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1. Introduction
Even though Interference Measurement Resources (IMRs) is a useful tool for interference measurements it does not fully solve the interference measurement problems for CoMP, in particular in heterogeneous deployments where many nodes may be involved. The beauty of the IMR is that it provides a UE transparent means for the network to expose the UE to any interference composition of choice, which is highly useful, but the main shortcoming is the limited reuse factor, or put in other words, the limited number of available IMRs, the associated downlink overhead and the coupling to ZP CSI-RSs.

For  these reasons it was agreed in TSG-RAN WG1 #69 to further study whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR.

2. Network Operation using UE Emulated Interference
As was already agreed, a Rel-11 UE should be capable of simultaneously tracking and performing channel estimation on up to 3 non-zero power (NZP) CSI-RSs (corresponding to the size of the CoMP Measurement Set). Having this propagation channel information the UE can readily use it to either estimate the received power/characteristics of a desired signal (as now for CQI evaluation), but it can equally well use it to estimate the characteristic of an interfering signal from the associated TP.
The idea is to only configure a select few IMRs within the CoMP coordination area, corresponding to residual interference (e.g., outside of the CoMP cluster) and having the UE actively tracks the channels of up to three dominating TPs (CSI-RSs): For each CSI Process each of these CSI-RSs is classified as a 

· desired signal, or

· an interferer, or

· muted (not used)

Hence, as the UE moves within the CoMP coordination area the CoMP Measurement Set is updated to monitor the current three dominating TPs thereby characterizing the vast majority of power received from intra-cluster sources.
Observation:
· UE interference emulation enables the network to configure a UE how to interpret the received signals, for CSI reporting, of the three dominating TPs at any given time/position
A main benefit of this approach is that it to a large extent removes the need for network planning of a large set of IMRs. Instead the network can autonomously resolve the interference measurements by adaptively configure the CSI-RS resources for UE interference emulation (CoMP Measurement Set) based on RRM feedback or CSI-RSRP feedback continuously provided by all UEs. 

Observation:

· UE interference emulation minimizes the CoMP network planning and enables the network to autonomously monitor which interference a UE should apply at any given time/position
Inter cluster interference is naturally covered by measurements on the IMR. Multiple IMRs can also be utilized to capture the cases when there are additional relevant intra-cluster interferers in excess of the 3 strongest TPs.

3. Network Operation without UE Emulated Interference
Without the tool of UE emulated interference, the CoMP operation of the network must resort to realizing all relevant CoMP interference hypotheses in different IMRs, which are used to configure the CSI Processes of the UEs. This is in sharp contrast to UE interference emulation, where the UEs can adaptively track the strongest interferers without the network having to explicitly realize the corresponding interference in an IMR.

Hence, the network must statically reserve resources for a large set of IMRs, resulting in overhead, and even more challenging, ensuring that the correct interference composition is present in each and every IMR at any given time.
3.1. Coupling between IMRs and ZP CSI-RS
For an IMR to be useful it must be matched by configurations of ZP CSI-RS of UEs in the same coordinated region, as to avoid PDSCH transmissions in the configured IMRs from TPs that does not comply with the interference composition that is targeted in a specific IMR. Since all ZP CSI-RS transmissions are limited to occur with the same subframe configuration (offset and periodicity) this essentially limits the IMRs to all occur in the same subframe. In a particular subframe there are only a maximum of 10 (in FDD) 4RE/PRB ZP CSI-RS configurations, which must be shared by all IMR configurations and the muting to accommodate boosting of CSI-RS configurations.

 Observation:

· The NZP CSI-RSs, IMRs, and the ZP CSI-RS are in practice constrained to all occur in the same subframes.

· The 10 available ZP CSI-RSs resources must be partitioned between the IMRs and for muting benefitting NZP CSI-RS resources
· At most 10 IMRs can be present in a coordinated CoMP cluster

· In case no ZP CSI-RS are used for muting to boost the SINR of the NZP CSI-RSs

· With muting less than 10 IMRs can be maintained
The constraint of at most 10 ZP CSI-RS configurations is even more severe for useful CoMP operation, considering that the ZP CSI-RS further needs to be shared for the purpose of muting to boost the SINR of NZP CSI-RSs in the coordinated cluster. In Appendix we sketched on how many IMRs (and thus ZP CSI-RSs configurations) would be required in a few different scenarios. In conclusion, in most scenarios the number of available ZP CSI-RSs is insufficient to also enable interference measurements only relying on multiple IMRs (even if the re-use factor between clusters is disregarded).

