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1. Introduction

At RAN #68bis, proximity indication with CGI of the cell was proposed in [1] as a means to trigger the HeNBs to be turned on. It is assumed that HeNB can be turned off when no member UE’s are connected to the HeNB.  Other than the direct advantage for reducing energy expenses as a result of turning off unused cells [2], another key advantage for turning off HeNBs is to reduce the interference to macro eNBs or other HeNBs.  Both RAN1 [3] and RAN4 have discussed interference issues extensively. 
This contribution proposes that RAN2 adopts proximity indication as a means for energy saving and proposes additional mechanisms for turning on HeNBs.  
2. Discussion
The benefit from turning off HeNBs when no CSG users are present is significant especially considering the number of HeNBs that will likely be deployed within a macro eNB coverage area.  At any given time, it is likely that several HeNBs can be turned OFF in a region [refer to figure 1].   DL coordination of subframes among HeNBs and macro eNB will be needed to manage interference for all HeNBs that are remained ON.  

[image: image1.emf]HeNB 

(off)

Fig. 1: Multiple HeNBs within a Macro eNB Coverage Area
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2.1. Proximity Indication with CGI
It has been suggested in [1] that proximity indication be used as a trigger mechanism for turning on HeNBs.  And in order for this to work the UE must also include the CGI of the target HeNB in the proximity indication sent to the serving eNB. This will in turn allow the s-eNB to turn on the HeNB and also configure the UE with measurement information.  
Currently proximity indication is only supported in the connected state but the HeNB must also be triggered to be turned on when the UE is in the idle state.  It is proposed that the UE initiates connection establishment with the eNB upon detection of the target HeNB.  After the connection is established the UE can proceed to send the proximity indication to the s-eNB which will in turn wake up the target HeNB.  
Proposal 1: It is proposed that the UE includes the CGI of the cell for which the proximity indication was triggered in order to turn on the target HeNB.

Proposal 2: It is proposed that the UE in idle state initiates connection to the eNB upon detection of the target HeNB and sent the proximity indication with CGI info to the s-eNB. 
2.2. Proximity to HeNB based on Macro eNB coverage
In many scenarios the target HeNB is within the coverage of the s-eNB.  Although it would be preferable to turn on the HeNB when the UE is within the coverage of the HeNB (e.g. by using the Proximity Indication), it may be sufficient in some cases if the target HeNB is turned on as soon as the UE is served by the eNB associated with its target HeNB.  In this case the UE may or may not be within the coverage of the target HeNB.  Therefore, rather than using proximity indication to wake up the HeNB another approach would be for the network to determine the presence of UE within the coverage of the s-eNB (i.e., served by this s-eNB).  For this to work the network would need to keep track of the CSG UEs, its current s-eNB.  The network will need to determine whether the UE’s target HeNB is within the proximity of the s-eNB.  Since the network has access to the CSG List of the UE, it can determine whether any HeNB in the serving eNB is accessible to the UE.  If so, the network can wake up the target HeNB as needed. The benefit of this option is that no changes to the Proximity Indication message are needed. 
In the idle state we assume the UE would still use fingerprinting to trigger the UE to initiate a connection to the serving eNB.  Once connected, the network will determine whether any target HeNB needs to be turned on based on the UE’s s-eNB and its CSG List. 
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Proposal 3: RAN2 should allow the option for a network based approach using macro eNB coverage as a trigger for turning on the target HeNBs. 
2.3. Proximity to HeNB based on HeNB detection of UE
The main drawback with the macro eNB coverage described in section 2.2 is the difference in size of the coverage footprint between the macro eNB and the HeNB.  A UE may be within the coverage of the macro eNB and not within the coverage of its HeNB for an extended period of time. In contrast, section 2.1 proposes the transmission of Proximity Indication including CGI when the UE is in close proximity to the target HeNB.  This is based on UE’s fingerprinting information.. Rather than letting the UE detect the presence of its HeNB an alternative is for the HeNB to detect the presence of its member UE(s) [see Fig. 3].  Once the HeNB detects the presence of its member UE(s), it can turn on its transmitter.  This has the additional benefit that the UE could reduce the need for fingerprinting and reduce its power consumption. As in the case in section 2.2, fingerprinting will still be needed during idle state. 
As discussed in section 2 above, the main motivation for turning off the HeNB is to reduce the interference to other HeNBs or macro eNBs when the HeNB is not serving any member UEs.  However, only the HeNB transmitter needs to be turned off when not in use. The HeNB’s receiver can stay on without causing any interference. Depending on implementation, one option would be to configure the HeNB to detect uplink signal transmissions (e.g., sounding signal) by its member UE(s) to the serving eNB. In the inter-frequency scenario, the HeNB’s receiver would need to be configured to monitor the frequency operated by the s-eNB.  Importantly, the HeNB must be able to single out its member UEs from non-member UEs.  The HeNB could monitor its member UE based on its C-RNTI.  The UE’s C-RNTI’s can be delivered to the HeNB by the network (a RAN3 issue) since the network can also determine which UE belongs to which HeNB.  Again, once the HeNB detects the presence of its member UE(s), it can proceed to turn on its transmitter.  
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Fig. 3: Proximity to HeNB based on HeNB detection of UE
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Proposal 4:RAN2 should allow the option for turning on the HeNBs upon detecting the presence of its member UE(s)
3. Conclusion
To support energy saving with on/off switching of the HeNB, it is proposed that the Proximity Indication be extended to include the option for CGI reporting.  Additionally we should also allow the operators with the option to turn on HeNB using network initiated approach.  

Proposal 1: It is proposed that the UE includes the CGI of the cell for which the proximity indication was triggered in order to turn on the target HeNB.

Proposal 2: It is proposed that the UE in idle state initiates connection to the eNB upon detection of the target HeNB and sent the proximity indication with CGI info to the serving eNB. 
Proposal 3: RAN2 should allow the option for a network based approach using macro eNB coverage as a trigger for turning on the HeNBs. 

Proposal 4:RAN2 should allow the option for turning on the HeNBs upon detecting the presence of its member UE(s)
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