Page 1

3GPP TSG-RAN WG1 #76
R1-141445
March 31 – April 4, 2014
Shenzhen, China

Agenda item:
7.2.6
Source: 
Qualcomm Incorporated
Title: 
Parameters for backhaul signaling
Document for:
Discussion and Decision

1. Introduction

RAN3 WI [1] on Inter-eNB CoMP for LTE aims at specifying the necessary backhaul signalling to enable a class of CoMP schemes that operate under non-ideal backhaul conditions.  In the RAN#63 way-forward document [2] it was agreed to reduce the scope of the work item to X2 interface based exchange.  The components of signaling under consideration are (1) rate and granularity of ‘CoMP Hypothesis’ communication, (2) rate and granularity of CSI and RSRP exchange (3) enhancement to RNTP signalling (4) benefit metric clarification.   

In this contribution we illustrate our view on the components. We argue that at least the components of (1), (2) and (3) are necessary for enabling eCoMP. Component (4), namely the benefit metric, is useful only if common understanding of the benefit metric can be reached for inter-vendor operation and if exchange of multiple benefit metric values is enabled independently of the resource allocation request.
2. Components of Coordination Signalling
The RAN3 WID backhaul signaling for coordination can be grouped in three categories:

(i) Inputs: These are inputs needed for inter-eNB coordination to select the optimal resource allocation pattern (which cells transmit and when). In the context of CS/CB schemes, inputs can be classified into: (a) UE channel  measurement (e.g. CSI, RSRP, etc.); (b) UE and cell performance metrics.  
(ii) Outputs: The output of coordination algorithms is typically a decision about resource allocation, resource restriction and scheduling decision for one or multiple cells. This is conveyed to eNBs through signaling for resource coordination (Coordination Mechanisms).  In the way forward document [2], this is accomplished via communication of a ‘CoMP Hypothesis’ that includes the resource allocation for the recepient. 
(iii) Supporting signaling (for configuration): Additional signaling to exchange or coordinate measurement configuration and reference signals across cells. 
This classification holds independently of the architecture of the coordination algorithm – i.e. whether the algorithm follows a more centralized (Figure 1 - top) or distributed coordination approach (Figure 1 – bottom). 
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Figure 1:  Inputs and Outputs for coordination under CoMP -NIB: Centralized algorithm (top) and distributed algorithm (bottom)

2.1. Exchange of UE Channel Measurements (CSI and RSRP)

Exchange of UE-specific information over the backhaul is essential to achieve effective inter-eNB coordination for CoMP. Two distinct classes of useful UE specific information are UE Measurement Reports (RSRP measurements) and UE CSI. At low backhaul delays, UE CSI information is current and useful. On the other hand, CSI is time sensitive and may not be useful when available late, in which cases RSRP is a good alternative feedback.  

At large backhaul delays, filtering or statistical processing of the information has been considered in order to extract long term information, as well as to use the bandwidth on the backhaul more efficiently.  The filtering could be independent of the coordination algorithm and architecture and can take the form of selecting a subset of the reported UEs, to reduce backhaul signaling amount. We recommend that the mechanism on the backhaul retain the ability to exchange raw aggregated UE CSI. Further, the recipient should be able to correlate the information with the conditions under which it was obtained. For example, when exchanging the CSI information, the configuration of the CSI process may be shared as well, including restricted resource subframe type.  
UE measurement reports such as RSRP measurements are useful for multiple purposes.  They are filtered information, available for all UEs including legacy UEs and are assumed valid for longer durations than the CSI. Further, RSRP measurements are useful to identify interfering eNBs and determining appropriate CSI process configurations.  
Enabling CoMP based coordination schemes for NIB, therefore, requires exchange of both CSI and RSRP over the backhaul. 
Table 1 Exchange of UE CSI and UE measurements needed for inter-eNB coordination
	UE Specific Information
	Usefulness
/Need
	Flavor of envisioned signaling enhancement
	Remarks

	UE  CSI 
	High 
	CSI (CQI,RI,PMI) for Release 11 CSI Processes or legacy CSI,  Resource Restriction Subframe type, Aperiodic, Upon Request, Raw (unfiltered), selected UEs 
	Coordination relies on UE feedback from own and other cells

	UE RSRP measurements
	High
	All reported cells, Upon Request, Raw (unfiltered), selected UEs  
	Less dynamic exchange, useful at higher NIB delays and for legacy UEs 


