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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. The following are some of the issues agreed for Release 11 CoMP:

· Specify the support of intra- and inter-cell CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

This contribution summarizes Samsung’s view on feedback supports of the above CoMP schemes in Release 11.

2 Feedback for Multiple Transmission Points
In order to support efficient CoMP operations, UEs in Release 11 should be able to measure CSI-RS transmissions from multiple cells. In terms of specification support, UEs should be signalled with multiple CSI-RS configurations in an UE specific manner and in turn they should be able to measure/feedback the channel conditions based on these multiple CSI-RS configurations. Supporting multiple CSI-RS configurations per UE would require the definition of a measurement set which would essentially be a set of TPs or CSI-RS configurations for which feedback needs to be measured. Such measurement set would be determined by the eNB and conveyed to the UE using RRC signalling along with other relevant control information.
2.1 Feedback for DS/DB
Dynamic point selection (DS) is a scheme that TP(s) serving a specific user may be dynamically changed according to the wireless resource availability and a UE’s channel status. Additionally, dynamic blanking (DB) is a form of coordinated scheduling where the interference generated from a TP (e.g. high power RRH in HetNet) is dynamically turned on or off in the time or frequency domain depending on whether it is beneficial to the system or not. For the support of DS, a UE should measure/feedback the channel conditions based on the multiple CSI-RS configurations as indicated by eNB. Additionally, for the support of DB, the UE should provide additional feedback that allows the eNB to weigh the pros and cons of blanking off certain time or frequency resources as described in [2~4]. The simplest feedback method we can consider to support both DS and DB (DS/DB) is a UE reporting CSI feedback all configured multiple CSI-RS configurations and interference assumptions, each with individual feedback modes and timings. Such an approach would require a linear increase in the uplink overhead in the form of channel feedback. Therefore, in order to assess the expected overhead, a careful study into the expected size of the measurement set is necessary.
Figures 1 and 2 show the percentage of UEs for the size of the measurement set indicated by eNB in homogeneous and heterogeneous networks, respectively. For the evaluation, the evaluation methodology described in [2] was used and the measurement set is determined with 3, 6, or 9 dB CoMP threshold. For example, if the CoMP threshold is set as X dB, any TP within X dB of the strongest TP is included in the measurement set. For the heterogeneous case, 4 RRHs or 10 RRHs are deployed and uniform UE dropping (configuration 1 in TR 36.814) is assumed in Figure 2. Results for clustered UE dropping (configuration 4b in TR 36.814) are listed in Appendix for additional information. In the case of homogeneous networks, it can be observed that 19%, 36%, and 49% of UEs have more than one TP in measurement sets for 3dB, 6dB, and 9dB threshold, respectively. And more than 20% of UEs have more than two TPs in measurement sets for 9 dB threshold case. Furthermore, for the case of 10 RRHs in heterogeneous network, it can be observed that 37% of UEs have more than two TPs in their measurement sets.
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(a) CoMP threshold = 3dB          (b) CoMP threshold = 6dB          (c) CoMP threshold = 9dB

Figure 1. Percentage of UEs with measurement set size of N (Homogeneous deployment).
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(a) CoMP threshold = 3dB, 4RRHs    (b) CoMP threshold = 6dB, 4RRHs    (c) CoMP threshold = 9dB, 4RRHs
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(d) CoMP threshold = 3dB, 10RRHs   (e) CoMP threshold = 6dB, 10RRHs   (f) CoMP threshold = 9dB, 10RRHs
Figure 2. Percentage of UEs with measurement set of size N (HetNet deployment, uniform UE locations).
Observation:
· Larger CoMP threshold results in a larger measurement set size
· Heterogeneous networks have a larger  measurement set size than homogeneous networks
· In heterogeneous networks, deploying more RRHs results in a larger measurement set size
· For 9 dB CoMP threshold and 10 RRHs, 17% of UEs have more than 3 TPs in a measurement set
A number of factors may influence the total feedback configurations (or the uplink overhead) that a UE needs to support. These factors include the number TPs in the measurement set, the number of different interference scenarios due to operations such as dynamic blanking or semi-static eICIC operation. Table 1 shows the amount of CSI feedback for multiple TPs in the measurement set and interference assumptions based on individual feedback configuration for each case. For the calculation, we assume 2, 3, or 4 CSI-RS configurations based on the evaluation results in the above figures and 2 interference assumptions which take into account ON or OFF states of high power RRH in a HetNet. Additionally, eICIC has been taken into account with the assumption that there is no dynamic blanking for ABS. The calculation implies that eNB should configure 9 feedback configurations and timings to a UE having 3 TPs in the measurement set if there are multiple interference assumptions due to dynamic blanking and ABS. Such an uplink overhead can be a big burden for the system, especially given the fact that a large percentage of UEs might be of similar situation. 
Table 1. The amount of CSI feedback for multiple CSI-RS configurations and interference assumptions.
	# of CSI config.
	# of interference assumption
	Additional feedback for ABS
	Total

