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In RAN#86bis meeting, the following agreement was achieved for non-coherent JT enhancements:
· At least the following enhancements should be studied for NCJT:
· Enhancement to QCL assumptions for DM-RS antenna ports
· e.g., non co-located DM-RS antenna ports
· Control signaling enhancements
· e.g., One DCI or multiple DCIs to support CW-specific resource allocation / MCS assignment / PDSCH RE mapping, more than one CSI-RS resource for QCL/ CW-to-layer mapping
· CSI enhancements
· e.g., CSI calculation for multiple CSI processes with dependency among CSI processes
· e.g., CSI calculation for single CSI process with codebook enhancement
· e.g., CSI calculation for single CSI process with dependency among K CSI-RS resource in Class B FD-MIMO
· e.g., Support of the CSI for advanced receivers
· Enhancement to channel/interference measurements
· e.g., interference measurements based on NZP CSI-RS 
· e.g., aperiodic CSI-IM
· e.g., measurement restriction in the frequency domain 
In this contribution, we mainly discuss the enhancements on control signaling for non-coherent JT.
[bookmark: _Ref129681832]Discussion
In FeCoMP, the non-coherent JT corresponds to the case where MIMO layers are transmitted from two or more transmission points (TPs) without adaptive precoding across the TPs and classification of non-coherent JT are classified as follows [1]: 
· Case 1: Different CWs are transmitted from different TPs. Each TP perform adaptive precoding independently
· Case 2a: The same CW is transmitted from different TPs with spatial diversity (e.g. SFBC) coding/ spatial multiplexing.
· Case 2b: The same CW is transmitted from different TPs with SFN.
Case 2a/2b with the same CW transmission can be considered as a diversity combining technique to improve the received signal quality, while Case 1 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 control signalling enhancements need to be considered as follows.
QCL enhancement
For non-coherent JT Case 1, layers are independently transmitted from different TPs using different sets of DMRS ports. In such transmission, signals from different TPs may experience different large-scale properties, especially for geographically separated TPs. And the DMRS 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, etc. Such issues will lead to inaccurate channel estimation 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. Therefore, multiple-QCL assumptions should be considered to fully achieve the performance gains of non-coherent JT. 
In Rel-13 LTE, the field ‘PDSCH RE mapping and QCL indicator (PQI)’ was used to support CoMP transmission schemes such as dynamic point selection (DPS). If one DCI is considered for non-coherent JT transmission, there are two approaches to enhance the PQI related to the QCL issue:
· Introduce multiple PQIs corresponding to multiple ports/layers.
· Extend the field of the current PQI to support indications of multiple TPs. For example, a 2-bit PQI could be extended to 4-bit PQI (or more bits) to support multi-QCL assumption. 
If multiple DCIs are used for non-coherent JT, there may be no need to enhance the PQI field as multiple DCIs could indicate multi-QCL assumptions.  
Proposal 1: Control signaling enhancement should support multi-QCL transmission for non-coherent JT.
Codeword-to-layer mapping and antenna port allocation
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, for non-coherent JT Case 1, 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 analyse 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 since two CWs are transmitted for initial transmission in the existing specialization. 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 ports 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 Case 1, 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. A straightforward 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.
[bookmark: OLE_LINK7]Proposal 2: The number of transmission CWs for each TP in non-coherent JT should be determined firstly.
Proposal 3: DMRS ports allocation for each TP should be enhanced in non-coherent JT transmission.
PDSCH RE mapping enhancement
For case 2a and case 2b of non-coherent JT, each layer is simultaneously transmitted from different TPs. For the 2TPs coordination, since each of the coordinated TPs may transmit CRS using different REs according to the CRS frequency shift, the signals received at the position of REs that used for transmitting CRS may include two parts: data signal from the serving TP and CRS from the coordinated transmission TP. In this case, the mismatching of equivalent channel between data REs and DMRS REs would arise and lead to the increase of decoding error rate. Thus, the TP should not transmit data on the positions of CRS REs for the coordinated TP to avoid performance loss. For convenience, the schemes that serving TP is not mapping the data on the positions of CRS REs of both the serving TP and the coordinated TP is referred to as Scheme 1, while TP is not mapping the data on the positions of CRS REs of the serving TP is called Scheme 2. Fig. 1 shows the link performance evaluation of Scheme 1 and Scheme 2. The specific evaluation parameters can be seen in appendix. Note that the CRS overhead issue has been taken into account in the evaluation. 
[image: ]
Fig. 1 Link performance evaluation of PDSCH RE mapping for non-coherent JT 
It can be observed from Fig. 1 that Scheme 2 will suffer severe performance loss compared to no CoMP schemes when SNR>1dB. However, Scheme 1 can achieve reasonable gains from SNR=-9dB to SNR=9dB compared to the no CoMP scheme. For example, with Scheme 1, 24% and 37% gain can be obtained compared to no CoMP transmission at SNR=6dB and 9dB, respectively. Thus, PDSCH RE mapping should be enhanced for non-coherent JT case2a/2b to avoid performance loss. It is noteworthy that Scheme 1 maybe be applicable for a few TPs (two or three TPs) coordination scenario due to the CRS overhead issue. 
Proposal 4: PDSCH RE mapping enhancements should be considered for non-coherent JT case2a/2b.
· TPs should not map the data on the positions of CRS REs for coordinated transmission TPs in non-coherent JT transmission.
Conclusions
In this contribution, we present our views on the control signalling enhancements for non-coherent JT. The following are our proposals:
Proposal 1: Control signaling enhancement should support multi-QCL transmission for non-coherent JT.
Proposal 2: The number of transmission CWs for each TP in non-coherent JT should be determined firstly.
Proposal 3: DMRS ports allocation for each TP should be enhanced in non-coherent JT transmission.
[bookmark: _GoBack][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: PDSCH RE mapping enhancements should be considered for non-coherent JT case2a/2b.
· TPs should not map the data on the positions of CRS REs for coordinated transmission TPs in non-coherent JT transmission.
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Appendix: 
Link evaluation assumptions
	System Bandwidth
	10MHz (50RBs)

	Channel model
	SCME

	System
	FDD

	TP antenna configuration
	2T2R, Cross-polarized [ -45°/45°]

	UE antenna configuration
	1T2R, Cross-polarized[ 0°/90°]

	CRS ports
	2

	UE number per TP
	1

	TP number
	2

	UE speed
	3km/h

	Feedback assumption
	PUCCH 1-1

	Transmission mode
	TM10 based
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