Proposal 1: Inter-eNB backhaul signaling should enable exchange of UE CSI for a subset of UEs served on a cell.  The UEs CSI should be accompanied by appropriate configuration information, i.e. CSI process ID and sub-frame type information (resource restriction). 
Proposal 2: Inter-eNB backhaul signaling should enable exchange of RSRP measurement reports. 
Periodicity and Granularity:
As the use of CSI for eCoMP is similar to that of an in-cell scheduler, the exchange of CSI should include periodic as well as aperiodic mode. This enables transport of raw CSI information under multiple CSI modes – including wideband CQI and subband CQI. In absence of periodic transmission, a time of expiry should be included with the measurement to facilitate discard of stale information. 
Proposal 3: In aperiodic exchange, the CSI and RSRP exchange should be possible upon request.  A time of expiry of the information should be included in the message. 
Proposal 4:  For periodic exchange of CSI, the finest periodicity of the exchange should be 5ms. 
Proposal 5: For periodic exchange of RSRP, the finest periodicity RSRP exchange should include the finest periodicity permitted for RSRP reports, namely 120ms.  
3. Coordination Mechanisms
3.1. Resources to Coordinate

In the presence of non-ideal backhaul, the coordination schemes considered in TR 36.874 [4] are coordinated scheduling, beam-forming and semi-static point selection. The categories of resources to coordinate therefore include coordination of cell transmitted Energy per Resource Element (EPRE) in frequency and time, UE selection, spatial pre-coding matrices and rank of the transmission, MCS and HARQ. As identified by information group table ([4], Table 5.2.1), the common element in considered CoMP schemes is ‘resource allocation’, where coordination of transmit EPRE in frequency and time is largely implied. Additional coordination information, such as UE selection, pre-coding matrices and rank selection can be left to individual eNB schedulers.  

Table 2 Main candidate resources to coordinate for CoMP-NIB

	Resource to coordinate
	Usefulness/Need
	Remarks

	Coordination of Tx EPRE on specified subset of RBs AND specified subset of subframes 
	High
	Manipulation of Tx EPRE is the main component of ICIC framework

Under NIB, ability to specify subframe set for an EPRE Mask provides the highest flexibility  

	Scheduled UE Subset 
Precoding Matrix Restriction

 Rank Restriction
	Medium
	Potentially enabling better algorithms under lower NIB delays 


Two different classes of enhanced coordination mechanisms are needed together to achieve coordination for CoMP. They are (a) enhancements to proactive indicators and (b), coordination requests/reactive indicators.

3.2. Enhancements to current proactive indicators
The current backhaul mechanisms for coordination on the downlink are proactive indicators, namely, Relative Narrowband Transmit Power (RNTP) for frequency domain coordination and ABS information for time domain coordination.  Under these mechanisms eNBs promise to reduce Tx EPRE on certain PRBs, and declare certain subframes as ABS, respectively.  
Coordinated Scheduling schemes rely on dynamic and coordinated use of both time and frequency resources. A simple enhancement to current proactive signaling is recommended that enables different RNTP masks (RNTP threshold and RNTP per PRB bit-string) in different subframes.

Proposal 6: Backhaul signaling should enable ability to specify different RNTP thresholds and RNTP-per-PRB bit-strings for different and arbitrarily chosen subframes.   
RAN3 should ensure unambiguous interpretation of the subframe where a given RNTP mask is applicable.   The envisioned granularity and number of masks should cover the worst case non-ideal backhaul delays. 
Enhancements to current proactive indicators are not sufficient:  
The current proactive mechanisms for coordination can be considered as ‘advertisement signaling’ where an eNB declares its intentions. In general, an eNB has no information about its contribution to interference caused to users in other cells. Consequently, it does not have information about the benefits of proactively vacating/reducing power on certain resources at the expense of reduced performance to its served users. In contrast, coordinated scheduling decisions are based on inputs from multiple cells. Therefore, coordinated scheduling across eNBs in a cluster, requires the ability for one eNB or coordinating entity to influence resources on another eNB. This functionality is not accomplished with proactive signaling alone.

Furthermore, some of the situations requiring coordination can be inherently identified as reactive e.g. in an unplanned deployment of small cells, a UE in victim cell experiences interference from an aggressor cell (without any knowledge at the aggressor cell). In such situations, the victim cell informing/requesting the aggressor cell for interference coordination provides network-wide benefits.  