Observation:

· There is insufficient number of ZP CSI-RS resources to realize the CoMP interference hypotheses only using IMRs in most considered scenarios.
The above concerns are essentially what is resolved by UE emulated interference, that vastly reduce the number of IMRs that needs to be statically maintained within a CoMP cluster.

3.2. Exciting an IMR with a Desired Intra-Cluster Interference Composition
From a network perspective there are essentially two means to expose an IMR to a “desired” interference composition of intra-cluster interference (in addition to the out of cluster interference):

1)      Configure ZP CSI-RS for all UEs in the cluster that covers all IMRs maintained in the coordinated area, and actively transmit interfering signals on all IMRs so that each IMR is exposed to its desired interference composition.
2)      Configure ZP CSI-RS on all UEs attached to a specific TP covering the IMRs for which that specific TP is expected to be muted, whereas IMRs that should be exposed to interference from the specific TP are not configured for muting. Thereby, the IMRs can measure interference from PDSCH transmissions of the neighboring cells. 

The latter approach has the advantage that it imposes less overhead but has the disadvantage that it is only practical in case of DPB (without DPS), since if the transmission to a UE changes TP (or uses multiple TPs) then the ZP CSI-RS configuration of that UE will not match how an alternate/second TP should expose interference to different IMRs. Moreover, it is arguably so that it is more attractive from a CoMP scheduling perspective if the different CSI Processes represents on or off interference from intra CoMP cluster sources, since that specifically matches the hypotheses tried by the scheduler in the CoMP allocation (whereas inter CoMP cluster interference should be biased by the traffic load since the allocation is not done jointly with these nodes).

Hence, to support all the considered CoMP transmission schemes only IMR configuration 1) above provides a viable alternative for CoMP UEs. The drawback of the approach is off course the associated overhead and added interference (to other clusters), which becomes quite excessive if many IMRs are to be configured (e.g., 8 REs/RB/subframe in case of 10 ZP CSI-RS configurations every 5 ms), whereas a couple of IMRs in a CoMP cluster can be supported without excessive overhead.

Observation:

· Maintaining a large number of IMRs in a CoMP coordination cluster is associated with a non-negligible additional downlink overhead
4. Conclusion

Herein, we describe how to effectively use UE side interference emulation for operating coordinated transmission points. Furthermore, it is discussed that relying only on IMRs for interference estimation is insufficient in most scenarios, since the number of ZP CSI-RS resources are insufficient to realize interference in a large set of IMRs in addition to muting to boost received SINR of NZP CSI-RS resources.
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Appendix
Intra site Macro only

For the case of intra-site CoMP with Macro only deployment it is possible to configure the ZP-CSI-RS resources to support multiple IMRs without UE emulated interference: 3 ZP CSI-RS resources needs to be reserved for muting to improve the channel estimation for CSI feedback (or 2 in case of 2 Tx sectors). Then 7 ZP CSI-RS resources remain for realizing IMR configurations, which is actually just what is needed for complete CoMP operation based on IMRs. The following table shows how one could configure the corresponding IMRs.
	
	Macro1
	Macro2
	Macro3

	IMR1
	
	
	

	IMR2
	X
	
	

	IMR3
	
	X
	

	IMR4
	
	
	X

	IMR5
	
	X
	X

	IMR6
	X
	
	X

	IMR7
	X
	X
	


A blank space indicates that the macro is silent (by means of a matching ZP CSI-RS configuration of the UEs) and X indicates that the macro transmits some form of interference (data or other signal) on the resources associated with the corresponding IMR.

