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1 Introduction

In the RAN3 meeting in Dresden was agreed ‎[1] to look further into the possibility of reducing the signalling overhead for the CoMP Hypothesis, by using (min. PRB / max. PRB), instead of a string always covering all the possible PRBs, the frequency domain resolution being 1PRB within each subframe.
We have also observed that the overhead is increased in both variants of the CoMP Hypothesis in ‎[2] by including all the subframes in sequential order.

And finally, we would like to consider for subframes a repetitive pattern, something which was will further reduce the signalling overhead for indicating the PRB and subframe resources relevant for the CoMP Hypothesis.
Discussion

Current approach
Based on the existing approaches for defining the CoMP Hypothesis in ‎[2] can be calculated the signalling overhead for sending the CoMP Hypothesis to neighbour eNBs, under the following typical assumptions of the eNB backhaul utilization in uplink direction:

· 40 subframes, because the video streaming may use 40ms frames (25 video frames/s);

· There are max. 32 cells in an hypothesis, each cell may have up to 110PRBs
· The CoMP Hypothesis is sent to at least 3 other most interfering eNBs;
· The CoMP Hypothesis may be refreshed at least every 10ms, i.e. 100 times/sec.

Based on the above assumptions, the messages sent by an eNB will create a net data rate (not including overheads): 
Rate_1 = 40subframes * 32cells * 110PRBs * 3eNBs * 100updates = 42.24Mb/s.

Observation 1: Based on the current assumptions, the signalling data rate of >40Mb/s can work only on Fiber.

If we limit the number of updates at 10/sec, it results a net signalling data rate of:
Rate_2 = 40subframes * 32cells * 110PRBs * 3eNBs * 10updates = 4.2Mb/s.

The capacity of the UL ADSL link is 200kb/s…1Mb/s, such that the support on LTE CoMP is not possible.

The capacity of UL VDSL links is typically 0.5Mb/s…3Mb/s. Even in VDSL case the support of the existing CoMP Hypothesis is not possible.
Observation 2: The uplink backhaul capacity required by the existing CoMP Hypothesis semantics is above the capabilities of ADSL and VDSL UL throughput. 

Another topic of concern, in case that the Hypothesis is relevant at receiver, is sending back the same hypothesis to confirm the requested operation. Such an operation will not be possible in case of ADSL/VDSL backhauls.

Observation 3: Sending back the CoMP Hypothesis instead of a simple YES/NO confirmation is not going to work on ADSL/VDSL backhauls!

Proposed approach
CQI (Channel Quality Indicator), the most important component of CSI, is measured based on subbands; the following quote from TS 36.213 ‎[4] demonstrate this statement:

“The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth.  A subband is a set of k contiguous PRBs where k is a function of system bandwidth.”  

In practice the frequency resources and the MCS (Modulation and Coding Scheme) are allocated such to match the data rates AND the CQI, conducting to contiguous PRB allocations in and around subbands.
Observation 4: PRBs are used in practice in a contiguous mode.

So the protected resources will tend to follow a subframe pattern which may repeat and one or more contiguous PRB allocations in a subframe.

Figure 1 illustrates this approach in a practical cell:
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Figure 1  Subframe pattern creation and PRB allocation

Based on this principle the CoMP Hypothesis for 40 subframes can be written as:

· 40bit repetitive pattern, where 1 represents the subframes containing protected resources;
· Start PRB, End PRB for the protected PRB group per protected subframe (16bits) and frequency channel.

Considering that typically no more than 30% of subframes will have protected resources, the signalling throughput for the same case as above is:

Rate_2_New = 40subframes * 0.3 * 32cells * 16bits * 3eNBs * 10updates = 0.18Mb/s.

So the proposed method reduces the signalling overhead by:

Rate_2 / Rate_2_New = 4.2 / 0.18=23.3 times!
In the case that two PRB contiguous groups are protected in some subframes, an additional Hypothesis can be sent, where only those additional groups will be indicated.
Conclusion 1: The proposed method indicating the repetitive frame pattern and the START PRB/STOP PRBs of protected resources allows reducing by more than 23 times the signalling overhead.

Conclusion 2: The new signalling overhead is compatible with VDSL uplink throughput and may be acceptable for some ADSL links.

Semantics of CoMP Hypothesis

In conclusion, the proposed semantics of the CoMP Hypothesis is:

9.2.xy
CoMP Hypothesis Set
This IE provides a set of CoMP hypotheses. A CoMP hypothesis is hypothetical PRB-specific resource allocation information for a cell.

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

	CoMP Hypothesis Set Element
	
	1..<maxnoofCoMPCells>
	
	

	>Cell ID
	M
	
	ECGI

9.2.14
	ID of the cell for which the CoMP Hypothesis IE is applied.

	>Subframe repetitive pattern
	M
	
	BIT STRING(1.. maxnoofSubframes)
	Value “1” indicates that some PRBs in this subframe are an interference protected resource and value “0” indicates subframes with no utilization constraints.

	
	
	
	
	

	>CoMP Hypothesis PRBs
	
	1..<maxnoofCoMPRelevantSubframes
	
	A CoMP Relevant Subframe includes at least one protected PRB

	  >>Relevant PRBs
	M
	
	Start PRB, Stop PRB
	Start PRB denotes first Protected PRB and Stop PRB denotes last protected contiguous PRB


	Range bound
	Explanation

	maxnoofCoMPCells
	Maximum number of cells in a CoMP hypothesis set. Value is 32.

	maxnoofSubframes
	Maximum number of subframes. Value is 40.


Conclusions
Observation 1: The uplink backhaul capacity required by the existing CoMP Hypothesis semantics is above the capabilities of ADSL and VDSL UL throughput. 

Observation 2: Sending back the CoMP Hypothesis instead of a simple YES/NO confirmation is not going to work on ADSL/VDSL backhauls!

Observation 3: PRBs are used in practice in a contiguous mode.

Conclusion 1: The proposed method indicating the repetitive frame pattern and the START/STOP PRBs of protected resources and allows reducing by more than 23 times the signalling overhead.

Conclusion 2: The new signalling overhead is compatible with VDSL uplink throughput.
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