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1. Introduction
One remaining topic that is causing much confusion in the discussion is the resource element mapping in relation to configured IMRs and ZP CSI-RSs. Another topic that has not been discussed much is how the configured NZP CSI-RSs affect the resource element mapping of the PDSCH. Herein we give our view and propose how to resolve these topics.
One misunderstanding that caused some rash agreements during RAN1 #70bis was the false assumption that an IMR must be covered by a ZP CSI-RS (i.e., that the PDSCH cannot collide with the IMR). It is our view that this strict interpretation was relaxed by agreements in RAN1 #70. This is further discussed in the companion contribution [1], where we propose the following revisions/clarifications of previous agreements:

Proposal: 

· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs

· Each IMR can be independently configured without any relation to, or constraints imposed by, other configured (or hypothetical) ZP CSI-RS configurations or configured IMRs.
2. PDSCH RE Mapping and ZP CSI-RS
In RAN1 #70bis it was agreed to introduce dynamic indication of a ZP CSI-RS by including a ZP CSI-RS configuration in each of the four resource element mapping states. Due to the above mentioned misunderstanding of previous agreements, there was some confusion on how to interpret the case where a dynamically indicated ZP CSI-RS does not cover an IMR, which lead to the following FFS point in RAN #70bis:
FFS whether:
(1)
· all configured ZP CSI-RS configurations must cover the configured IMRs for a UE, or

· if in a given subframe the configured IMR is not covered by the applicable ZP CSI-RS resource, 

· the PDSCH rate matching is performed according to one or more ZP-CSI-RS resource(s) and/or the IMR

It is difficult to envision any technical benefit in the constructions outlined in the FFS, except to desperately comply with previous misunderstandings. From the above proposal, the discussion in [1], and from the resulting unnecessary excessive overhead, it is apparent that the first option is highly undesirable. Hence, we can conclude that it should not be an error case that an IMR is not covered by an indicated ZP CSI-RS. This scenario has indeed been captured and clarified in the previous agreement in RAN1 #70
For the purpose of interference measurement on an IMR, the UE shall assume that
(2) all signals received on the REs of the IMR are interference.

Moreover, the purpose of introducing dynamic indication of the ZP CSI-RS configuration was that the muting pattern needs to be adapted to comply with that of the transmission point the transmission originates from (which may change dynamically). In particular we note that there may be resources where transmission point A should cause interference but not transmission point B. In such a scenario mixing of two corresponding ZP CSI-RS configurations may result in for example incorrect interference levels on IMRs where TP A should interfere. It is therefore undesirable and unnecessary to impose any mixing of multiple ZP CSI-RS configurations. In addition, the very reason for introducing dynamic ZP CSI-RS was to reduce the overhead, which will not be achieved if multiple ZP CSI-RS configurations are to be applied.
Observation:

· The motivation for including dynamic ZP CSI-RS configuration was to dynamically adapt the ZP CSI-RS configuration to match that of a particular TP.

From this perspective it is very natural that only a single ZP CSI-RS is used for the RE mapping of the PDSCH at any given time. Hence, with respect to the above FFS we therefore propose that previous agreements are further clarified as

Proposal:

· Only the ZP CSI-RS specified for the dynamically indicated RE mapping state is to be used for the PDSCH RE mapping
· This applies irrespective of the IMR configurations.

3. PDSCH RE Mapping and IMR

Since Rel-10 the ZP CSI-RS has been the tool used for altering the resource element mapping for boosting the SINR of NZP CSI-RSs and the IMRs have been designed so that the ZP CSI-RS can be effectively used to manage the correct muting configurations for the IMRs.
Observation:

· The ZP CSI-RS is a sufficient tool to efficiently manage the muting for effective utilization of IMRs
From this perspective it seems unnecessary to introduce a second mechanism for muting on IMRs. We further note that in many cases it is not desirable to mute the PDSCH on an IMR, even if the IMR is configured for measurement for the particular receiving UE. If interference from a transmission point is supposed to be present in an IMR, then the eNodeB should have the option to excite this interference using the actual PDSCH transmission to that particular UE. Note that Agreement (2) above, makes such a scenario perfectly well defined, and is indeed very useful, for example, in case of DPS and JT. 
One concern that has been raised is that exciting an IMR with a UE’s own PDSCH may result in pessimistic interference measurements for that UE due to the Tx power being beamed to the particular UE. However, note that such flashlight effects anyway need to be managed by the link adaptation of the network. Moreover, in many system configurations such flashlight effects become a non-issue, including in the highly relevant scenarios:

· Systems deploying single Tx antenna transmission points, where there will be no flashlight effect. 

· Systems deploying 2 Tx cross-pole antennas, since the lack of correlation will make the beam gain small.

Observation:

· In the most commonly deployed antenna configurations, enforcing the PDSCH to be mapped around all the IMRs will only result in additional overhead

· There is no relevant flashlight effect in many such deployment configurations, and an interference measurement based on a UE’s own PDSCH will be accurate.

· In deployments where there are significant flashlight effects due to substantial beam gain, appropriate PDSCH muting can be configured using ZP CSI-RS. 
Proposal:
· The PDSCH is not mapped around the configured IMRs

4. PDSCH RE Mapping and NZP CSI-RS Resources

Since the introduction of the CSI-RS in LTE Rel-10, it was understood that the PDSCH was to be mapped around the CSI-RS, the zero power as well as the non-zero power, that were transmitted from the transmission point of the PDSCH. The straight forward extension of this is that the PDSCH shall be mapped around now dynamically indicated ZP CSI-RS (as discussed above) and at least the dynamically indicated NZP CSI-RS (that was indicated for quasi co-location). 
Observation:

· In a given subframe, the PDSCH should at least be mapped around the NZP CSI-RS indicated for quasi colocation so as to align the behavior with Rel-10

Alternatively the PDSCH can be mapped around all the configured NZP CSI-RS resources,  which can be motivated by noting that the minimum ZP CSI-RS configuration (which otherwise would have to be used) corresponds to a four antenna port CSI-RS pattern, and may thereby result in a larger overhead in the common cases of 1 and 2 Tx systems. On the other hand, with such a solution, PDSCH muting would be enforced on all configured NZP CSI-RSs regardless if the PDSCH is transmitted from the same, or a different, point as that transmitting the NZP CSI-RS. However, to effectively allow for multi point measurements such muting most likely anyway has to be maintained using the ZP CSI-RS, possibly resulting in an even larger overhead, and therefore this should not be of great concern. 
Proposal:

· RAN1 should agree on one of the two alternatives

· Alt1: PDSCH is not mapped on any RE used by the NZP CSI-RS resource dynamically indicated for quasi colocation

· Alt2: PDSCH is not mapped on any RE used by any of the configured NZP CSI-RS resources

5. Conclusions
Herein we discussed the details of the PDSCH resource element mapping with respect to configured IMRs, NZP CSI-RSs, and ZP CSI-RSs. In conclusion we propose the following, which we believe is the simplest approach to promote progress, which is desperately needed to conclude Rel-11:

Proposals:

· Only the ZP CSI-RS specified for the dynamically indicated RE mapping state is to be used for the PDSCH RE mapping

· This applies irrespective of the IMR configurations.

· The PDSCH is not mapped around the configured IMRs

· PDSCH is not mapped on any RE used by any of the configured NZP CSI-RS resources

· RAN1 should agree on one of the two alternatives

· Alt1: PDSCH is not mapped on any RE used by the NZP CSI-RS resource dynamically indicated for quasi colocation

· Alt2: PDSCH is not mapped on any RE used by any of the configured NZP CSI-RS resources
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