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1 Introduction

WID on enhanced signalling for inter-eNB CoMP was approved in RAN#64 [1]. The objective of the WI is as follows:
RAN WG3 specifies the following signaling for enhanced support of inter-eNB CoMP taking into account limitations of existing X2 interface.

· Signaling of one or more sets of CSI information (RI, CQI) of a set of UEs 

· Signaling period

· Same as CoMP hypothesis for periodic exchange 
· Mechanism to provide CSI reports upon request from an eNB should be made available.

· Per CSI process per subband per UE per cell (1 subband = 6 RBs)

· 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

This paper is intended to provide necessary information and proposals to trigger discussions regarding the WI in RAN3. 
2 Discussion
Figure 1 shows brief signaling flow based on the two WIs related to inter-eNB CoMP.
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Figure 1: Signaling flow based on the two WIs.
2.1 CSI feedback

eNB1 provides CSI feedbacks gathered from a set of UEs served by itself. With respect to a subframe for which a UE is configured to report CSI, it provides, setting aside PMI,
· One wideband CQI and multiple subband differential CQIs; and
· (Optional) A single wideband RI
for each of the CSI processes configured to the UE. The maximum numbers of subband differential CQIs corresponding to a subframe and CSI processes that can be configured to a UE are fourteen and four, respectively.

Each CSI process is based on the specific channel environment, i.e. CSI-RS and CSI-IM configurations, thus when eNB1 provides eNB2 with wideband/subband differential CQIs possibly with a wideband RI for a UE’s certain CSI process, it also needs to transmit the information regarding the channel environment on which the CQIs and RI are measured.
Assuming that enough information is configured between eNBs, delivery of a simple CSI process index, instead of providing tedious channel environment information, would suffice this purpose. For example, for each of the cells in other eNBs, mapping between a CSI process index and a combination of CSI-RS/IM configurations can be configured in eNB2. In addition, for each of the IM resources identified by CSI-IM configuration, blanking information among cells can be configured in eNB2. Figure 2 depicts such configurations stored in eNB2.
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Figure 2: Possible configurations in eNB2.
We believe that the RESOURCE STATUS UPDATE message is the most proper one to deliver CSI feedbacks taking into account the current progress in the other WI: Inter-eNB CoMP for LTE. There should be a new IE, e.g. CSI Feedback IE in the message and the IE may appear as follows:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CSI Information UE-Specific
	
	1 .. <maxUECSIReport>
	
	

	>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	ID of the UE served by the cell in eNB2.

Defined in TS 36.331 [9].

	>CSI Information Subband-Specific
	
	1 .. <maxSubband>
	
	In case of higher Layer-configured subband feedback, the items in the CSI Information Subband-Specific  IE appear in the order of subband in a subframe.

In case of wideband feedback, only one item appears in the CSI Information Subband-Specific  IE.

	>>Subband Index
	O
	
	INTEGER (0..27, ...)
	Included in case of UE selected subband CQI reporting.

	>>CSI Information CSI Process-Specific 
	
	1 .. <maxCSIProcess>
	
	

	>>>CSI Process Index
	M
	
	INTEGER (0..31, ...)
	

	>>>Subband Differntial CQI
	M
	
	BIT STRING (SIZE(2))
	Defined in TS 36.213 [11].

	>>>Wideband CQI
	O
	
	BIT STRING (SIZE(4))
	Defined in TS 36.213 [11].

Included in the first item of the CSI Information Subband-Specific  IE.

	>>>RI
	O
	
	BIT STRING (1..3)
	Defined in TS 36.213 [11].

Included in the first item of the CSI Information Subband-Specific  IE.


For further probable impacts, a CR is prepared in [6].
2.2 Enhanced RNTP

Enhancement in the RNTP is very straightforward; time domain extension. Subframe-specific resource allocation information transmission should be made available. Since the signaling of enhanced RNTP can be as frequent as 5ms, exact SFN and subframe index indicating the time from which the enhanced RNTP is valid, should be delivered.
2.3 Limitations of existing X2 interface

Since the enhanced RNTP has similar signaling properties to CoMP hypothesis, let us focus on the CSI feedback in this subsection.
Table 1: Categorization of non-ideal backhaul.
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


Table 1 shows a categorization of non-ideal backhaul based on operator inputs [2]. According to the analysis made in [3], the data rate required for CSI feedback is around 6.5Mbps. We believe that Fiber Accesses 1-3 are good candidates for CSI feedback conveying backhaul technology in terms of throughput. With respect to the latency, Fiber Accesses 2 and 3 are able to provide similar environment where simulations in the study item phase were performed. Note that simulation results in [4] and [5] exhibit that backhaul with 10ms latency provides gains in the UPT: See Figure 3.
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Figure 3 UPT gain over intra-site CoMP scheme according to latencies
3 Conclusion
Outline of the necessary impacts for the WI: Enhanced signalling for inter-eNB CoMP has been brought. It has been shown that current X2 interface allows introduction of CSI feedback and enhanced RNTP signalling.
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