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1. Introduction
In RAN1#67 meeting, following working assumptions have been agreed on CSI-RS configurations in Rel-11 [1]:

· Configuration of multiple non-zero-power 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 initialisation (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 signalling is FFS

· Additional parameters may be considered
In this contribution, we further discuss CSI-RS sequence generation issues for Rel-11 CoMP, based on the agreed working assumptions. Discussion on CSI-RS configuration issues can be found in the companion contribution [2].
2. Discussions
In Rel-10, the pseudo-random sequence generator for CSI-RS is initialised with
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where ns is the slot number, l is the OFDM symbol number within the slot, NCP = 1 for normal CP, and NIDcell is the physical layer cell-ID of UE’s serving cell [3]. For Rel-10 CSI-RS configuration, the IE CSI-RS-Config from higher-layer signaling does not contain such NIDcell [4], meaning the CSI-RS scrambling initialisation seed is implicitly tied to a UE’s serving cell-ID.
For Rel-11 CSI-RS enhancements, the following scrambling initialisation has been agreed as working assumption,
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where Xinit is configurable in a UE-specific manner and may take on any value in the range of 0 to 503, which is effectively a “virtual cell-ID”. The benefit from extending the range of Xinit beyond 503 is unclear, and we also think the Rel-10 formula for cinit can be used without a change.
Proposal 1: The range of Xinit from 0 to 503 seems to be sufficient, and the Rel-10 formula for cinit can also be used without a change.
In CoMP scenario 4 where eNB’s cell-ID is shared among connected RRHs, a TP shared aggregated CSI-RS configuration as shown in Figure 1 is already supported in Rel-10 specification. In Figure 1, UE0, UE1, and UE2 are individually configured with 4 CSI-RS ports, 2 CSI-RS ports, and 2 CSI-RS ports, respectively, to corresponding single transmission point (TP). Based on each semi-static configuration, each UE respectively reports 4-Tx, 2-Tx, and 2-Tx codebook. And a “CoMP” UE3 configured with TP shared 4 CSI-RS ports also reports 4-Tx codebook (for which the aggregation of TPs is transparent to UE3). These operations are all natural under Rel-10 specification, since all the CSI-RS scrambling seeds are the same as eNB’s cell-ID.
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Figure 1. Illustration of Rel-10 supported operations for CoMP scenario 4.

Such TP shared aggregated CSI-RS configuration is beneficial for reducing UE’s feedback overhead in that the aggregation of TPs is transparent to a UE, and the UE just performs CSI feedback based on the configured single (aggregated) CSI-RS ports. This also provides much flexibility in CSI-RS configurations at the eNB site, with simply achieving a primitive CoMP JT scheme.
In addition, for the case when the number of UE’s receive antennas is greater than the number of per-TP transmit antennas, the TP shared CSI-RS configuration has the benefit for providing a means of supporting high rank transmission to the UE (e.g., rank 4 transmission can be possible to a UE having 4 Rx antennas, by means of a TP shared configuration with 4 CSI-RS ports, when each TP has 2 CSI-RS ports). This can bring the peak throughput improvement for a single UE without feedback codebook optimizations.

Also, such TP shared CSI-RS configuration is already implementable under the agreed per-CSI-RS-resource feedback framework [1], whereas the multiple CSI-RS-resource aggregation counterpart for a feedback is not aligned with the per-CSI-RS-resource feedback agreement.
Observation 1: A kind of TP shared aggregated CSI-RS configuration is beneficial in terms of reducing UE’s feedback overhead, achieving a primitive CoMP JT scheme, enabling high rank transmissions when the number of per-TP antennas is smaller than that of UE’s antennas, and a well alignment with the per-CSI-RS-resource feedback agreement.

However, such natural operations in Figure 1 cannot be always supported in CoMP scenario 3 as shown in Figure 2, since CSI-RS scrambling seeds are all different per TP (e.g., Xinit(0) for macro eNB0, Xinit(1) for pico eNB1, and Xinit(2) for pico eNB2).
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Figure 2. Illustration of Rel-10 operations for CoMP scenario 3 (not always supported).

It is simply possible that such TP shared CSI-RS configuration can always be supported even in CoMP scenario 3, by allowing the scrambling seed value of Xinit can be independently configurable per port(s), even within a single CSI-RS configuration, as illustrated in Figure 3.
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Figure 3. Illustration of an aggregated TP-shared CSI-RS configuration with different scrambling Xinit (and Pc) per TP, in order to support Rel-10 backward compatibility.
Figure 3 shows a macro-pico heterogeneous network, where the macro-eNB0 has 4 CSI-RS ports and each pico-eNB has 2 CSI-RS ports. To enhance the system performance by CoMP, a serving eNB may configure an aggregated TP-shared 8 CSI-RS ports to a CoMP UE3 across the whole eNBs’ antenna ports, which is an additional configuration to the baseline per-point CSI-RS configuration(s). Since there also exists a Rel-10 legacy UE0 whose serving eNB0 also configures a 4 CSI-RS ports to the UE0, the scrambling seed Xinit(0) for the 4 ports on the eNB0 site is set to the physical cell-ID(PCI) of the eNB0. Similarly, UE1’s CSI-RS configuration with the 2 ports on the eNB1 site implicitly indicates Xinit(1) is equal to the eNB1 PCI. Therefore, allowing CSI-RS ports can have different scrambling seeds within a CSI-RS resource could provide the full backward compatibility and much flexibility in Rel-11 CSI-RS configurations. By allowing this, such TP shared aggregated CSI-RS configuration can always be supported even in CoMP scenario 3 as shown in Figure 3.
Proposal 2: It should be supported in Rel-11 specification that CSI-RS ports can have different scrambling seeds within a CSI-RS resource.

In addition to the different scrambling within a CSI-RS resource, it is also desired to allow the ratio of PDSCH EPRE to CSI-RS EPRE (Pc) per port(s) can be different within one CSI-RS configuration, at least for considering the macro-pico case with the different cell coverage and/or different number of antenna ports, as also mentioned in the companion contribution [2]. Therefore, for guaranteeing eNB’s flexibility to accommodate different Xinit and Pc per port(s) or per transmission point, it should be supported for CSI-RS configuration to include the different indication of Xinit and/or Pc per port(s).

Proposal 3: CSI-RS configuration should include different indications of Pc as well as Xinit per port(s), to accommodate the case of one aggregated CSI-RS configuration across heterogeneous transmission points.
3. Conclusion
We discussed in this contribution the CSI-RS enhancement issues in Rel-11. The following observation and proposals were given based on the discussion:
Proposal 1: The range of Xinit from 0 to 503 seems to be sufficient, and the Rel-10 formula for cinit can also be used without a change.
Observation 1: A kind of TP shared aggregated CSI-RS configuration is beneficial in terms of reducing UE’s feedback overhead, achieving a primitive CoMP JT scheme, enabling high rank transmissions when the number of per-TP antennas is smaller than that of UE’s antennas, and a well alignment with the per-CSI-RS-resource feedback agreement.

Proposal 2: It should be supported in Rel-11 specification that CSI-RS ports can have different scrambling seeds within a CSI-RS resource.

Proposal 3: CSI-RS configuration should include different indications of Pc as well as Xinit per port(s), to accommodate the case of one aggregated CSI-RS configuration across heterogeneous transmission points.
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