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1 Introduction
At the previous meeting (RAN1 #87), the following agreements were achieved [1]

· NR supports both semi-static and dynamic network coordination schemes

· Study interference measurement details

· Including aspects related to measurement sets 

· The network coordination schemes should consider at least the following schemes:

· DPS/DPB

· CS/CB 

· Non-coherent JT

· Coherent JT

· eICIC

· Whether each scheme requires specification support or not is FFS
· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 

· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.
In this contribution, non-coherent JT-based coordinated transmission scheme is presented for NR. According to the agreed assumptions, evaluation results for Urban Macro, Dense Urban (Macro layer) scenario for full buffer and non-full buffer traffic are provided. Also a guarantee bit rate performance metric is considered.
2 Non-Coherent JT-Based Coordinated Transmission Scheme
As NR is expected to support an ever increasing number of mobile devices with ubiquitous service access, ultra-dense small cell deployment is recognized as a key enabling technique. Due to the reducing cell size, the interference gradually becomes the main performance-limiting factor. The coordinated transmission by multiple TRPs is a promising scheme to deal with the interference. Moreover, an important requirement for the NR is towards providing all users, especially cell-edge users with UE-cell-center-like experience as discussed in [2], [3]. This can be achieved by serving users with a selection of TRPs around the users, instead of TRPs forming by the network as in LTE. That is the UE-specific (or UE-centric) multi-TRP cooperating set is formed, eliminating the edge effect. As UEs move, a different more suitable set of TRPs takes the responsibility of communicating with the UEs. Although the coordinated transmission scheme shows the advantage in interference coordination, it has some practical constraints, e.g. backhaul quality, which should be considered in scheme design.
2.1 NC-JT Scheme A
Non-coherent JT (NC-JT) is a coordinated transmission scheme where transmission of the MIMO layer(s) is performed from two or more TRPs without adaptive precoding across the TRPs. Based on the mapping of codewords (CWs) to TRPs, NC-JT schemes can be classified as follows [4]:
Case 1: Different CWs are transmitted from different TRPs. Each TRP performs adaptive precoding independently

Case 2a: The same CW is transmitted from different TRPs with spatial diversity (e.g. SFBC) / spatial multiplexing

Case 2b: The same CW is transmitted from different TRPs using SFN
Case 2a/2b with the same CW transmission (dependent data streams from multiple TRPs) can be considered as a diversity combining technique to improve the received signal quality, while Case 1 with different CWs transmission (independent data streams from multiple TRPs) aims at exploiting the MIMO gains from spatial multiplexing. 
In this contribution, we focus on the scheme where different CWs are transmitted from different TRPs. As shown in Figure 1, a UE can attach two TRPs, a serving TRP1 and a cooperating TRP2. UE measures and reports CQI/PMI associated with each attached TRP. Each TRP schedules the UEs independently with its own CSI. In addition, the scheduling results from different TRPs are not exchanged. Therefore, a UE could be scheduled with two independent CWs, i.e. CW1 and CW2, from TRP1 and TRP2 respectively. Moreover, the resource allocations from different TRPs may be partially overlapped. After scheduling, multiple independent and concurrent control information can be sent to the same UE from multiple TRPs, potentially indicating different resource allocations for each CW. A linear receiver, e.g. MMSE-IRC, is used for data decoding. For the case where the same resource is scheduled by different TRPs for different data streams, an advanced receiver can be used for interference cancellation. For example, if SIC receiver is adopted, the interference from CW1 to CW2 can be eliminated.
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Figure 1: Illustration of NC-JT Scheme A
In NC-JT Scheme A, the data streams from different TRPs are independent. There is no need to share the data among TRPs. Also, the distributed scheduling is utilized, wherein each TRP schedules its UEs independently. The information such as feedback information and resource allocations does not need to be shared within the cooperating set. Therefore, NC-JT Scheme A is not very sensitive to the backhaul delay and less stringent on synchronization. It makes the scheme attractive for the non-ideal backhaul case [5] and the scenarios with fast-moving UEs or dense TRPs deployment, as the cooperating set changes frequently.
2.2 NC-JT Scheme B
Apart from NC-JT scheme A, we also present another non-coherent JT-based coordinated transmission scheme with distributed scheduling and UE-specific cooperating set. This scheme falls into the NC-JT case 1 mentioned above. Figure 2 illustrates the scheme B with dynamic link adaptation (LA) and with semi-static LA. For the dynamic LA option, dynamic MCS are used. For this case a linear receiver, such as MMSE-IRC can be used, however, multiple links to the UE would interfere each other. Nevertheless, an advanced receiver can also be used in this option. Another option with the semi-static link adaptation, the MCSs of the multiple links are known and change slowly. This allows joint reception of the data from multiple links (whether or not they are for the UE) using an advanced receiver which is a non-linear receiver e.g. SIC, message passing algorithm (MPA), SIC-MPA, MLD). The two options can also co-exist, where users using dynamic and semi-static LAs/MCSs co-exist in the same time/frequency resources. In this case, an advanced receiver should be used for UEs in different options. Moreover, either CL or OL transmission scheme can be used in the two options, or the mix can be used in the co-existent case. The choice of using CL or OL transmission depends on user condition, e.g. slow mobility users can benefit from CL transmission, while high mobility users should use OL one. For mobility handling and reliability, the semi-static LA option with OL transmission scheme can be beneficial since with known MCS and possible joint transmission and joint reception, a mobility user can be served by UE-centric cooperating set seamlessly. The reliability is also realized from joint reception and interference cancellation from the known MCS.  
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	(a) Scheme B with dynamic link adaptation
	(b) Scheme B with semi-static link adaptation