Both the use cases – (1) coordinated scheduling  across multiple cells via a coordination entity, and  (2) better resource allocation  through victim to aggressor communication can be achieved  via  implementation of ‘reactive’ signaling., where an eNB has the ability to directly influence the resource allocation (largely the Tx EPRE in time and frequency) of the other eNB.  This is accomplished via ‘CoMP Hypothesis’ based resource allocation request.
3.3. Coordination via ‘CoMP Hypothesis’
According to the WF document [2], a ‘CoMP Hypothesis’ is a hypothetical resource allocation for at least the receiving node in time/frequency domains.  How to react to a received CoMP Hypothesis signaling has been left up to the receiving eNB’s implementation, where the choices include to accept or ignore, potentially sending a feedback, e.g. “yes/no” to the sending node.   This type of signaling can enable centralized or distributed eCoMP coordination.  The optional response from the eNB can take the form of an enhanced RNTP message outlined above. 

Proposal 7: A request/response coordination mechanisms should be used for CoMP-hypothesis based resource-allocation request.  The optional response from the receiving eNB may consist of an accept-reject and an accompanying enhanced RNTP message. 
3.4. Additional Considerations
When coping with variable delays on the backhaul link, an important enhancement required to achieve stable coordination and predictable outcomes is to include an Activation Time in the signaling messages for coordination mechanisms, which indicates the sub-frame (e.g. SFN + sub-frame offset)  at which the signaled  resource allocation will apply. 
Proposal 8: Signaling messages for coordination mechanisms should include an activation time of the signaled resource allocation information. 
4. Benefit Metric consideration
The way-forward document [2] from RAN#63 recommends RAN1 to clarify the details of the benefit metric. The cell specific benefit metric for a CoMP-hypothesis is expected to represent an abstraction of the benefit seen by a cell when the corresponding CoMP-hypothesis is assumed. 
The benefit metric concept is designed to capture Cell and User performance metrics  useful for eCoMP coordination that cannot be explicitly exchanged – such as user throughputs,  scheduler metrics, QCI, cell load, user ranking. In our view a common agreement on the composition and interpretation of benefit metric is hard to accomplish.   The benefit metric should not be used in lieu of exchange of commonly agreed quantities and measurements such as CSI and RSRP. 
Proposal 9: Benefit metric should not be a substitute for quantities that can be explicitly exchanged such as RSRP and CSI.

 It has been suggested that the design of the benefit metric be left to the operator deploying the network.  If such a solution is implemented, we believe that it should be possible for one eNB to request the value of the benefit metric at another eNB for multiple options for CoMP Hypothesis, without making an a-priori choice of the applied CoMP-hypothesis.  This is necessary to allow the benefit metric to be useful for the decision making entities. 
Proposal 10: The signaling between eNBs should enable exchange of a table of benefit metrics corresponding to multiple CoMP Hypotheses. This exchange should be independent of the final choice of applied CoMP Hypothesis resource allocation request.
5. Conclusion

The following proposals are recommended to RAN1 for assisting RAN3 in defining the signaling for inter-eNB CoMP.  
Measurement exchange:

Proposal 1: Inter-eNB backhaul signaling should enable exchange of UE CSI for a subset of UEs served on a cell.  The UEs CSI should be accompanied by appropriate configuration information, i.e. CSI process ID and sub-frame type information (resource restriction). 

Proposal 2: Inter-eNB backhaul signaling should enable exchange of RSRP measurement reports. 

Proposal 3: In aperiodic exchange, the CSI and RSRP exchange should be possible upon request. A time of expiry of the information should be included in the message. 
Proposal 4:  For periodic exchange of CSI, the finest periodicity of the exchange should be 5ms. 

Proposal 5: For periodic exchange of RSRP, the finest periodicity RSRP exchange should include the finest periodicity permitted for RSRP reports, namely 120ms.  

Enhanced RNTP:
Proposal 6: Backhaul signaling should enable ability to specify different RNTP thresholds and RNTP-per-PRB bit-strings for different and arbitrarily chosen subframes.   

CoMP Hypothesis based coordination signaling:
Proposal 7: A request/response coordination mechanisms should be used for CoMP-hypothesis based resource-allocation request.  The optional response from the receiving eNB may consist of an accept-reject and an accompanying enhanced RNTP message.
Proposal 8: Signaling messages for coordination mechanisms should include an activation time of the signaled resource allocation information. 

Benefit Metric:
Proposal 9: Benefit metric should not be a substitute for quantities that can be explicitly exchanged such as RSRP and CSI.

Proposal 10: The signaling between eNBs should enable exchange of a table of benefit metrics corresponding to multiple CoMP Hypotheses.   
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