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1
Introduction
In RAN1#70, the details of signaling of CRS positions were further discussed and the two proposals in documents [1]

 REF _Ref334604147 \r \h 
[2] were left for discussion in RAN1#70bis. Furthermore, it was agreed that quasi-colocation information between a CSI-RS resource and the UE-specific RS used for PDSCH demodulation would be signalled to the UE using DCI:
Agreement:
The second UE behaviour supported by a Rel-11 is the following:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4

In this contribution we discuss the final details of CRS rate matching and quasi-colocation signaling.
2
Discussion
It seems generally acknowledged that both the CRS rate matching information and the CSI-RS to DMRS quasi-colocation association would be provided to the UE using the same DCI signaling states. This is a natural approach since both relate to actual transmissions from one physical transmission point. During RAN1#70, it was also discussed whether the DCI signaling should also contain information about zero-power CSI-RS around which the PDSCH should be rate matched. For instance, a transmission point may be transmitting TP –specific CSI-IM resources reflecting interference only outside that particular TP. In such case it may be beneficial to indicate what kind of rate matching in terms of ZP CSI-RS resources should be assumed when the transmission is coming from that TP. This information is also relating to actual transmissions from a physical transmission point and could in principle be provided to the UE using the same signaling states; hence we would be open to including such ZP CSI-RS configuration information into the signaling.
Hence we can conclude that the same DCI signaling would convey to the UE at least information about CRS rate matching, CSI-RS-to-DMRS quasi-colocation and possibly ZP CSI-RS rate matching. It seems also generally agreed that a combination of RRC and DCI signaling is used to convey this information to the UE while the main disagreement is related to the exact signaling details. Our view is that each NZP CSI-RS resource configured to the UE is semi-statically associated with a set of CRS parameters and possibly ZP CSI-RS configuration, and DCI indicates which of the configured NZP CSI-RS resources should be taken as the reference for PDSCH rate matching and detection (in terms of quasi-colocation assumptions) in a given subframe.
It is noted that also for CSI reference resource purposes, it would be worthwhile associating each configured non-zero-power CSI-RS resource with a set of CRS parameters [3]. With current definitions, UE is not aware of which CRS overhead should be assumed when computing the CQI for a specific CSI process. If a linkage is signalled between each NZP CSI-RS resource and a set of CRS parameters, not only would the DCI signaling of all needed parameters get simplified but it would also be clear which CRS overhead assumption needs to be taken in CQI feedback since each CSI process will be associated with exactly one NZP CSI-RS resource.

Proposal: UE is configured via higher layers with the following information:
· A set of CRS parameters for each cell from which PDSCH transmission may occur:

· CRS frequency shift

· Number of CRS ports

· MBSFN subframe configuration

· Association of each configured non-zero-power CSI-RS resource to one of the sets of CRS parameters.
· Additionally, association of each configured non-zero-power CSI-RS resource with one or more zero-power CSI-RS resources can be considered.
The proposed higher-layer signaling is illustrated in Table 1.

Table 1. Illustration of the proposed higher-layer signaling. Each configured NZP CSI-RS resource is associated with a set of CRS parameters and possibly a zero-power CSI-RS configuration.
	NZP CSI-RS resource
	Associated parameters

	NZP CSI-RS resource #1
	Set of CRS parameters #1
FFS: Zero-power CSI-RS configuration #1

	NZP CSI-RS resource #2
	Set of CRS parameters #2
FFS: Zero-power CSI-RS configuration #2

	NZP CSI-RS resource #3
	Set of CRS parameters #3
FFS: Zero-power CSI-RS configuration #3


Hence, a simple way to provide all the required signaling is to signal the above parameters via higher layers, and then indicate via DCI which of the configured non-zero-power CSI-RS resources should be assumed as a reference for PDSCH rate matching and detection. Essentially, the reference NZP CSI-RS resource may then be assumed as quasi-colocated with DMRS, and the associated CRS parameters (and ZP CSI-RS parameters if included) are assumed in PDSCH rate matching.