	2
	( 2
	+ 2
	6

	3
	( 2
	+ 3
	9

	4
	( 2
	+ 4
	12


Given the above assessment, it seems beneficial not to support channel feedback for all TPs in the measurement set for DS/DB but a subset of it. One method of supporting this could be the adoption of a best RRH indicator as described in [2~3].

2.2 Feedback for JT and CS/CB
Joint transmission (JT) is a CoMP scheme that multiple TPs simultaneously transmit a data to a single UE or multiple UEs in a time-frequency resource. For joint transmission supported in the specification, a UE needs to feedback individual CSI for TPs in the measurement set. Additionally, if we consider the coherent JT, connection information between TPs also should be fed back. The connection information may contain additional information that might help the eNB to assess the aggregate RI, CQI, and PMI. As shown in Table 1, the feedback for multiple TPs causes a big uplink overhead especially for the case of 3 or 4 TPs, and the aforementioned additional information to facilitate JT would only make the situation worse. Considering this situation, it would be beneficial if the specification can be designed such that the additional feedback to efficiently support JT is only provided for a subset of the TPs included in the measurement set. For example, a UE could be provided using RRC signalling with a subset of TPs in the measurement set for which additional information to support JT needs to be transmitted as part of the channel feedback.

Coordinated beamforming/scheduling (CS/CB) is a scheme such that data for an UE is only available at and transmitted from one point in the measurement set but user scheduling/beamforming decisions are made with coordination among points corresponding to the measurement set. The required feedback for CS/CB is dependent on what kind of schemes of CS/CB is supported in the specification. For example, one scheme might require the principal eigen-vector of the activated interfering cell whereas another scheme might require a periodic beam switching operation at the transmitter side and corresponding CSI. Yet another scheme might require the feedback of short-term/subband and long-term/wideband channel covariance matrices. Given the fact that there are different ways of realizing CS/CB and consequently different feedback support is required for each scheme, RAN1 should first identify the exact CS/CB scheme to be supported in Release 11.
3 Conclusion
This contribution summarizes Samsung’s view on feedback supports for downlink CoMP in Release 11. Following observations were made in relation to CSI feedback:

· Observation 1: It seems beneficial not to support channel feedback for all TPs in the measurement set, considering the required uplink overhead, but a subset of it. For DS/DB, this could be realized by the adoption of a best RRH indicator. For JT, an RRC signalling indicating for which TPs additional JT related channel information such as inter-TP phase can be conveyed to a UE.
· Observation 2: Given the fact that there are different ways of realizing CS/CB and consequently different feedback support is required for each scheme, RAN1 should first identify the exact CS/CB scheme to be supported in Release 11.
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(a) CoMP threshold = 3dB, 4RRHs   (b) CoMP threshold = 6dB, 4RRHs  (c) CoMP threshold = 9dB, 4RRHs
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(d) CoMP threshold = 3dB, 10RRHs   (e) CoMP threshold = 6dB, 10RRHs   (f) CoMP threshold = 9dB, 10RRHs
Figure 3. Percentage of UEs with measurement set of size N (HetNet deployment, clustered UE locations).








































































