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1 Introduction

In RAN#71 meeting, Fe-CoMP SI [1] was approved for identifying and evaluating the performance benefits of enhancements related to coordinated multi-point schemes. In this contribution, we discuss the potential enhancements and specification impacts for non-coherent JT.
2 Discussion
In FeCoMP, the non-coherent JT corresponds to the case where MIMO layers are transmitted from two or more transmission points (TPs) without joint precoding across the TPs. The non-coherent JT can be classified into two categories according to the CWs mapping to TPs. The case with the same CW transmission can be considered as a diversity combining technique to improve the received signal quality, while the case with different CWs transmission is aimed at exploiting the MIMO gains from spatial multiplexing. To fully utilize the performance benefits from the non-coherent JT, the related potential enhancements and specification impacts need to be concerned from the following four aspects.
2.1 CSI measurement and feedback
In the existing specifications, a UE can be configured with multiple CSI processes and each CSI process is associated with CSI-RS resources for channel measurement and CSI-IM resources for interference measurement. The UE measures and reports the optimized CSI for single TP transmission or coherent JT from multiple TPs. Each reported CSI is optimized for corresponding CSI process and is independent of that for other CSI processes. By such approach, the traditional CoMP schemes (e.g., DPS, DPB, coherent JT, and etc.) can be well supported. However, it is not fully applicable to the non-coherent JT since the mutual interference caused by the layers from different TPs is not considered by the existing specification. Thus, the performance benefits from non-coherent JT would be limited. 
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Figure 1: Interference for non-coherent JT.
For example, as is shown in Figure 1, TP1 and TP2 jointly perform the non-coherent JT. For the layers transmitted from TP1, the interference can be classified into two categories: one is caused by the layers transmitted from TP2, and the other is caused by other non-coordinated TPs. The interference from other non-coordinated TPs can be measured by configuring CSI-IM resources, while the measurement of the interference with certain beamforming from TP2 is not supported by the existing CSI measurement and feedback mechanism. Thus, the enhancements on CSI measurement and feedback for non-coherent JT should be considered in FeCoMP.
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Figure 2: CSI configurations for non-coherent JT: 2(a) is for one CSI process, 2(b) is for multiple CSI processes.
The specification impacts are summarized by the following two aspects:
· CSI configurations

In order to reflect both kinds of the interference into the reported CQI, UE needs to be aware of the potential coordinating TPs and their possible PMIs that may be used in the coordination. 
· One approach is to configure both NZP CSI-RS resources and ZP CSI-RS resources as CSI-IM resources for interference measurement, where the NZP CSI-RS resources are used for the channel measurement of other TPs involved in non-coherent JT. An example of two TPs is given in Figure 2(a), the CSI process is configured by TP1 and associated with an NZP CSI-RS resource transmitted from TP1 and CSI-IM resources for interference measurement. The CSI-IM resources include two kinds of CSI-RS resources: one is NZP CSI-RS resource transmitted from TP2; and the other is ZP CSI-RS resource, by which the UE can measure the interference generated from TPs except TP1 and TP2. By such configurations, the UE can perform the CSI measurement and feedback as follows,
· Measure PMI1 and PMI2 from the NZP CSI-RSs transmitted from TP1 and TP2, respectively

· Calculate CQI1 and CQI2 for TP1 and TP2, respectively, where

· For CQI1, the interference is from TP2 using PMI2 and other TPs

· For CQI2, the interference is from TP1 using PMI1 and other TPs
In this case, the CSI measurement and feedback for non-coherent JT can be done by single CSI process. 

· Another approach is to configure multiple CSI processes to be correlated, e.g., one CSI process may be configured as the CSI-IM resources for another CSI process, where each CSI process is configured with NZP CSI-RS resources corresponding to each TP involved in the non-coherent JT. As is shown in Figure 2(b), CSI process 1 and CSI process 2 are configured for TP1 and TP2, respectively. The CSI-IM resources configured in each CSI process have two parts: one is the ZP CSI-RS for interference from TPs except TP1 and TP2; and the other is the CSI process-id indicating the CSI process configured for TP2. Through the process-id, the UE can measure the PMI2 for TP2. Then, the UE calculates the interference to TP1 by taking the PMI2 into account. Similarly, the PMI1 for TP1 can be used to calculate the interference to TP2. 
· CSI reports

