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Discussion and decision
1
Introduction
For Rel-11 CoMP CSI-RS configurations, a working assumption was agreed in the RAN1 #67 meeting:

· Configuration of multiple non-zero CSI-RS resources includes at least:

· AntennaPortsCount, resourceConfig

· Independently configured among CSI-RS resources

· subframeConfig

· Whether common or independent among CSI-RS resources is FFS

· Configurable parameter to derive the pseudo-random sequence generator initialization (cinit)

· cinit is independently configured among CSI-RS resources
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where X is configurable in a UE-specific manner and may take on any value in the range of 0 to 503

· FFS whether Rel-10 formula can be used without a change

· FFS whether beyond 503 are supported

· FFS whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource

· Pc
· Details of signaling is FFS

· Additional parameters may be considered.
In this contribution we discuss the remaining issues related to the initialization of the sequence generation for CSI-RS. Other issues related to CSI-RS configuration are treated in a companion paper [1]. It will be proposed that the range of values of X in the sequence initialization formula be extended beyond 503, and that the formula be modified to prevent the use of same sequence initialization value between different points when the range of values of X is extended.
2
Use of values beyond 503
In R10, a set of CSI-RS ports in a subframe may be transmitted in one out of a number of possible configurations (from 5 to 20 depending on the number of antenna ports) according to the parameter resourceConfig. The set of CSI-RS ports is scrambled using a sequence initialized with a value that is dependent on the cell identity, such that two different cells use different sequences. For CoMP scenarios 1 to 3, this guarantees that two transmission points do not transmit identical sequences in the same resource elements even if they use the same CSI-RS configuration.

For CoMP scenario 4, however, all transmission points that are part of the same cells would use the same sequence if this sequence is initialized using the cell identity. This means that a collision could occur between the CSI-RS transmitted from two points if they use the same resource configuration in the same subframe.While it could be possible to mitigate this issue by configuring different subframe and/or resource configurations between points, this could become restrictive in deployments with higher densities of low power nodes if small periods for subframe configurations and/or larger number of antenna ports per points are required. Therefore, it seems more future-proof to allow the use of values beyond 503 for the identity parameter used in the initialization value.
Proposal 1:  Allow the range of values of X to be greater than 503 in the sequence initialization.
For example, each cell may be assigned 7 different values of X.  This would lead to a need for 7x504=3528 values of X (i.e. 0 to 3527).

An issue may arise given that the c​init formula was designed such that X would be at most 503 and therefore the 2X term requires 10 bits.  On the other hand, increasing the range of X to 3527 requires 13 bits.  Therefore there can be an overlap leading to two combinations of parameters (X and OFDM symbol) resulting in the same cinit.  As X grows the number of cinit duplications increases.  The first three cases leading to duplications are:

X = 2389, ns = 1 and l = 2 duplicates X = 2901, ns = 0 and l = 6

X = 2389, ns = 1 and l = 5 duplicates X = 3413, ns = 0 and l = 6

X = 2901, ns = 1 and l = 5 duplicates X = 3413, ns = 1 and l = 2.

One way to ensure there is no duplication could be for the network to exhaustively list all the duplicative cases and remove them from the list of possible X values to use.  One could also ignore these cases and rely on the fact that the problem would not occur so frequently in practice. Nevertheless, a more elegant fix is to increase the register shift of the first term in the cinit equation to allow for greater values of X.  In the example where each cell gets 7 values of X that do not collide with other cells, we may use the following
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where n = 13.

Observation: Increasing the range of possible X beyond 503 may lead to duplication of cinit for some combinations of X values and OFDM symbols.
Proposal 2: For X beyond 503, modify formula such that exponent n is larger than 7 in 
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3
Conclusion

In this paper we discussed the remaining issues related to the initialization of the sequence generation for CSI-RS in R11.  Our views and proposals are summarized as follows:
Proposal 1:  Allow the range of values of X to be greater than 503 in the sequence initialization.
Proposal 2: For X beyond 503, modify formula such that exponent n is larger than 7 in 
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