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1. Introduction
The new SI of “Further enhancement to coordinated multi-point operation” was approved in RAN#71. The general objectives for this SI are to identify and evaluate performance benefits of enhancements related to coordinated multi-point operation to support non-coherent joint transmission (NCJT) and extension of coordinated scheduling/beamforming (CS/CB). In RAN1 85bis meeting, it has discussed and agreed following clarification of NCJT schemes: 
· Definition: Non-coherent JT scheme corresponds to the transmission scheme where transmission of the MIMO layer(s) is performed from two or more transmission points (TPs) without adaptive precoding across the TPs.
· Non coherent JT schemes can be classified based on the CWs transmitted from TPs:                                              
· 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.
· Non coherent JT schemes can be classified based on overlapping of resource allocations from different TPs:
· Scheme1: Fully overlapping scheme
· In this scheme the resource allocations from different TPs for a UE are fully overlapped
· Scheme 2: Partly overlapping scheme
· In this scheme the resource allocations from different TPs for a UE are partly overlapped
· Scheme 3: Non overlapping scheme,
· In this scheme the resource allocations from different TPs for a UE are not overlapped
Scheme #1
Scheme #2
Scheme #3

In this contribution we will present our understanding of NCJT Case 1 and some preliminary simulation results. Further optimization and more simulation results will be updated next meetings. Some necessary enhancements are also discussed at high level to motivate further investigation and simulation confirmations.   
2. Non-coherent Joint Transmission 
[bookmark: OLE_LINK4]Non-coherent JT has been extensively studied and supported in Rel.11 CoMP SI/WI. With the development of advanced UE receiver including CRS cancellation, SIC, four UE antennas, etc, it’s beneficial to reconsider the performance benefit of NCJT with realistic network and UE assumptions. For Rel 14 NCJT Case 1, different data streams (each conveyed by one codeword) are transmitted from one or multiple TPs and mapped into multiple spatial layers each of which is associated with one DMRS port. 
For example, TP-1 transmits encoded data from CW-0 on two data layers corresponding to DMRS ports 7 and 8 whilst TP-2 transmits encoded data from CW-1 on two layers corresponding to DMRS ports 9 and 10. In general, the cell edge UEs attached to pico cells may experience poor/medium channel condition, e.g. due to CRE, but may be able to receive a high data rate/multi-rank transmission from multiple TPs simultaneously if applicable. Generally spatial multiplexing based NCJT case 1 can be suitable for heterogeneous network, in which Pico UE can receive data streams from both pico and macro cells simultaneously using different CWs (or for indoor scenarios where the number of Tx antennas is smaller than the number of Rx antennas). Therefore, spatial multiplexing can increase pico UE data throughput at the experience of macro cell service, more or less. The cooperating TP, i.e. macro cell, can take into account own service requirements firstly and may be responsible for partial PDSCH data of pico UE, e.g. one of two CWs illustrated in Figure 1 for a Pico UE. Consequently, cell edge UEs and Pico UEs may greatly improve their data throughput so that they can be served relatively quickly and then overall network efficiency can be improved. Generally speaking, NCJT Case 1 is close to techniques of load balancing with dynamic network traffic so that the central scheduler shall be able to determine dynamically whether the gain by serving neighbouring users can be larger than the gain by serving own users. 
    
[image: ]
Figure 1: NCJT in Heterogeneous Network with different CWs

The key difference of NJCT Case 1 in Rel 14 compared to Rel 11 NCJT is that TP(s) used for delivering individual codeword can be different for a given UE. The central scheduler may determine whether a coordinative TP, i.e. macro TP in Figure 1, shall allocate its own PRBs and transmission power to a neighbouring/coordinated UE by boosting that UE’s data throughput, or allocate resources to own UEs if it is more beneficial. From the perspective of network scheduling strategy, it can be relatively straightforward with a kind of sequential scheduling decision order per TP. From the perspective of UE equipped with the capability of codeword and interference cancellation, the UE may receive one or two PDSCH codewords where precoders used for codewords can be orthogonal or non-orthogonal each other, from the same or different transmitting TP(s), allocated with overlapped or non-overlapped bandwidth. The transmission strategy is similar with MUST WI Case 3 in Rel 14, if consider expanding the concept of single-point MUST operation into multi-point MUST.   

