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1 Introduction

Coordinated multiple point (CoMP) transmission is a potential technique to mitigate inter-cell interference and thus improve the cell-edge users’ throughput. In CoMP, multiple points directly/indirectly transmit to one or multiple UEs. In support of different CoMP schemes in the downlink (DL), cells/eNBs in cooperating set directly or indirectly utilize different kind of information including reference signal (RS) and control signal from UE. Currently, signalling used to acquire DL channel state information (CSI) known as feedback is classified into three categories [1]: explicit, implicit and SRS-based feedback. These feedback are suitable for different situations [2]. Views from multiple companies on CoMP feedback in #RAN57b is summarized in [3] with following feedback design considerations:

Transmission/reporting modes:

· Different transmission schemes for CoMP and non-CoMP can be made “transparent” from reception/demodulation perspective thanks to the use of UE-RS

· Common framework for feedback design in support of CoMP and non-CoMP (SU/MU-MIMO)

· Discuss reporting transmission modes in conjunction with MIMO discussion

· Dynamic switch of CoMP transmission modes (if more than one CoMP transmission mode defined) is supported

· Dynamic switch of CoMP and non-CoMP transmission modes is baseline
Feedback: 

· Explicit, implicit and SRS-based feedback mechanisms are not exclusive of each other

· Individual per-cell feedback is the baseline

· Complementing per-cell reports with joint multi-cell feedback needs discussion
It is important to efficiently utilize limited uplink (UL) resources. Several companies proposed methods for feedback design [4]-[8]. However, how to allocate recourses for feedback with low SINR UEs is particularly urgent.

In this contribution, we provide some suggestions in efficient UE signaling design for DL CoMP. First, our points of view in transparent transmission mode are discussed. In Section 3, reasons and concerns with respect to design UE signaling according to received SINR are given. Then design considerations are presented followed by a brief conclusion.
2 CoMP and Non-CoMP transmission mode 
As a new transmission scheme for LTE-A, CoMP is classified into the following categories [1]:

· Joint processing

· Joint transmission (JT), where more than one transmission points simultaneously transmit to the CoMP UE;

· Dynamic cell selection, where only one transmission point transmits to the CoMP UE at a given time;
· Coordinated scheduling/beamforming: where only the serving eNB transmits to the CoMP UE, while the other CoMP cells coordinate their transmission schemes to mitigate the interference to that CoMP UE.
In our point of view, there is no difference between CoMP and non-CoMP transmission mode according to the above definition. Or say, it is reasonable to view non-CoMP transmission mode as one kind of CoMP. As shown in Figure 1, we assume all information including channel state and data are only available at the serving cell/eNB. Other cells/eNBs acquire these information through the backhaul link A-B. This still makes sense when link from node B to UE is available since the link is equivalent to existing link A-B. If the exchanged information are extremely low in frequency, CoMP degenerates to non-CoMP transmission mode where node B becomes interference cell/eNB. The following classification method of UE signaling can thus apply to non-CoMP DL schemes. 
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Figure 1 CoMP and non-CoMP framework

3 Classification of UE Signaling 
There will be new nodes (Pico cell, home eNBs, Realys) other than macro cells deployed in LTE-A system to improve system performance [9]. A variety of CoMP schemes are suitable to adopt to overcome different interference scenarios brought from these new elements. It seems difficult to come to consensus conclusion in the type, quantity, granularity and etc of UE signaling used to support CoMP schemes. However, one thing for sure is that those schemes with high performance gain are usually sensitive to the precision of estimated parameters, such channel state, timing, frequency offset and etc. All these demand high SINR since delicate schemes benefit from a large amount of instantaneous and precise information. While at low SINR, delay and distorted information result in similar performance in simple-and-low-complexity schemes and delicate schemes. Regarding to classifying UE signaling according to SINR, two aspects are considered in the following: 

3.1 From transceiver perspective
For UEs with high received SINR, instantaneous and precise feedback information from UEs help transmitting points to perform pre-processing which may improve receiver performance and/or lessen receiver loading. Thank to relative high resources in the UL, these information are available due to tolerable overhead.
For UEs with low received SINR, this implies low SINR in the UL. More resource elements (REs) for data and more overhead for RS to maintain UL communications is more urgent than more resources allocated to feedback information. Utilizing existing SRS to acquire long-term information for CoMP operation would be better than no feedback information.
3.2 From system perspective 
For UEs with high received SINR, system tends to apply delicate DL transmission schemes on these UEs, as discussed in the above. Instantaneous and precise feedback information from the UE is needed and possible due to relative high resources available in the UL.
For UEs with low received SINR, there are two possibilities:

1) the UEs are interference limited; 
2) the UEs are noise limited.
In both cases, only long-term and a few amount of DL channel information from transmitting points are needed and available for CoMP operation. Under the condition of very limited UL resources, the most important thing for transmitting points is to identify DL interference and noise level. In interference limited case, there may be possibility to add new points to cooperating set. In noise limited case, beamforming may be the remedy.
4 Efficient Design Considerations 
From the discussion in Section 3, it seems a promising method to differentiate UE signaling according to its SINR regardless of application scenarios. In order to efficiently design UE signaling in support of DL CoMP, the following concerns combined with SINR based feedback design may be taken into considerations:
1) To maintain reasonable UL overhead;
Several companies has analyzes control overhead on uplink channels including PUSCH and PUCCH [4]-[6]. Considering limited UL resources of UEs with low SINR, it is better that overhead in UEs with low SINR is much lower than those with high SINR. The saved resources are suitable for UL communications.
2) To minimize information exchanged over the air;
UE selects feedback type and feedback quantity based on achievable SINR. eNBs in cooperating set can then infer the condition this UE faced according to prior consensus. No additional UL or DL signaling needed is preferred.
It would be better to avoid redundant feedback when multiple types of feedback are sent by UEs. In other words, main-eigen information of overall link (such as link A-B-D-E in Figure 1) is preferred.
3) To minimize power consumption from system point of view; 
As described in Section 3, proper feedback information helps to lessen UE processing loading due to pre-processing (such as pre-coding). Therefore, the same performance can be achieved with minimum power consumption from system point of view. 
5 Conclusions
This contribution provided suggestions to efficiently utilize limited UL resources in support of DL CoMP. Concept of common feedback framework (CFF) is being discussed during the RAN1 #57bis meeting. However, to what degree the feedback framework would be common is not yet clear. Feedback design based on UE SINR is suggested. Standard efforts to work out CFF would be welcomed with the following considerations:
1) To maintain reasonable UL overhead;
2) To minimize information exchanged over the air;
3) To minimize power consumption from system point of view. 
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