Hence, if interference modeling solely relies on IMRs all 10 (or 9 in case of 2 Tx) ZP CSI-RS configurations are occupied, resulting in an average additional overhead of 8 REs/RB/subframe, which is quite excessive in relation to the anticipated gains with CoMP. Moreover, it becomes quite challenging to plan the network in relation to other CoMP clusters considering that only the dimension of subframe shifts (e.g., 5 different shifts) will be available for separating different clusters.

On the other hand, if the UEs are capable of emulating interference, then we could get away with only one IMR within each cluster and having the UE emulate interference to the neighboring sector(s). Alternatively, one could configure only IMRs 1 and 5-7 above, which would allow non-CoMP UEs to measure their complete interference without additional tracking of channels (using one of the IMRs 5-7), whereas CoMP UEs base their interference measurements on IMR1, and emulate the interference compositions otherwise represented by IMR 2-5, thereby. Yet another alternative is to configure only IMRs 1-4 above and let the UEs emulate interference contributions from the strongest and/or second strongest transmission points (TPs), while interference from the third strongest TP is treated by means of multiple IMRs.

Intra site Macro + picos

The above example indicated that the case intra-site CoMP can be resolved using multiple IMRs (with additional overhead), or using UE emulated interference, or (perhaps the most attractive alternative) a combination of both. The problems come when considering more advanced deployments such as scenario Config 4b. 

In line with the response to Question 3 in [1], 5 ZP CSI-RS resouces are needed for muting in order to achieve good performance for channel estimation on NZP CSI-RS resources in this scenario. This means that only 5 ZP CSI-RS resources remain as candidates for IMRs.

If UE emulated interference is not supported one would need to configure at least 3 ZP CSI-RS for single point transmission (for each Macro). Some degree of reuse could be used with respect to the IMRs for Pico transmission with Macro interference, but there are most likely picos close to the site (denoted residual picos below) that would require yet another IMR. Then there is only one IMR left to support some type of CoMP operation. Clearly this is not sufficient.

	
	Macro1
	Macro2
	Macro3
	Residual Picos

	IMR1
	
	X
	X
	X

	IMR2
	X
	
	X
	X

	IMR3
	X
	X
	
	X

	IMR4
	X
	X
	X
	

	IMR5
	?
	?
	?
	?


An alternative to this is to use UE emulated interference with a CoMP measurement set of 3, where a wide range of options for coordination could be considered. The IMRs would then be configured, for example, as in the following table.

	
	Macro1
	Macro2
	Macro3
	Residual Pico(s)

	IMR1
	X
	
	
	

	IMR2
	
	X
	
	

	IMR3
	
	
	X
	

	IMR4
	
	
	
	X

	IMR5
	
	
	
	


For example, if one of the UEs is positioned such that the weakest macro is number 2 and its strongest pico is within the residual pico group, then a suitable CoMP measurement set would be macro 1, macro 3 and its strongest pico, and the corresponding IMRs would be IMR2 and IMR5. Note that in this setting non-CoMP UEs would probably be configured to operate using Rel 10 TM9 or Rel 8 TM4 so as to avoid the additional complexity of estimating the channel for the entire CoMP measurement set.

Inter site, coordination of three macro sites.

In order to coordinate 3 macro sites one would require more extensive use of ZP CSI-RS to improve the channel estimation performance for CSI feedback. It is however not realistic to assume that each sector within the cluster has its own CSI-RS resource where all other sectors are muted since this would require 9 out of 10 available ZP CSI-RS resources (or 5 in the case f  2 Tx sectors). Some form of reuse would be needed. The following figure depicts an example of how one could do the reuse of ZP CSI-RS resources to only consume 4 ZP CSI-RS resources (2 resources in the case of 2 Tx).


[image: image1]
Again, it is difficult to configure multiple IMRs on the remaining 6 ZP CSI-RS resources to support all types of CoMP schemes, but with a CoMP measurement set of size 3, a combination of multiple IMRs and UE emulated interference it is possible to do it with 5 ZP CSI-RS resources.

	
	Group 1
	Group 2
	Group 3
	Group 4

	IMR1
	X
	
	
	

	IMR2
	
	X
	
	

	IMR3
	
	
	X
	

	IMR4
	
	
	
	X

	IMR5
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