operation mode depending on the locations and states of its subscribers. 

· HeNB should transmit its control channels and reference signals as normal eNBs if at least one connected subscriber is under the home cell. 

· HeNB should be completely powered off if all subscribers are outside the overlay macro cell. 

· Alternatively, if no connected subscriber is under the home cell but 

1) at least one subscriber is under the overlay macro cell, HeNB should enter a low duty operation mode such that it transmits control channels and reference signals at a much larger period than normal eNBs; or

2) at least one idle subscriber is under the home cell, HeNB should enter a low duty operation mode such that it transmits control channels and reference signals according to the DRX pattern of the idle UEs under its coverage (i.e. at the time intervals that idle UEs under its coverage will wake up and make measurements). 

Note that this approach requires a UE to notify the network (e.g. via tracking area update message) of its location when it enters or leaves the home cell or the overlay macro cell. Moreover, when the UE enters the overlay macro cell, the network needs to inform the UE of the time intervals its HeNB will transmit control channels to facilitate UE scanning effort. 
7.2.X.2 Low duty operation mode (2) 
The approach proposed in the last section requires network signaling support. To avoid this requirement, an alternative solution is proposed to use reduced (instead of turned off completely) reference signal transmission pattern to mitigate HeNB interference. 
· Rather than transmitting RS continuously for the entire bandwidth, when no connected UE is under service, a HeNB will only transmit RS within central 6 RBs and in the first symbol of sub-frames that have control signaling scheduled, as shown in Fig. 1. 

· Transmission of system information or paging messages will be scheduled only in the central 6 RBs.
· An incoming UE can tell whether this HeNB is accessible based on its cell ID contained in its SIB1 transmission. If yes, it will camp on this HeNB.  

· The HeNB will turn on its RS transmission over the entire bandwidth (or part of it depending on load) when there is an incoming call for the UE camping on it, or when the UE requests to initiate a call.
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 Figure 1 Reduced Reference Signal transmission pattern 
7.2.X.3 Low duty operation mode (3)
The low duty operation mode proposed in this section only applies for open/hybrid access HeNBs deployed in locations with good macro coverage.  To reduce interference, HeNBs are not required to provide services for idle UEs under its coverage.
· A HeNB with no UEs connected will completely turn off its OTA transmission.

· A macro eNB broadcasts in which time-frequency resources PRACH preamble transmission is allowed for itself as well as open/hybrid access HeNBs under its coverage. The resources reserved for PRACH preamble transmission for open/hybrid access HeNBs will be different from the resources reserved for PRACH preamble transmission for the macro eNB. 
· When an idle mode UE wants to initiate network access, it will first send a PRACH preamble using the resources reserved for HeNBs. The HeNB that detects the preamble will re-activate its air interface and send back random access response if the received preamble strength is larger than a pre-configured threshold. If no RAR is received within a time window, the UE will retransmit using the resources reserved for macro eNBs. 
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4. Appendix

According to TS 36.211 Figure 6.10.1.2.-1 as shown below, reference signal overhead for a fully loaded eNB is equal to 4/84, 8/84 and 12/84 for single antenna system, two antenna system and four antenna system, respectively.
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