In [1]
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[2], two methods for providing the DCI signaling were described. First way in [1] is based on adding 2 bits into the DCI for the purpose. The method in [2] relies on the scrambling ID (nSCID) field and associates one set of CRS parameters and one ZP CSI-RS configuration with each scrambling ID. While this method does not require additional DCI overhead, its main limitation is that only two NZP CSI-RS resources and accordingly two sets of CRS parameters can be signalled. This is in deep contradiction with the current working assumption on CoMP measurement set size which is three non-zero-power CSI-RS resources. In principle, it would still be possible in principle to support e.g. DPS among three transmission points in terms of CRS rate matching by configuring for instance a union of multiple sets of CRS parameters and associate that with one of the DCI signaling states. However, such an approach would impose a high extra overhead, possibly compromising CoMP gains. On the other hand it is also very clear that with two states it is not possible to signal one out of three NZP CSI-RS resources that the UE should assume quasi-colocated with DMRS in demodulation. Hence, our view is that rather than utilizing the nSCID field, new DCI signaling bits should be utilized for this signaling in order to keep design consistency with the CoMP measurement set size. It is noted that if the maximum CoMP measurement set size would be two, method [2] would be perfectly fine. In our view the DCI design should be kept consistent with the maximum CoMP measurement set size.
The additional field should be present in DCI format 2C in TM10 whenever the UE is configured with multiple non-zero-power CSI-RS resources. Separate RRC configuration of this field could be also considered instead of associating it implicitly with multiple non-zero-power CSI-RS resources. Anyway, it is noted that as described in [4], the “second” quasi-colocation behaviour (see introduction) should be assumed by the UE only if configured separately (in which case the signaling field should always be present). Finally, since CoMP can be in principle configured together with CA using cross-carrier scheduling, reusing the CIF field could be considered.
Proposals: 

· In TM10 DCI format 2C, two additional bits are used to indicate the NZP CSI-RS resource that is taken as the reference for PDSCH rate matching and detection.
· UE shall then assume PDSCH rate matching around CRS (and ZP CSI-RS, if included) associated with the indicated NZP CSI-RS resource.

· If configured to assume the “second” quasi-colocation behaviour, the UE may also assume the indicated NZP CSI-RS resource quasi-colocated with PDSCH DMRS.
· The field is present either based on separate RRC configuration or whenever the UE is configured with multiple CSI-RS resources.
3
Conclusions
In this contribution we have discussed the details of CRS rate matching and quasi-colocation signaling. Our view is that the UE is configured via higher layers multiple NZP CSI-RS resources each of which is further associated with a set of CRS parameters and possibly a ZP CSI-RS configuration. Newly added DCI signaling bits indicate which of the configured NZP CSI-RS resources should be assumed as a reference for PDSCH rate matching and for CSI-RS to DMRS quasi-colocation. Our proposals are summarized as follows:

Proposals:
·  UE is configured via higher layers with the following information:
· A set of CRS parameters for each cell from which PDSCH transmission may occur:

· CRS frequency shift
· Number of CRS ports
· MBSFN subframe configuration

· Association of each configured non-zero-power CSI-RS resource to one of the sets of CRS parameters.
· Additionally, association of each configured non-zero-power CSI-RS resource with one or more zero-power CSI-RS resources can be considered.

· In TM10 DCI format 2C, two additional bits are used to indicate the NZP CSI-RS resource that is taken as the reference for PDSCH rate matching and detection.

· UE shall then assume PDSCH rate matching around CRS (and ZP CSI-RS, if included) associated with the indicated NZP CSI-RS resource.

· If configured to assume the “second” quasi-colocation behaviour, the UE may also assume the indicated NZP CSI-RS resource quasi-colocated with PDSCH DMRS.
· The signaling field is present either based on separate RRC configuration or whenever the UE is configured with multiple CSI-RS resources.
References

[1] R1-123940, Summary of Offline Discussions on Downlink Control Signalling for CoMP, Huawei
[2] R1-123989, Way Forward on downlink control signalling for PDSCH RE mapping, ZTE, Ericsson, Nokia, Nokia Siemens Networks, Qualcomm, Samsung, ST-Ericsson
[3] R1-124395, On CQI definition, Renesas Mobile Europe Ltd

[4] R1-124391, Remaining issues on quasi-colocated antenna ports, Renesas Mobile Europe Ltd