For non-coherent JT, the transmission involves multiple transmission points. The UE needs to report multiple CSIs to its associated TP, and each corresponding to one coordinated TP. For the single CSI process case, the UE can report multiple CSIs together at the next reporting request. For the multiple CSI processes case, UE can report the CSI of each TP separately, as is designed in the existing specification. However, as the number of coordinated TPs increases, the existing reporting mechanism would cause severe delay, and thus affect the scheduling efficiency and system performance. Furthermore, since the multiple CSI processes configured for the UE are correlated, reporting the CSIs corresponding to multiple TPs together is a more reasonable choice for non-coherent JT.
Proposal 1: The CQI calculation should take into account the interference from the coordinated TPs using the correspondingly measured PMIs for non-coherent JT. 
· NZP CSI-RS resources could be configured as CSI-IM resources for channel measurement.

· Multiple CSIs corresponding to the multiple TPs in non-coherent JT should be reported together.
2.2 QCL issue
The concept of QCL is defined in TS 36.211 Section 6.2.1:

“Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay.”
Introducing the QCL concept is used to indicate the relationship of large-scale properties between antenna ports. There are two kinds of relationship: one is between the antenna ports transmitting the same type of reference signals (RSs), e.g., the CRS ports, the DMRS ports or the CSI-RS ports transmitted from single TP are assumed to be QCL; the other is between the antenna ports transmitting different types of RSs, e.g., in TS 36.213 the QCL assumptions are specific as follows:

· Type A: The UE may assume the antenna ports 0 – 3, 7 – 22 of a serving cell are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.
· Type B: The UE may assume the antenna ports 15 – 22 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the antenna ports 7 – 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
where type B is used to support Rel-11 DL CoMP transmission scheme, indicating that the DMRS ports associated with the PDSCH are QCL with a set of CSI-RS resources. Since the conventional CoMP transmission is transparent to the UE, the UE assumes that the PDSCH transmission antenna ports are QCL and these antenna ports are also QCL with the antenna ports corresponding to certain CSI-RS resources. 
However, for the non-coherent JT, layers are independently transmitted from different TPs using different sets of DMRS ports. In that case, signals from different TPs may experience different large-scale properties, especially for geographically separated TPs. And the antenna ports from one TP are no longer QCL with those from another TP. If the single QCL assumption is still used at the UE side, several issues will arise such as power imbalance, different power delay profiles and Doppler frequency shifts, and etc. Such issues will lead to inaccurate channel estimation and measurement, and further influence the performance. More detailed analysis and evaluations are provided in contribution [2]. Another problem with the single QCL assumption is that it is difficult to decide which set of NZP CSI-RSs is QCL with the DMRSs transmitted from different TPs, especially when the large-scale properties from the TPs are different. Therefore, in order to fully obtain the performance gains from the non-coherent JT, the issue of multiple QCLs should be considered. 

The specification impact of multi-QCL is mainly reflected in the control signalling enhancement with respect to the field ‘PDSCH RE mapping and QCL indicator (PQI)’. In the existing specification, PQI was introduced to support CoMP transmission scheme such as dynamic point selection (DPS). However, for the non-coherent JT, it requires multiple PQIs corresponding to multiple coordinated TPs. Another approach is to extend the field of the current PQI to support indications of multiple TPs. In this case, the PDSCH REs mapping set for each TP can be indicated independently.
Proposal 2: Multiple QCLs should be considered for the non-coherent JT in FeCoMP.
· Multi-QCL indication in control signaling should be supported.
2.3 Codeword-to-layer mapping and antenna port allocation
For the non-coherent JT, different TPs may simultaneously transmit different signals to the UE. In this case, the existing design of codeword-to-layer mapping and antenna port allocation is not flexible enough to support non-coherent JT. 
In the existing specifications, 3 or 4-bits field ‘antenna port(s), scrambling identity and number of layers’ is specified to indicate UE about the codeword-to-layer mapping and which DMRS ports are chosen to transmit signals. These choices are predefined based on a given number of layers. However, in non-coherent JT, different TPs transmit different MIMO layers and the number of transmission layers from each TP is decided independently. So it is not possible to indicate the numbers of transmission layers from multiple TPs through a unified field. A simple way is to indicate the codeword-to-layer mapping and antenna port allocation of each TP, separately. We analyze this issue from the following two aspects specifically:

