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1. Introduction
In RAN #61, new SI on CoMP with non-ideal backhaul is approved. The objective of the new SI is [1]:

· RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. 
· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.

· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 
· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.
In this contribution, we provide our views on necessary signalling in support of CoMP with non-ideal backhaul. 
2. General Discussion

Signalling in support of CoMP with non-ideal backhaul may include two aspects: air-interface signalling (between eNB and UE) and X2 signalling (inter-eNB signalling). In our understanding air-interface signalling has been extensively discussed in Rel-11 CoMP WI, but inter-eNB signalling is much less discussed. Therefore it seems reasonable to focus more on inter-eNB signalling in this new CoMP SI. Then we propose:

· Focus on inter-eNB  signalling enhancements in support of  CoMP with non-ideal backhaul.
3. Necessity of Inter-Vendor CoMP
Rel-11 CoMP WI considers ideal backhaul. In Rel-12 the new CoMP SI would consider non-ideal backhaul. For non-ideal backhaul, inter-eNB signalling would need to be specified on X2 interface. One issue regarding inter-eNB signalling is that if  the signal is for intra-vendor CoMP or inter-vendor CoMP. In our view both intra- and inter-vendor CoMP are possible, therefore inter-eNB signalling should support both intra- and inter- vendor CoMP.
To further clarify why inter-vendor CoMP is necessary, we analyze the scenarios in eCoMP SID. Three scenarios are considered in CoMP SID, namely co-channel homogeneous deployment (CoMP scenario 1), co-channel heterogeneous deployment (small cell scenario 1), and non-co-channel heterogeneous deployment (small cell scenario 2a).

A typical deployment is that homogeneous deployment uses intra-vendor CoMP. For heterogeneous deployment (either co-channel or non-co-channel), small cells and macro eNB may be actually inter-vendor, because small cells may be deployed later than macro eNB for hotspot enhancement etc. 

For simplity we summarize the above discussion in table 1.

	
	Scen. X

co-channel homogeneous
	Scen. Y

co-channel heterogeneous
	Scen. Z

non-co-channel heterogeneous

	Intra- vs. Inter-
	Typically intra-vendor
	Possibly inter-vendor
	Possibly inter-vendor


Table 1. Possible inter-vendor CoMP deployment
Inter-vendor CoMP may require higher effort in signalling design because the signalling should ensure consistent understanding of the information at both sides. 

Overall in this section we propose :

· Inter-eNB signalling shall consider both intra-vendor and inter-vendor CoMP
· inter-vendor CoMP is especially possible in heterogeneous networks (either co-channel or non-co-channel)

· Inter-vendor CoMP may require higher effort in signalling design because the signalling should ensure consistent understanding of the information at both sides.

4. Signalling contents

4.1. CoMP with ideal backhaul
CoMP with ideal backhaul has been widely simulated in Rel-11 CoMP SI and WI. Although the inter-eNB signalling is not explicitly modelled, in general the signalling procedure could be similar to the procedure in Figure. 1, which is basically a centralized scheduling procedure.
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Figure 1. Signalling assumed in CoMP with ideal backhaul

In figure 1, eNB firstly signals the CSI of all UEs to a coordination entity (e.g., shared by 18 eNBs), then the CE sends back scheduling decision based on the CSI from multiple eNBs. Such signalling has not spec impact since it is basically exchanged in fiber based on eNB implementation.
However, we note that such signalling does not directly apply to non-ideal backhaul case. With ideal backhaul, CE can directly schedule eNBs. However this is not feasible for non-ideal backhaul especially on X2 interface. Signallings on X2 interface implies peer-to-peer signalling, in other words one side can not enforce the scheduling of the other side.
Therefore the observation is that:

· With non-ideal backhaul,in general one side does not enforce the scheduling of the other side (in contrast to ideal backhaul)
4.2. CoMP with non-ideal Backhaul
In this section we discuss how to modify the signalling in support of CoMP with non-ideal backhaul.
CoMP with non-ideal backhaul may be implemented with distributed scheduling (without new network element such as a coordination entity) or centralized scheduling (with new network element such as a coordinatio entity). In our understanding one of the purpopes of the new CoMP SI is to identify if the new network element is necessary or not. However in the following investigations we find out that from signalling perspective the distributed and centralized scheduling  may be supported by unified signallings, therefore the new network element may or may not be visible from signalling perspective.
4.2.1. Signalling in support of Distributed Scheduling

