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1. Introduction
In the last RAN1 meeting (RAN1 #74), it was agreed to categorize inter-eNB signaling based on backhaul delay:
Agreement:

For each evaluated scheme, information relating to a transmission to/from a serving node in a given subframe should be categorized into two groups:

· Group 1 information: information which is considered valid for a period longer than the backhaul delay, which may therefore be provided from a different node(s) from the serving node;

· Group 2 information: information which is considered valid for a period shorter than the backhaul delay, which must therefore be derived by the serving node.

The types of information may include for example:

· CSI

· Allocated power per resource (including muting)

· UE selection 

· Precoding selection (including the number of transmit layers)

· MCS selection

· HARQ process number
· TP selection
Moreover, it was also agreed to evaluate CoMP with two different backhaul delay values {5, 50} ms. Then it is possible to categorize information based on either 5 ms or 50 ms; consequently there could be two kinds of inter-eNB signalling designs: one for low latency, and another one for relatively high latency. This contribution provides some initial thinking on how to handle the potentily diverging two signallings types.
2. Discussion
In general 3GPP intends to design unified signaling which is also robust to diverse backhaul delays. One thinking is that in such case the signaling should be optimized for relatively high latency because signaling designed for high latency also works for low latency. On the other hand it might need to be clarified that the assumption behind such argument is that the backhaul delay is completely unknown to the eNB. If backhaul delay is unknown to the eNB, signalling has to be designed for the worst case, which means the high latency case.
However, in our understanding the backhaul delay is in general known to the eNB, i.e., eNB scheduling can be tailored for specific backhaul latency value, because latency is a relatively fixed part of the network. In such case, the signalling is not necessarily optimized for high latency. 
Detailed analysis on how to design unified signalling robust to different latency is shown as follows.
There are three alternatives to design inter-eNB signalling with respect to different latencies.

Alt. 1. Specify two kinds of signalling assuming low and high latencies respectively. 

In this case the specification includes two types of signalling : one designed for low latency, and another one for high latency. Signalling for low latency may include information robust for a shorter period, such as short term CSI and muting request for a short time. The signalling for higher latency may include such as long term CSI (transmit covariance) and semi-static muting request etc. The operations for low and high latency are described in figure 1.

The pros of this alternative is the eNB may optimize performance for low and high latency separately. However meanwhile it requires two types of signalling which increases spec complexity.
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Figure 1. Operation for low and high latency respectively
Alt. 2. Signalling is designed assuming low latency. 

In this case, if the networks adopt low latency, the mechanism is similar to figure 1. If the network uses relatively higher latency, the inter-eNB signalling may be still transmited same as low latency case. The long term information can be naturally derived based on multiple short term information.
The pros of this signalling is 1) from performance perspective it is robust both low and high latency and 2) it is based on a unified signalling. The cons of this signalling is for high latency NW there is some request on backhaul capacity.
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Figure 2. Operations with high and low latency, when signaling is designed assuming low latency

Alt. 3. Signalling is designed assuming high latency. 
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Figure 3. Operations with high and low latency, when signaling is designed assuming high latency

In such case, if the network is built with high latency, the operation is similar to figure 1. However, when the network is built with low latency, the operation is to exchange information rather slowly even if the backhaul is fast due to the limitations of specification. This means the ability of the network is not fully utilized and performance is not optimized. The pros of this alternative is lower signalling overhead in backhaul which is the secondary level factor in our view.
Pros and Cons of Alt. 1/2/3

The pros and cons of alt. 1/2/3 are summarized in the following table.

	
	Performance
	Backhaul signalling overhead
	Spec complexity

	Alt. 1 : two signalling types
	Optimized
	Moderate
	Higher

	Alt. 2 : assuming low latency
	Optimized
	Higher 
	Lower

	Alt. 3 : assuming high latency
	Not-optimized
	Moderate
	Lower 


Table 1. Comparison of alt. 1/2/3.

From the table it is clear that each of the three alternatives has its own pros and cons. In our view backhaul signalling overhead is less concerned therefore we would like to prioritize alt. 2 assuming RAN1 generally prefers unified spec.
3. Conclusions

In this contribution we discuss the impact of backhaul delay on inter-eNB signalling. The analysis shows that signalling designed assuming lower latency can support operation with higher latency, but not the vice versa. Therefore the initial thinking is to design inter-eNB signalling assuming low latency. It should be noted that the analysis is based on the assumption that backhaul delay is known to the eNB, which is in general true in our view but more considerations from RAN1 companies are also appreciated.
Overall the proposal is :

· RAN1 to clarify if backhaul delay is known to the eNB or not
· If backhaul delay is known to the eNB, preliminary thinking is to prioritize alt.2, which means inter-eNB signalling is optimized for low latency case, since such signalling supports both low and high latencies well
