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1
Introduction

In RAN1#66bis and RAN1#67 interference management for CoMP was discussed [1], [2]. It was agreed that Rel-10 specifications for interference measurement are not suitable for Rel-11, and measurements will need to be made based on REs other than those containing CRS [3]. Further, it was agreed at RAN1#67 that RAN1 will provide in the specifications the possibility of using UE-specific configurations of REs for interference measurements [2].

In this contribution, we discuss the coordination of CSI-RS patterns and zero-power CSI-RS patterns across a cooperating group of cells (or more generally transmission points) in order to permit CSI measurements based on the assumption that interference arises only or mainly from cells outside the cooperating group. We term such interference ‘out-of-group interference’ (OGI). The cooperating group may be cells under the control of one, or more than one, eNodeB.
2
Discussion
An example scenario is shown in Figure 1. Here, each of the three groups is a set of cells cooperating only amongst themselves. We assume that CoMP operation will typically achieve co-ordination of PDSCH transmissions within the cooperating group, such that the dominant source of interference for reception of any given PDSCH is from cells outside the group (i.e. out-of-group interference or OGI).  Therefore each UE served by one cooperating group may receive OGI from both of the other groups (and also others not shown), since there is no mechanism to coordinate their power or resource allocations. We further assume for this discussion that no load information is exchanged between separate groups. In such scenarios it is of interest to specify means to support measurements of both (i) the OGI and (ii) the in-group channels at UEs. This is necessary so that feedback for CQI/RI/PMI is sufficiently accurate to make use of the performance improvements CoMP potentially offers.
In this Tdoc, we propose for consideration three principal means to achieve this aim:

· Providing specific REs in which UEs can be configured to assume that they will measure only noise and OGI, with no interference from within the cooperating group. UEs could use this to provide some indication of their OGI environment to the network, or for other purposes.
· Providing specific REs in which UEs can be configured to assume that measurements of CSI-RS from a given cell will be disturbed only by the presence of OGI and noise, with no interference from within the cooperating group. UEs could use this to improve their estimation of CQI/RI/PMI, or for other purposes.
· Providing both the above types of RE to allow closely-related measurements of OGI and CSI-RS without in-group interference.
In all three cases, higher layer signaling may be necessary to suitably configure the UE such that it interprets the interference environment correctly in the relevant REs. Apart from these specifically-provided REs, it is further possible that conventional CSI-RS patterns may be configured which do not have the benefit of interference coordination. UEs may be additionally configured to make the usual assumptions about these REs.
[image: image1.png]CoMP Group 1
D0

CoMP Group 2

Out of Group
Interference

LA
B0
A





Figure 1: Three independent CoMP groups with mutual out-of-group interference (OGI).
2.1
Coordinated zero-power CSI-RS patterns

In Rel-10, zero-power CSI-RS patterns were made available principally to provide a generic backwards compatible mechanism to allow measurements of the CSI-RS transmissions of neighbor cells. However, this basic idea can be extended to measure OGI in a CoMP scenario. In this case, the cooperating cells all configure the same zero-power CSI-RS pattern, which is also signaled to the UEs served by the group as a zero power CSI-RS pattern. Every PDSCH transmission will then be rate-matched around these muted REs, and a UE can assume that only noise and OGI are present in them. In the case of more than one cooperating eNodeB, X2 interface exchange of the common zero-power CSI-RS patterns would be needed. In any case, there would need to be additional higher-layer signaling indicating to the UE to make interference measurements in the relevant REs, and use these to calculate CQI, or otherwise the UE could default to existing behavior for CSI measurements.
Proposal 1: Study the use of coordinated zero-power CSI-RS patterns to allow measurements of OGI. 
One point to be considered is whether enough muted REs can be provided to allow a sufficiently reliable interference estimate. Another point would be the tradeoff between this requirement and the PDSCH throughput of the cell, after taking into account the rate loss for additional zero power REs versus improved estimates of interference for CQI/RI/PMI feedback. A similar assessment would apply to the scheme discussed in Section 2.3.
2.1.1
Impact on legacy UEs
In this scheme, a Rel-10 UE would be aware of all the zero power patterns and, although it would not recognize the signaling that it should make interference measurements in any of those REs, would incur no penalty beyond the rate matching discussed above. Earlier Release UEs would  face the puncturing of PDSCH.
2.2
Coordinated CSI-RS and zero-power CSI-RS patterns