There are two kinds of signalling in support of distributed scheduling, the first is one-way signalling, and the second is two-way signalling. Figure 2 and 3 may intuitively illustrate the two types of signallings.
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Figure 2. One-way signalling
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Figure 3. Two-way Signalling

Rel 8-11 has specified certain one-way type signalling, including OI/HII/ABS pattern etc. With one-way signalling, one eNB can inform the other eNB of its CSI or scheduling decision. It would be up to the other side to decide how to handle signalling.
Two-way inter-eNB signalling has not been supported in previous releases. With two-way signalling, one eNB can inform the other eNB, e.g., if certain resource is requested to be reserved for a neighbor cell. The other side then inform the requesting eNB whether the request is fulfilled, not fulfilled, or partly fulfilled.
For intra-vendor CoMP, typically one-way signalling is sufficient. The reason is that both eNBs use consistent algorithms so the requesting eNB can roughly predict that the response from the other side. However for inter-vendor CoMP, two-way signalling seems preferred because the response from the other eNB is unpredictable, and the response would at least inform the requesting eNB of the decision on its request (then the requesting eNB can make appropriate action either in its own cell or sending more requests). 
Overall the observation in this section is:

· Two-way signalling is relatively more frriendly to inter-vendor CoMP compared with one-way signalling

· Although effort to ensure consistent understanding is still necessary
4.2.2. Signalling in support of Centralized Scheduling

As mentioned in previous sections, X2 signals are peer-to-peer signalls, which means one side can not decide the scheduling of the other side. On that sense, even if the signalling is between an eNB and a coordination entity (CE), the CE can not enforce the scheduling on the other side. The CE can make request to reserve certain resources though.

The signallnig for centralized scheduling may include three step : firstly eNB(s) sends CSI and certain scheduling decision to coordination entity, secondly CE sends request back, and finally eNB informs the CE of the decision on the request. Figure 4 illustrate the 
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Figure 4. Signalling in support of centralized scheduling with non-ideal backhaul
The signallings in support of centralized and distributed scheduling are compared in table 2.
	Distributed scheduling
	Centralized scheduling

	One-way
	CSI, scheduling decision
	CSI, scheduling decision
	Step 1

	Two-way step 1
	Request
	Request
	Step 2

	Two-way step 2
	Decision on the request
	Decision on the request
	Step 3


Table 2. Comparison of signalling in support of distributed and centralized scheduling

From table 2, it is observed :

· If both one-way and two-way signalling are supported for distributed scheduling, then centralized scheduling may be naturally supported
· Coordination entity may be invisible on spec (eNB does not distinguish if request is from another eNB or a coordination entity)
5. Conclusion
This contribution discussed inter-eNB signalling in support of CoMP with non-ideal backhaul. 

For the general directions, we propose
· Proposal 1: Focus on inter-eNB  signalling enhancements in support of  CoMP with non-ideal backhaul.
· Proposal 2: Inter-eNB signalling shall consider both intra-vendor and inter-vendor CoMP

· inter-vendor CoMP is especially possible in heterogeneous networks (either co-channel or non-co-channel)

· Inter-vendor CoMP may require higher effort in signalling design because the signalling should ensure consistent understanding of the information at both sides.

For signalling contents, we observe:

· Observation 1: With non-ideal backhaul,in general one side does not enforce the scheduling of the other side (in contrast to ideal backhaul)

· Observation 2: For distributed scheduling, two-way signalling is relatively more frriendly to inter-vendor CoMP compared with one-way signalling

· Although effort to ensure consistent understanding is still necessary
· Observation 3 : If both one-way and two-way signalling are supported for distributed scheduling, then centralized scheduling may be naturally supported
· Observation 4 : Coordination entity may be invisible on spec (eNB does not distinguish if  request is from another eNB or a coordination entity)[image: image5.png]
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