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1
Introduction
In this contribution we discuss remaining CSI configuration aspects.  This includes the possibility of configuring the parameter Pc per CSI process (instead of per NZP CSI-RS resource) and a pseudo-random IMR assignment procedure that is in line with a past proposal on this topic [2].  
2
Independent configuration of Pc per CSI process
At RAN1#70 a WF [1] was discussed which proposed that the configuration of Pc be performed per CSI process rather than per NZP CSI-RS-resource.  The motivation for this change is to enable the network to perform a long term offset on signal/interference assumptions.  This could be employed for example to bias the UE’s rank selection [3].  

While it is true that the parameter Pc only applies to the actual computation of a CSI process rather than to signal/interference measurement, an earlier agreement stated that configuration of Pc should be performed on per-CSI-RS-resource basis.  In fact, such signaling allows the same flexibility as configuring Pc per CSI process as long as there are no more than 3 CSI processes.  To see this, consider the case where two CSI processes have a common NZP-CSI-RS resource but ought to be configured with different values of Pc.  Clearly, this is possible if Pc is configured per CSI process; however, it is also possible if Pc is configured per CSI-RS resource as the UE could be a signaled a “virtual” CSI-RS resource that points to the same physical CSI-RS transmission but has a different configured Pc parameter. 
The above signaling construct is somewhat unnatural and we are therefore open to instead have an independent configuration of Pc per CSI process.  
3
Randomization procedure for IMR allocation

3.1
Background and motivation
The concept of an interference measurement resource (IMR) was introduced in Rel-11 to provide for dedicated resource elements on which the UE can be configured to measure interference.  At RAN1#70 it was agreed that an IMR would consist of 4REs which, by default, consist of the 4REs of a ZP CSI-RS resource. 

Although a reuse factor of 10 is achievable with ZP CSI-RS resources in a single subframe, a judicious assignment of IMRs based on careful network planning seems important.  To alleviate this effort, an alternative assignment approach was discussed in which the 4REs of an IMR are distributed in a pseudo-random way over multiple ZP CSI-RS resources.  The reuse factor can thus be increased dramatically while constraining the worst-case overlap between pseudo-randomly assigned IMRs.  The objective is to avoid the need for cell planning. 

3.2 
Assignment procedure
A specific way of performing this pseudo-random assignment was presented in [2].  The proposal stated that the 4REs of an IMR would be distributed over 2 ZP-CSI-RS resources and that the RE assignment within those ZP CSI-RS resources would be pseudo-random. 

As a co-sourcing company of the above WF we continue to support this proposal.  Moreover, we provide more details on how the assignment procedure could be performed.  For example, we propose that some form of cell ID be introduced to serve as a seed for this pseudo-random assignment.  Further, we provide an example of how the assignment within the selected two ZP-CSI-RS resource could be performed such that a worst-case overlap of 2REs is satisfied. 
In particular, we propose the following two-step procedure: 
· Step 1: Pick 2 out of 10 ZP-CSI-RS resources as proposed in [2].  This gives a total of 45 different combinations (10 choose 2). 
· Step 2: Pick 4REs out of the 8REs defined by the selected 2 ZP CSI-RS resources.  The selection is performed by picking one of the 12 patterns shown in Figure 1. 
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Figure 1: Available Step 2 patterns for pseudo-random IMR assignment. 
The patterns are constructed in a way that ensures that no more than 2REs overlap between any two patterns.  Indeed, it is easy to see that the 12 patterns in Figure 1 satisfy this property.  As to the construction of the patterns, the following approach was used.  Starting from the 6 (namely 4 choose 2) possible ways of allocating 2REs to a single ZP CSI-RS resource (say, the left group within each pattern) we construct the odd numbered patterns by duplicating the pattern and the even numbered patterns by grouping the left pattern with its inverted pattern.  This yields a total of 12 patterns which exhausts all possible ways of allocating REs such that no more than 2REs overlap. 
The reuse factor achievable by this assignment approach totals 540 (=45x12) patterns which exceeds the total number of cell IDs, a design constraint mentioned in [2].  Therefore, it seems natural to perform the pseudo-random assignment of the resources based on some form of “IMR cell ID,” either by introducing such a parameter explicitly or by tying it to some existing (virtual) cell ID (e.g., the virtual cell ID associated with one of the NZP CSI-RS resources).  Assuming a given cell ID x (with range 0 ≤ x ≤ 503), the RE allocation is given as follows: 

· Step 1: The selection of the 2 out of 10 resources is given by enumerating all 45 combinations and selecting the one with floor(x/12). 
· Step 2: The index of the pattern selected as part of Step 2 is given by mod(x,12). 

3.3
Worst case overlap
It is easy to see that the assignment process satisfies the constraint of no more than 2RE overlap between any two IMRs with different cell ID.  To see this, we use the following argument: 

· If the 2 out of 10 patterns selected in Step 1 are not identical, then regardless of the Step 2 pattern, there cannot be more than 2RE overlap as each of the Step 2 patterns occupies at most 2REs in each of the 2 ZP CSI-RS resources. 

· If the 2 out of 10 patterns selected in Step 1 are identical, then since any pair of the 2 Step 2 patterns has at most 2 REs overlap, the design constraint is satisfied, too. 

Proposal: 

· Adopt the pseudo-random IMR assignment procedure to avoid cell planning by tying the IMR allocation to some form of (virtual) cell ID.
· Selection of the IMR REs is performed according to the two-step procedure outlined above which ensures a worst-case overlap of 2REs. 

4 
Conclusions
In conclusion, we have made the following proposals: 

· Adopt the pseudo-random IMR assignment procedure to avoid cell planning by tying the IMR allocation to some form of (virtual) cell ID.
· Selection of the IMR REs is performed according to the two-step procedure outlined above which ensures a worst-case overlap of 2REs. 
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