It could be useful to measure radio channels using in-group CSI-RS from each cooperating cell while ensuring that each CSI-RS RE is subject only to OGI, which would typically be at a lower level than the interference from in-group cells.
To enable this, the group-wide coordinated zero-power CSI-RS patterns discussed above could be used. This concept is modified so that each cooperating cell then configures its normal (non-zero-power) CSI-RS pattern(s) to fall within the zero-power pattern(s) configured by the other cells, so that it is the only cell transmitting in those REs. This would typically require coordination among cells such that each cooperating cell configures one or more zero-power CSI-RS patterns, each corresponding to a non-zero CSI-RS pattern in another cell.
Proposal 2: Study the use of coordinated CSI-RS and zero-power CSI-RS patterns to allow measurements of CSI-RS subject only to OGI.
2.2.1
Overhead estimation

To estimate the physical layer overhead of ‘Proposal 2’, we assume a 5 ms CSI periodicity, 3 cells, 4 antenna ports per cell, and 10 MHz operation. We assume that each cell chooses exactly one non-zero power four-port CSI-RS pattern, that they are each in different configurations from Table 6.10.5.2-1 of TS 36.211 and ICSI-RS = 1 for all cells. We further assume that CRS and DM-RS are both present on four antenna ports, and that PDCCH etc. occupy 3 OFDM symbols in each subframe.

Each cell transmits CSI-RS in 4 REs per PRB pair. Therefore, in each subframe containing CSI-RS, each cell will additionally mute 8 REs, losing a total of 12 REs according to to Proposal 2. In the case of 4 and 8 CSI-RS ports, there will be no excess muting, but if 1 or 2 CSI-RS ports are used, half the muted REs will be unnecessary.

Taking as a reference level the case where no CSI-RS are in use at all (zero or non-zero power) but other physical-layer overhead is present
, the total proportion of PDSCH REs lost in a radio frame due to CSI-RS configured to support Proposal 2, in this scenario, is 2.6%.

2.2.2
Excess muting of REs

Zero-power CSI-RS patterns are currently defined only on 4 CSI-RS ports. Figure 2 shows the zero-power CSI-RS patterns as specified in TS 36.21 for Release 10 – these are the CSI-RS patterns on four ports. With sufficiently many bits of the ZeroPowerCSI-RS bitmap (from higher layers) set to ‘1’, these REs can all be muted. By configuring sufficiently many of the 4-port zero-power patterns, any 8-port pattern can also be fully muted. However, if only 1 or 2 CSI-RS ports are in use, the zero-power patterns as currently defined will mute too many REs. An example of this is shown in Figure 3, where the 1- or 2-port CSI-RS configurations ‘10’, ‘18’ and ‘19’ are in use by three coordinating cells. The best match available from the 4-port zero-power patterns (configurations ‘0’, ‘4’ and ‘9’ together) mutes twice as many REs as necessary.
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Figure 2: Sum of all zero-power CSI-RS patterns defined in Rel-10.
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Figure 3: Total muting with the Release 10 zero power CSI-RS patterns required to match 1 or 2 CSI-RS port patterns 10 and 18 and 19.
Therefore, the modification of zero-power CSI-RS patterns to be the 1- and 2-port CSI-RS configurations 10-19 and 26-31 (for normal cyclic prefix); and 8-15 and 22-27 (for extended cyclic prefix) would be useful to minimize overhead. Instead of requiring 16 bits in the ZeroPowerCSI-RS bitmap, this would require 32 bits to cover all configurations. 
Proposal 3: Modify the specification of zero-power CSI-RS patterns to be the 1 and 2 port patterns, and extend the corresponding bit map to 32 bits in the RRC signaling.
2.2.2.1
Estimation of capacity improvement
To estimate the physical layer capacity improvement arising from overhead reduction using ‘Proposal 3’ and ‘Proposal 4’, we assume a 5 ms CSI periodicity, 3 cells, 2 CSI-RS ports per cell, and 10 MHz operation. We assume that each cell chooses exactly one non-zero power 2-port CSI-RS pattern: configurations 10, 18 and 19 from Table 6.10.5.2-1 of TS 36.211 and ICSI-RS = 1 for all cells. We further assume that CRS and DM-RS are both present on two antenna ports, and that PDCCH etc. occupy 3 OFDM symbols in each subframe.

