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1
Introduction

In RAN1#69, the following was agreed on signaling of CRS positions in order to aid the UE with PDSCH rate matching in case of CoMP transmissions:
· Agreement:

· Provide signalling to indicate the CRS position of at least onecell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 

In this contribution we discuss the remaining FFS issues and provide our view on the exact signaling to be included in RRC and in DCI.  
2
Signaling details
The main issue why it was agreed to include signaling of CRS positions is that if the UE is unaware of the CRS transmitted by some of the cells from which the PDSCH transmission is coming, there will be CRS interference on the CoMP transmission. On the other hand if the UE would assume worst case CRS overhead, i.e. based only on some semi-static signaling of the rate matching pattern, the overhead could become prohibitively high.

There are some other methods existing to avoid the CRS overhead issue such as relying only on MBSFN subframes, using CoMP only in scenario 4 or configuring the same CRS frequency shifts to all cells from which PDSCH transmission may occur in a CoMP scenario. However it was deemed that such methods are too restrictive and additional signaling needs to be introduced for this purpose.

Our assumption is that the UE is configured with sets of CRS parameters via higher layers and dynamic signaling is utilized to indicate which of the sets should be assumed in the rate matching. Since the main issue is the resulting CRS interference on CoMP transmissions or alternatively an even larger CRS overhead, clearly all relevant CRS parameters need to be included in the higher layer signaling. Hence, in addition to CRS frequency shift, the UE should be signalled the number of CRS antenna ports.
On the other hand, CRS transmission does impose quite a significant overhead on CoMP transmission, hence when CRS are not transmitted, this should be taken advantage of. From this perspective MBSFN subframes should also be utilized and the MBSFN subframe configurations of the different cells should be informed to the UE. It is noted that relying only on serving cell MBSFN subframe configuration may not be enough as the different cells may not have the same MBSFN configuration.

Hence for each cell from which the PDSCH transmission may occur the following information is signalled via higher layers:
· CRS frequency shift

· Number of CRS antenna ports

· MBSFN subframe configuration

It is noted that very similar higher layer signaling will be available for CRS cancellation purposes in eICIC anyway, actually for very similar reasons.
One option is that the UE is simply signalled with DCI one or more sets of CRS around which the rate matching should be assumed. But, CRS parameters are anyway needed also in CSI reporting for overhead purposes in CSI reference resource. With current definitions, UE is not aware of which CRS overhead should be assumed when computing the CQI for a specific CSI process. From that perspective it would be good to associate each non-zero-power CSI-RS resource with one set of CRS parameters, and instead signal to the UE which CSI-RS resource can be assumed to be transmitting. Since each CSI process is associated with one non-zero-power CSI-RS resource for channel estimation, the UE would then also know which CRS overhead should be assumed in the CQI calculations.

Observations:

· All relevant CRS parameters are impacting rate matching and should be included in the higher layer signaling.

· UE needs to have an assumption about CRS overhead when reporting CSI, hence each non-zero-power CSI-RS resource anyway needs to be associated with a set of CRS parameters.
Each our proposal would be that each non-zero-power CSI-RS resource is linked to one set of CRS parameters:
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.

Our view is that the UE is then informed in DCI which of the configured non-zero-power CSI-RS resources are assumed to be transmitting. Since the UE has to know the association between non-zero-power CSI-RS and the sets of CRS parameters, the UE can easily derive the correct rate matching pattern.
One of the FFS aspects was whether only one or up to three cells can be indicated with the signaling. This relates also to which schemes are envisioned that should benefit of the signaling. Signaling of three cells would be needed mainly for joint processing CoMP and frequency-selective DPS. Neither of these has been agreed to be explicitly supported by the specification and we do not see a very strong need for either of them [1], so from that perspective it may be enough to provide signaling to indicate only one cell that can support wideband DPS. On the other hand, by adopting the same approach as has been proposed for aperiodic CSI request field, it may not be even necessary to agree on whether only 1 cell or up to 3 cells can be indicated: one approach is that the states of the signaling field correspond to higher layer configured sets of non-zero-power CSI-RS resources that the UE shall assume to be transmitting in the subframe (and hence the UE shall assume CRS rate matching accordingly). On the other hand, one or more of the states could be also fixed such that one state could be for example always associated with a lowest CSI-RS resource index (typically corresponding to strongest transmission point / CSI-RS resource), enabling fallback transmission using only a single transmission point. Anyway, a signaling field of 2 bits seems to be enough as illustrated in Table 1, on the other hand some states of the existing CIF field could be utilized as well.
Proposal: DCI shall indicate to the UE which non-zero-power CSI-RS resources the UE shall assume to be transmitting.
· For example, each state of the signaling field may correspond to a preconfigured set of non-zero-power CSI-RS resources that the UE shall assume to be transmitting.
· Enable the UE to derive the CRS rate matching pattern using the higher layer configured information.
Another ongoing discussion that is related to this signaling is the issue of quasi-colocated antenna ports. One option there has been that instead of requiring the UE to estimate all long-term channel statistics from PDSCH DMRS, the UE would be informed about a reference CSI-RS resource that can be assumed as quasi-colocated with PDSCH DMRS with respect to the long-term statistics [2]. It is noted here that the signaling discussed in this contribution readily supports such operation and no additional signaling is needed. Hence there is no overhead increase of the signaling. This is also illustrated in Table 1.
Observation:

· Exactly the same signaling can be utilized for informing the UE about assumptions on quasi-colocated antenna ports, e.g. linkage between non-zero-power CSI-RS resources and DMRS antenna ports.
· This does not require adding any overhead.