3. Considerations of NCJT Case 1
Joint Transmission per CW
The simplest scheme among schemes 1-3 is that each CW is associated with single TP with fully overlapped PRB allocation. However, in our understanding, such an assumption may give rise to unnecessary restriction for the SI of FeCoMP since it does not make a difference for the UE whether single or multiple TPs are participating at DMRS-based DL joint transmission within that codeword. 
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A possible difference between single or multiple TP joint transmission per CW is QCL assumption between DMRS and CSI-RS ports. But in general QCL Type B assuming QCL among all DMRS ports seems to be unappropriated and needs to be studied. Moreover, Rel 11 NCJT can support SFN-type joint transmission from different TPs with the same CW. NCJT Case 2b will study possible enhancements to improve its gain. Since Rel 11, CoMP operation can support up to 3 TPs within a CoMP measurement set. Within a dense deployment scenario, like indoor, the possibility with joint transmission using 2 or 3 TPs can be even higher. Therefore, by supporting joint transmission with more than one TPs per CW for Case 1, we may be able to use more cooperative TPs to increase/improve the statistics of transmission ranks for CoMP UEs even with the limitation of two codewords. Increasing the number of codewords is far more complicated in LTE specification. 
Proposal 1: Study the possibility of supporting more than one TP per CW for NCJT Case 1 and strive for a unified enhancement for all Rel 14 NCJT cases 

Codeword-to-Layer Mapping for NCJT Case 1
As shown in Table 6.3.3.2-1 in 36.211, the codeword-to-layer mapping with two codewords for spatial multiplexing is predefined in LTE and summarized in Table 1 below. Therefore, LTE UE has a clear linkage between transmission layers and CW0/CW1 during PDSCH demodulation. Whilst we strive for maintaining legacy mapping as much as possible, one opening question is whether we shall support new combinations of transmission ranks with two codewords beyond Table 1, for example CW0 with one layer and CW1 with three layers, or CW0 with two layers and CW1 with single layer, etc. Although more rank combinations and expanded codeword-to-layer mapping can certainly provide higher scheduling flexibility for NCJT Case 1, it needs to be cautiously justified by performance evaluation. 

	The total number of transmission layers
	2 
	3
	4
	5
	6
	7
	8

	CW0
	L1
	L1
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	L1, L2
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	L1, L2, L3
	L1, L2, L3, L4
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	L2, L3
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Table 1 Codeword-to-Layer Mapping in LTE

Proposal 2: Study the necessity of additional combinations of transmission ranks for NCJT Case 1. 

CW-level Downlink Control Signalling
Default assumptions for two CWs up to Rel 13 are common PRBs, TP(s), transmission time instance and etc. One of interesting points of NCJT Case 1 is that DL transmission from one CW can be more or less independent from DL transmission from another CW. Therefore, it is worth investigating what additional DCI messages per CW shall be indicated. Similar with NAICS and MUST WIs, the necessity of additional DCI messages depends on assumptions of architecture of advanced receivers and supported NCJT schemes. In this contribution, CWIC receiver and schemes 1-3 are assumed for the ease of discussion. However, other advanced receivers (e.g. RML) or other NCJT scheme may imply more or less control signalling overhead. 
Joint table for antenna ports, scrambling identity and number of layers: As discussed above, it is necessary to study whether new combinations of transmission ranks using two codewords shall be supported. If they are needed, certainly joint coding between antenna ports and number of layers need to be updated for new codeword-to-layer mapping. Moreover, for MU-MIMO perspective, it is still feasible that CoMP UE can be paired to other UEs for MU-MIMO, for example CW0 of UE#1 is paired with CW0 of UE2, and CW1 of UE#1 is paired with CW0 with UE3. Therefore, it is reasonable to assume that MU-MIMO can be jointly supported at CW level with NCJT Case 1. Then it may motivate the new design for joint coding of antenna ports and scrambling identity. 
Rate-Matching for CRS: One of limitations of Rel 11 NCJT implementation is about dynamic indication of CRS pattern. For CoMP scenario 3, it is impossible to use Rel 11 NCJT with different CRS patterns within all DL subframes. Rel 14 NCJT shall strive to overcome such a limitation by considering UE CRS cancellation, non-linear receiver and potential CSI enhancement. Assuming that CRS patterns from cooperative TP(s) can be aligned per CW, the UE may cancel CRS interference from CW1 whilst decoding CW0, and vice versa for decoding CW1. Therefore, it may be beneficial to indicate assistance information of CRS RM per CW. If the UE does not have the capability of CRS cancellation, the eNB and the UE need to take into account CRS interference per CW for scheduling and demodulation. 
QCL indication for DL transmission: Type B QCL has assumed that DMRS ports 7-14 are QCLed with CSI-RS ports 15-30 of indicated CSI-RS process. But NCJT Case 1 considers two CWs from different TPs and each CW has own DMRS port assignment, for example CW0 associated with port 7 from TP 1 and CW1 associated with port 8 from TP 2. As a result, DMRS ports 7-14 may not be QCL each other and grouping DMRS ports per CW for QCL may be needed. 
Proposal 3: Study enhancements of NCJT control signalling at CW level, for example CRS RM, QCL, resource allocation, and etc per CW. 