As identified above, the best 4-port zero-power CSI-RS pattern match is configurations 0, 4 and 9. Take as a reference level the case where CSI-RS and zero-power CSI-RS are configured on this basis and other usual physical layer overhead is present
. Then the capacity improvement arising from the reduction in lost PDSCH REs in a radio frame by enabling the use of  the same 2-port patterns for both zero-power and non-zero-power configurations is 1.9%.

2.2.3
Support for combined interference and CSI measurements

A natural combination of the above proposals is to configure a UE with two sets of possibly related REs for interference measurements:

(a) Coordinated zero-power CSI-RS patterns in which the UE can assume that measurements will contain only OGI and noise; and also

(b) CSI-RS patterns from each cell coordinated with zero-power CSI-RS patterns from the other cells so that the UE can assume that CSI measurements can be made with only the low level of OGI and no interference from within the coordinating group.

Proposal 4: Study the provision of two distinct sets of REs, one of which is a group-wide zero-power CSI-RS pattern suitable for measuring OGI with no interference from within the CoMP group; and the other of which is coordinated group-wide zero-power CSI-RS patterns onto which each cell aligns its non-zero-power CSI-RS transmissions.

If we assume the same overhead calculation scenario as in Section 2.2.1, but with the addition of one more group-wide zero-power CSI-RS pattern (following Rel-10 specifications on four ports), the corresponding loss in capacity, is about 0.9% of the available PDSCH REs.
2.2.4
Implicit zero-power CSI-RS patterns via multiple non-zero power patterns

Another way of achieving this coordination of CSI-RS is for the coordinating cells to provide each serving cell in the group with the zero-power CSI-RS patterns they intend to use. A serving cell can then configure a UE with multiple non-zero power CSI-RS patterns, one of which is for the serving call and the other patterns being for the other cells in the group. This implies (by assumption) that the other coordinating cells will transmit zero power in those REs, except for the REs in which they transmit their own non-zero power CSI-RS. The Release 11 UEs need receive no zero-power pattern signaling to implement this scheme. From the UE’s perspective, it appears that all the CSI-RS patterns come from one cell, although the zero-power patterns actually originate from other cells. However, a Release 10 UE would need to be configured with a non-zero power CSI-RS pattern (corresponding to CSI-RS from its serving cell) and multiple zero-power CSI-RS patterns (corresponding to the CSI-RS from the other cells). 
An equivalent outcome could be achieved by allowing the multiple coordinating cells to each configure the UE with suitable non-zero-power CSI-RS patterns.

2.2.5
Subframe division of CSI-RS

A variation of the above scheme is for each cell to transmit its non-zero power CSI-RS in different subframes, and to configure zero-power patterns to align with the subframe configuration of each of the other cooperating cells.
2.2.6
Impact on legacy UEs

Rel-8/9 UEs will experience the various proposals in this section as puncturing of PDSCH, as with the current CSI-RS specifications.
For Rel-10 UEs, the new 1 and 2 port CSI-RS zero-power patterns would not be directly backwards compatible. Their impact will be that, for 1 or 2 CSI-RS ports, fewer REs than the UE expects will be muted. This will not be harmful to CSI measurements, since the UE will interpret the configuration to mean that measurements should not be made in those REs. For PDSCH, the now un-muted REs will contain part of PDSCH which they would not at present. Some degradation to PDSCH performance would therefore be expected. However, it would mean only that parts are missing, rather than implying any corruption of PDSCH in general. Therefore, the usual HARQ procedures should be able to recover the missing data, in the same way as for Rel 8/9 UEs
2.2.7
Coordinated ABS and CSI-RS patterns