· The codeword-to-layer mapping is determined by the number of CWs that could be transmitted by each coordinated TP. If each TP only transmits one codeword in non-coherent JT, the mapping between one codeword to multiple layers for initial transmission should be considered in the layer-mapping design. Also, the single CW based CQI reporting needs to be supported. If each TP transmits one or two CWs as the existing specification does, the UE would probably receive more than two CWs in good channel conditions, which may result in the change of HARQ (ACK/NACK) procedure of the UE.

· DMRS port allocation: in the traditional non-coherent or coherent JT, symbols are mapped onto the same DMRS ports of each TP, and the UE can receive signals according to the existing DMRS port allocation rule regardless of whether the signals are transmitted from single TP or multiple TPs. To support the non-coherent JT in FeCoMP, the existing DMRS port allocation rule cannot support such transmission scheme well since the UE do not know which DMRS ports are used by each coordinated TP. An obvious way is to allocate different antenna port number to different TPs in a FDM manner. The allocation can be predefined or indicated through explicit control signalling dynamically. Therefore, the indication of the antenna port number used by each TP should be specified for non-coherent JT.
These possible enhancements could be realized by one DCI or multiple DCIs. For the one DCI case, a new DCI format or adding new fields to an existing DCI format should be considered. While for the multiple DCIs case, the control information of each TP can be signalled via a DCI independently, making the control signalling indications more flexible.
Proposal 3: The specification impact on codeword-to-layer mapping and DMRS port allocation for non-coherent JT should be considered.
· The number of transmission CWs for each TP in non-coherent JT should be determined firstly.

· Implicit/explicit indication of DMRS ports for each TP in non-coherent JT should be considered.
2.4 Non-ideal backhaul links
The scenario of multiple TPs with non-ideal backhaul links is another important scenario that needs to be addressed in FeCoMP. For non-ideal backhaul links, the backhaul delay is the most critical factor that influences the achievable performance gain. For Rel-12 DL CoMP, the long-term information is exchanged via X2 interface among potential coordinating TPs. For the delay-sensitive information such as CSI, X2 interface is not an efficient way. In terms of the non-coherent JT, data does not necessarily need to be shared among the coordinated TPs since each TP transmits different data separately. However, informations such as channel state information (CSI), and scheduling results still need to be available at different TPs, which are very useful for obtaining high performance gains. Such a requirement poses a great challenge to non-ideal backhaul link case. New methods that can reduce or even eliminate the impact of the CSI and scheduling result acquisition delay on the achievable performance should be exploited. For example, the UE reports the CSI of each TP to all the TPs in the coordination set simultaneously through physical air interface, by which the impact of backhaul delay on the CSI acquisition can be avoided. But some new issues come with this CSI acquisition method, such as the PUCCH coverage enhancement, the CSI decoding error, need to be considered. 
Proposal 4: Efforts for reducing the impact of backhaul delay on the achievable performance should be discussed in FeCoMP.
3 Conclusions
In this contribution, we present our views on the potential enhancements and specification impacts for non-coherent JT. In order to support the non-coherent JT efficiently, enhancements related to issues such as CSI, QCL, downlink control signalling, and non-ideal backhaul links, and etc., should be considered. The following are our proposals:

Proposal 1: The CQI calculation should take into account the interference from the coordinated TPs using the correspondingly measured PMIs for non-coherent JT.
· NZP CSI-RS resources could be configured as CSI-IM resources for channel measurement.
· New CSI reporting mode is needed to support UE reporting CSIs of multiple coordinated TPs together.

Proposal 2: Multiple QCLs should be considered for the non-coherent JT in FeCoMP.
· Multi-QCL indication in control signaling should be supported.
Proposal 3: The specification impact on codeword-to-layer mapping and DMRS port allocation for non-coherent JT should be considered.

· The number of transmission CWs for each TP in non-coherent JT should be determined firstly.

· Implicit/explicit indication of DMRS ports for each TP in non-coherent JT should be considered.
Proposal 4: Efforts for reducing the impact of backhaul delay on the achievable performance should be discussed in FeCoMP.
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