NCJT Control Signalling Framework
As we discussed above, some additional control signalling per CW may be needed. Our general preference is to use separated DCIs to convey main DCI (e.g. maintaining legacy DCI 2D design) and NCJT DCI (e.g. for assistance information for either CW0, or CW1, or both). Unless the UE is specifically indicated by NCJT DCI, the UE may interpret current DL transmission up to Rel 13 with SU, MU, Rel 11 NCJT etc. On the other hand, if the UE detects NCJT DCI, e.g. new CRS RM pattern for one of two CWs, the UE may use that information to improve decoding performance at CW level.   
The reason of using separated DCIs for Rel 14 NCJT Case 1 is to provide higher signalling flexibility. For example, supporting NCJT schemes 1, 2 and 3 may have different control signalling overheads but benefits of those schemes may be varied depending on network architecture, receiver assumption, network traffic, and etc. With separated DCIs, the network may justify signalling overhead flexibly if it is worth doing. Moreover, it can be more extendable to support advanced coordination techniques in future releases with the development of UE receivers and network architecture. 
Proposal 4: Study NCJT control signalling framework, for example with separated DCIs using legacy DCI format 2D and NCJT DCI for NCJT Case 1.  

CSI Measurement Framework
CSI measurement enhancement has been studied widely in previous releases. The main challenge of CSI measurement enhancement for Rel 14 FeCoMP may be still related to improvements of accuracy of PMI quantization for TPs,  accuracy of CQI for a variety of interference hypotheses, and QCL assumption for CSI measurement. 
· In terms of PMI quantization for TPs, Rel 11 have supported enhanced dual-stage codebook for 4Tx. CSI Class B measurement and reporting was introduced in Rel 13 and may be able to improve CSI accuracy further with beamformed CSI-RS resources. Moreover, the study of advanced CSI of Rel 14 FD-MIMO WI is ongoing and it may also provide new alternatives of channel measurement and quantization per TP. 
· In terms of CQI quantization, CSI-IM was introduced in Rel 11 to measure network controlled interference hypotheses. Single shot interference measurement restriction was introduced in Rel 13 to provide fast tracking of interference hypotheses. Similar discussion is also ongoing in Rel 14 FD-MIMO WI and MUST WI. The motivations of improving CQI quantization can be related to different aspects, for example CQI accuracy, eNB scheduling flexibility, signalling overhead, etc. 
· In terms of QCL assumption for CSI measurement required for NCJT Case 1, it may be similar with Rel 11 where a CSI-RS resource or a CSI process can be QCLed with indicated CRS pattern if applicable. 
Therefore, we propose to study further whether NCJT Case 1 needs CSI measurement enhancements beyond Rel 13 and Rel 14 MIMO enhancement. 
Proposal 5: Study CSI measurement requirements for NCJT Case 1 taking into account Rel 13 and Rel 14 MIMO CSI enhancements