An alternative means of supporting channel measurements based on OGI is to configure a cooperating group-wide ABS pattern, and then to choose CSI-RS patterns which fall into these subframes. Since the CSI-RS can be arranged such that no other transmissions from within the group will be present in the REs containing CSI-RS, this allows the UEs to make measurements of CSI-RS which are interfered only by OGI. There would typically be additional REs with only OGI present, which would allow improved estimation of OGI levels.
2.3
Coordinated fully-muted PDSCH subframes
Rel-10 already provides ABS primarily for the purpose of allowing UEs to make suitable assumptions in measuring picocell CSI in the presence of a macro overlay. However, it does not mandate actually reducing PDSCH power to zero, or even that the UE should assume zero PDSCH power, and therefore defining a new type of subframe in which a cell does not transmit PDSCH would aid interference measurements for CoMP. To make these useful in a CoMP scenario, they would also be coordinated across the cells in a cooperating group. The patterns chosen for this could the same as ABS patterns, or a new pattern could be defined in a manner analogous to Rel-10 ABS. An eNodeB could choose to use the same pattern for fully-muted PDSCH subframes as for ABS, or it could fully mute separate subframes.
This alters the usual possible behavior of ABS where, for example, an eNodeB may configure a cell-edge UE to assume a subframe is almost blank, but actually transmit at low power to cell-center UEs. In this actually muted type of subframe, there would be a potentially greater reduction in cell throughput, but this can be traded-off against improved measurements of interference leading potentially to CQI/RI/PMI feedback being better-matched to the prevailing conditions. Thus it is distinguished from the Rel-10 design of ABS by being more flexible and more targeted for CoMP measurements in the presence of OGI. Higher-layer signaling to instruct compliant UEs to make OGI measurements in these subframes would be needed, to override the default measurement behavior in an ABS.

2.3.1
Impact on legacy UEs

The impact on legacy UEs would be as for Rel-10 ABS: since the essential acquisition signals would still be available, Rel-8/9 UEs would still be able to access and measure the cell, and Rel-10 UEs can be configured to treat such a subframe as if it is an ABS.
Proposal 5: Study the use of coordinated fully-muted PDSCH subframes and their impact on system performance.
3. 
Conclusions

We assume that CoMP operation will typically achieve co-ordination of PDSCH transmissions within the cooperating group, such that the dominant source of interference for reception of any given PDSCH is only from cells outside the group (i.e. out-of-group interference or OGI). On this basis, we have considered how to extend the use of zero-power CSI-RS patterns, and other related resource muting options, to provide suitable conditions for a UE to make CSI measurements based on OGI in a CoMP scenario. This can be achieved using three approaches:-

· Providing specific REs in which UEs can be configured to assume that they will measure only noise and OGI, with no interference from within the cooperating group. UEs could use this to provide some indication of their OGI environment to the network, or for other purposes.
· Providing specific REs in which UEs can be configured to assume that measurements of CSI-RS from a given cell will be disturbed only by the presence of OGI and noise, with no interference from within the cooperating group. UEs could use this to improve their estimation of CQI/RI/PMI, or for other purposes.
· Providing both the above types of RE to allow closely-related measurements of OGI and CSI-RS without in-group interference.

Therefore we recommend:
1. Study the use of coordinated zero-power CSI-RS patterns to allow OGI measurements.

2. Study the use of two distinct sets of REs, one of which is a group-wide zero-power CSI-RS pattern suitable for measuring OGI with no interference from within the CoMP group; and the other of which is a set of coordinated group-wide zero-power CSI-RS patterns within which each cell aligns its non-zero-power CSI-RS transmissions.
3. Modify the specification of zero-power CSI-RS patterns to be the 1 and 2 port patterns, and extend the corresponding bit map to 32 bits in the RRC signaling.
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