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1 Introduction 

The Release 8 ICIC mechanism of Relative Narrowband Transmit Power (RNTP), which is part of LOAD INFORMATION, is used as an indicator signalling by an eNB to specify its frequency domain resource allocation in the future.  Enhancing RNTP is identified as one of the objectives in the Release 13 WI on Inter-eNB CoMP signalling [1] as follows.
The contribution discusses enhancements to RNTP signalling that need to accompany the inter-eNB CoMP signalling hooks.
2 eRNTP: Motivation
The current signaling as being adopted by RAN3 for inter-eNB CoMP  [2]  includes CoMP Information IE as part of LOAD INFORMATION that allows an eNB to send a set of CoMP hypothesis and associated benefit metric for them. CoMP Information contains patterns of hypothetical resource allocations in frequency and in time for a set of eNBs.
However the resource allocations do not have  any operational meaning attached to them.  The CoMP signaling exchange is indepenent of any past or future resource allocations actually used at an eNB. For multiple eNBs to coordinate their resource allocation an additional signaling is required that indicates actual resource allocation to be used in time and frequency domain.  Although the RAN1 directive for accompanying Rel 12 WI  on Inter-eNB CoMP explicitly clarifies that no restriction is imposed by inter-eNB CoMP signaling by one eNB on another, it does not preclude an eNB from declaring its own intended  resource allocation. 
The Inter-Cell Interference Coordination (ICIC) signaling IE on the downlink, namely RNTP  is used by an eNB to  indicate its own  frequency domain resource allocation.  As the WI motivates, a new IE with similar operation can acomplish the coordination in time domain under CoMP signaling. 
Observation:  Enhancement to RNTP signaling that allows an eNB to specify the resource allocation promise that varies in frequency as well as in time, is important for Inter-eNB CoMP operation and should be considered.

Without ambiguity, we will refer to such signaling mechanism as Enhanced RNTP (eRNTP). 

3 eRNTP: Resource Allocation In Use at Sender
Two options available for eRNTP signaling can be considered: . 

As agreed, CoMP Hypothesis signaling already specifies the IEs ‘CoMP Information’ that capture the time and frequency domain resource allocation.  A simple way to accomplish eRNTP signaling is by inclusion of  an ‘In-Use-Status’ flag IE in the CoMP Information IE, that applies only to the resource allocation of the sender cell if included. 

Option 1: eRNTP functionality can be obtained by extending the inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange. A power threshold will be added for this purpose.
For Option 1 if set to true, the In-Use-status will be used to indicate that the sender cell shall follow the resource allocation. If set to false, no such commitment would be made by the sender cell, 
Option 1 ties the eRNTP to associated CoMP information and also uses a shared framework for interpretation of time and frequency resources identified.  
On the other hand, a limitation of Option 1 is that it is necessarily used in conjunction with inter-eNB CoMP signaling. In principle, the information – an enhancement to RNTP – is generic and can be used in circumstances other than CoMP operation for compact interference coordination.  

Option 2: eRNTP can be specified as a separate standalone IE
For Option 2, the time and frequency domain resources for eRNTP should be indicated separately.  They can take the same form as those included in CoMP information. This option is preferred as eRNTP can be signalled independently of inter-eNB CoMP operation as an enhancement to RNTP. 
Proposal 1: A standalone IE for eRNTP is adopted. 

In particular, for time alignment and robustness against delay jitter on X2, the start time and the validity period of the enhanced RNTP need to be specified.

Proposal 2: The timing of the eRNTP is signaled as the start time (similar to the CoMP hypothesis) and validity duration.

4 Transmit Power Threshold to specify eRNTP
eRNTP, as motivated above, is designed as an enhancement to  RNTP signaling.  RNTP specifies resource allocation for Inter-cell Interference Coordination by providing guarantees on limits of transmit power at a frequency-granularity of Physical Resource Block (PRB).  The limit on transmit power is specified by a threshold applied to the normalized Energy Per Resource Element (EPRE) of a PRB.   In particular RNTP specifies resource allocation as a bit string applied at a PRB granularity. The bit string specification for RNTP is provided in TS 36.423 Section 9.2.19 [4]. The bit string computation for RNTP is specified in TS 36.213[3].  

Analogously for eRNTP, the  resource allocation  can describe whether the transmit EPRE (normalized, see 36.213 [3]) exceeds the threshold in given PRB and subframe. 

Proposal 3: Analogous to RNTP, eRNTP resource allocation for a PRB in a subframe may be indicated as a bit specifying if the normalized Tx EPRE exceeds a threshold. For simplicity, a single threshold can be commonly applied to all PRBs and subframes in the time validity of the IE. 
Further, analogous to RNTP, the interpretation of the bit-string for eRNTP can be such that value 0 indicates "Tx power does not exceed threshold".  And Value 1 indicates "no promise on the Tx power is given”.  Setting the threshold to be –infinity would correspond to the cell not transmitting in that PRB. 
5 Conclusions
We discussed the high-level aspects for eRNTP signaling. The following are proposed:
Proposal 1: A standalone IE for eRNTP is adopted. 

Proposal 2: The timing of the eRNTP is signaled as the start time (similar to the CoMP hypothesis) and validity duration.

Proposal 3: Analogous to RNTP, eRNTP resource allocation for a PRB in a subframe may be indicated as a bit specifying if the normalized Tx EPRE exceeds a threshold. For simplicity, a single threshold can be commonly applied to all PRBs and subframes in the time validity of the IE. 
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Enhanced RNTP signaling between eNBs 


Information granularity of the Enhanced RNTP is extended to the frequency/time domain


Signaling periodicity: Event triggered (the same as the current RNTP)


Exchanged with the corresponding subframe index with common understanding of the subframe index among cells


Pattern assumed to be repeated after specified periodicity


Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB


Necessary granularity of transmit power threshold and levels: same set as the current RNTP 


Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources
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