Backhaul issues related to NCJT
One of interesting facts of NCJT Case 1 is that it does not require data synchronization among cooperative TPs.  Transmission synchronization may be still necessary so that data arriving time from multiple TPs will be within the CP from the UE perspective. Data streams transmitted from cooperative TPs separately means that capacity requirements of backhaul or fronthaul can be relieved more or less. The assumption of ideal backhaul will provide an upper-bound performance of NCJT in Rel 14. However, it is worth studying the possibility of using NCJT Case 1 with non-ideal backhaul, similar with eCoMP in Rel 11. The impact of backhaul delay may be related to CSI exchange delay, scheduling delay, etc. The study of backhaul related issues will improve the confidence of NCJT case 1 implementation given imperfection of real network synchronization. 
Proposal 6: Study the impact of NCJT case 1 assuming non-ideal backhaul

4. Preliminary SLS Results of NCJT Case 1 
In this section, we have presented our preliminary SLS results for 3D UMi scenario with bursty traffic around 15% RU. Assuming 8Tx and 4Rx, the maximal transmission rank per UE is up to 4. For NCJT case 1, the maximal transmission rank per TP per CW for CoMP UE is restricted to 2. For CSI feedback, wideband CSI per TP is assumed. The bandwidth allocation of two CWs is assumed perfectly aligned for the UE, i.e. Scheme #1. Both MMSE-IRC and CWIC receivers are considered here. Further investigation will look at scheduling optimization, coordination threshold settings, subband reporting etc. More SLS results will be updated thereafter. 
	DL MIMO Configuration
	DL CoMP Configuration
	Feedback 
Configuration
	UE Receiver
	Mean UE Tput (Mbps) 
Cell Edge UE Tput (Kbps)
	PRB Utilization

	SU-MIMO BASELINE 
8X4
	N/A 
(Single Cell Scheduling)
	LTE 8TX CBOOK 
WB CQI, PMI, RI
Max rank = 4
	4RX IRC
	51.4(100%) 
17.5(100%)
	14%

	DPS 
8x4
	3-site Coordination Area 
2 strongest TPs per UE
	Per TP 
LTE 8TX CBOOK
WB CQI, PMI, RI
Max rank = 4
	
	52.1(101%) 
16.7(95%)
	13%

	Non-coherent JT Case 1

	3-site Coordination Area 
1 or 2 strongest TPs per UE
(CoMP coord. threshold = 8 dB)
	Per TP 
LTE 8TX PMI, RI
Joint
WB CQI
	
	53.2 (103%) 
18.2(104%)
	17%

	
	3-site Coordination Area 
1 or 2 strongest TPs per UE
(CoMP coord. threshold = 8 dB)
	Per TP 
LTE 8TX CBOOK
WB CQI, PMI, RI
 (Weaker CQI assumes cancellation of the stronger TP)
	4RX CWIC
	55.8 (108%) 
17.5(100%)
	17%


Table 2 SLS Results for NCJT Case 1 in 3D UMi (8Tx and 4Rx)



5. Conclusions
This contribution has provided our understanding and preliminary SLS results for NCJT Case 1 in FeCoMP. By taking into account recent development of advanced receiver and other changes, those schemes may be beneficial whilst network loading is low to medium, as a mean of network load balancing. Some specific areas that need to be considered during the study:
Proposal 1: Study the possibility of supporting more than one TP per CW for NCJT Case 1 and strive for a unified enhancement for all Rel 14 NCJT cases 
Proposal 2: Study the necessity of additional combinations of transmission ranks for NCJT Case 1. 
Proposal 3: Study enhancements of NCJT control signalling at CW level, for example CRS RM, QCL, resource allocation, and etc per CW. 
Proposal 4: Study NCJT control signalling framework, for example with separated DCIs using legacy DCI format 2D and NCJT DCI for NCJT Case 1.  
Proposal 5: Study CSI measurement requirements for NCJT Case 1 taking into account Rel 13 and Rel 14 MIMO CSI enhancements
Proposal 6: Study the impact of NCJT case 1 assuming non-ideal backhaul
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