Table 1. An example of a possible 2-bit dynamic signaling field according to the proposal. Also fixed states could be considered, such as one state indicating transmission from the strongest CSI-RS resource.
	State
	Non-zero-power CSI-RS resource reference
	Rate matching assumption
	UE assumption about quasi-colocated antenna ports

	00
	1st set of higher layer configured CSI-RS resources
	According to CRS parameters associated with 1st set of higher layer configured CSI-RS resources
	PDSCH DMRS assumed quasi-colocated with 1st set of higher layer configured CSI-RS resources

	01
	2nd set of higher layer configured CSI-RS resources
	According to CRS parameters associated with 2nd set of higher layer configured CSI-RS resources
	PDSCH DMRS assumed quasi-colocated with 2nd set of higher layer configured CSI-RS resources

	10
	3rd set of higher layer configured CSI-RS resources
	According to CRS parameters associated with 3rd set of higher layer configured CSI-RS resources
	PDSCH DMRS assumed quasi-colocated with 3rd set of higher layer configured CSI-RS resources

	11
	4th set of higher layer configured CSI-RS resources
	According to CRS parameters associated with 4th set of higher layer configured CSI-RS resources
	PDSCH DMRS assumed quasi-colocated with 4th set of higher layer configured CSI-RS resources


Finally, also related to the UE assumptions about quasi-colocation of different antenna ports, one issue to be further studied has been whether frequency-selective dynamic point selection should be supported with some additional restrictions. As mentioned, we do not see a benefit of frequency-selective dynamic point selection [1]. However, if frequency-selective DPS is deemed to be supported for instance in terms of additional restrictions to quasi-colocation assumptions that can be made by the UE, then clearly also the additional CRS overhead should be avoided by devising proper signaling of CRS positions. After all, in each PRB only one set of CRS need to be rate matched around in case of DPS, so anything more would mean excessive overhead.

Obviously full frequency-selective signaling of the assumed transmitting CSI-RS resource in each PRB pair can not be used due to excessive overhead DCI signaling overhead. However, one simple possibility is to utilize similar signaling as for signaling of frequency-selective PMI in case of transmission modes 4 and 6, i.e. relying on the fact that the UE actually has knowledge about what has been fed back in the previous aperiodic CSI report on PUSCH. The eNB would anyhow try to follow the UE recommendation in the scheduling, i.e. schedule the UE from the transmission points for which the best CQI was reported. Hence if the eNB schedules on each PRB pair according to CSI process for which UE reported the best CQI, a simple way to signal CRS information to the UE is to send a confirmation that the transmitting CSI-RS resources per subband correspond to those that resulted in the best CQI in the latest aperiodic CSI report. Similar signaling can be then used for the informing the UE about the quasi-colocation assumptions. This approach is illustrated in Table 2. Our proposal is that if frequency-selective DPS is supported for instance in terms of additional restrictions to quasi-colocation assumptions, the CRS position signaling field should include such a state as well.
Proposal: If there is explicit support for frequency-selective DPS in the specification, e.g. in terms of restrictions to assumptions related to quasi-colocated antenna ports:

· Ensure good performance of frequency-selective DPS in presence of CRS – avoid excessive CRS overhead.
· Introduce one state in the CRS position signaling field in which the rate matching is according to CRS associated with the CSI-RS resource that resulted in the best CQI in the latest aperiodic CSI report.
Table 2. An example of one state to be included in the signaling in case frequency-selective DPS is to be supported.

	State
	Non-zero-power CSI-RS resource reference
	Rate matching assumption
	UE assumption about quasi-colocated antenna ports

	xy
	On each subband, the CSI-RS resource that resulted in the best CQI in the latest aperiodic CSI report.
	On each subband, according to CRS associated with the CSI-RS resource that resulted in the best CQI in the latest aperiodic CSI report.
	On each subband, PDSCH DMRS assumed quasi-colocated with the CSI-RS resource that resulted in the best CQI in the latest aperiodic CSI report.


3
Conclusions

In this contribution we have discussed the details of signaling of CRS position information. 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.
· DCI shall indicate to the UE which non-zero-power CSI-RS resources the UE shall assume to be transmitting.

· For example, each state of the signaling field may correspond to a preconfigured set of non-zero-power CSI-RS resources that the UE shall assume to be transmitting.
· Enable the UE to derive the CRS rate matching pattern using the higher layer configured information.
· If there is explicit support for frequency-selective DPS in the specification, e.g. in terms of restrictions to assumptions related to quasi-colocated antenna ports:

· Ensure good performance of frequency-selective DPS in presence of CRS – avoid excessive CRS overhead.
· Introduce one state in the CRS position signaling field in which the rate matching is according to CRS associated with the CSI-RS resource that resulted in the best CQI in the latest aperiodic CSI report.
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