Figure 2: Illustration of NC-JT Scheme B (a) dynamic link adaptation (b) semi-static link adaptation
With a UE connecting to multiple TRPs, NC-JT Scheme B also adopts distributed scheduling without sharing feedback information and scheduling decisions within the cooperating set. Since an ideal backhaul link may not always exist, non-ideal backhaul seems like a more practical assumption [5] and this makes the scheme attractive. 
Also, multiple independent and concurrent control information can be sent to the same UE from multiple TRPs. Therefore, a UE can receive more than one control information corresponding to multiple codewords potentially communicated to/from multiple TRPs. 
Proposal: To enable NR efficient DL transmission of independent/dependent data streams from single or multiple TRPs:
· NR support multiple CSI reports from a UE associated with different TRPs.
· NR support more than one control information corresponding to multiple codewords scheduled to a UE within the same carrier.
3 Preliminary System Level Simulation Results
In this section, we present the simulation results for two scenarios: Urban Macro and Dense Urban (only Macro layer). The assumptions and parameters for the simulation are specified in Appendix A. The baseline is the non-CoMP scheme where a UE is served by only one TRP.
3.1 NC-JT Scheme A
Figure 3 presents the performance gain of NC-JT scheme A over the baseline with SU-MIMO in terms of 5% UPT, 50% UPT and mean UPT at 20%, 40% and 60% resource utilization (RU) respectively. In the simulation, UE can attach two TRPs with the largest RSRPs. For rank-1 case, the baseline is rank 2 with rank adaptation. Similarly, for rank-2 case, the maximum rank is four for the baseline. Rank adaptation is used for both schemes.
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(a) RU≈20%, Dense Urban                                                       (b) RU≈20%, Urban Macro
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(c) RU≈40%, Dense Urban                                                       (d) RU≈40%, Urban Macro
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(e) RU≈60%, Dense Urban                                                       (f) RU≈60%, Urban Macro
Figure 3: Performance gain of NC-JT scheme A over the baseline (SU-MIMO)
In Figure 3, all the three types of UPT performance are improved by utilizing NC-JT Scheme A, especially the 5% UPT which has over 60% gain at 20% RU and over 20% gain at 60% RU. The improvement results from two aspects. For UE, more layers are supported from multiple TRPs with joint transmission. From the aspect of TRP, there are more UEs to be selected for scheduling. As the traffic load becomes large, the performance gain decreases since it is less likely to schedule a UE by multiple TRPs. In general, the UPT gain is more obvious for Dense Urban scenario.
The performance gain of NC-JT scheme A over the baseline with MU-MIMO is shown in Figure 4. For rank-1 and rank-2 cases, the baseline is also rank-1 and rank-2, respectively. Rank adaptation is used for both schemes. NC-JT Scheme A also significantly outperforms the non-CoMP scheme in 5% UPT, 50% UPT and mean UPT. The 5% UPT performance gain is from 25.86% to 93.37% for Dense Urban scenario and ranges between 15.62% and 80.88% for Urban Macro scenario.
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(c) RU≈40%, Dense Urban                                                       (d) RU≈40%, Urban Macro
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(e) RU≈60%, Dense Urban                                                       (f) RU≈60%, Urban Macro
Figure 4: Performance gain of NC-JT scheme A over the baseline (MU-MIMO)
Observation 1: NC-JT scheme A can significantly improve the UPT performance over the non-CoMP scheme for non-full buffer traffic. Specifically,
· The 5% UPT gain is more obvious for low traffic load.
· The UPT gain for Dense Urban scenario is more obvious than that for Urban Macro scenario
3.2 NC-JT Scheme B
3.2.1 Full buffer traffic

For full buffer traffic performance evaluations, the NC-JT scheme B with OL transmission is considered. Moreover, cell aggregated throughput and 5th percentile user throughput (coverage) gains of the NC-JT over OL SU non-CoMP (baseline) are provided. Open-loop transmission schemes are beneficial for scenarios with high mobility users, since they are less sensitive to channel aging/estimation errors and require less feedback overhead. Furthermore, user experience satisfying a guaranteed bit rate (GBR) is also considered. System capacity in terms of the number of supported users satisfying a given GBR is provided. 
3.2.1.1 Scheme B with dynamic LA

In this section, we present the results of the NC-JT scheme B with dynamic LA as shown in Figure 5 REF _Ref469320838 \h 
 \* MERGEFORMAT . The results show that the NC-JT scheme provides the coverage gains of 15-26%. In this case, the coverage gains are obtained mainly due to NC-JT with UE-specific cooperating set, i.e. a UE can be served by multiple TRP at the same time, without requiring an advanced receiver. 
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Figure 5: Performance gain of NC-JT scheme B with dynamic LA over SU-OFDMA non-CoMP
To strive for providing ubiquitous service (i.e. a more uniform QoS) using the UE-specific NC-JT scheme, we also consider the guaranteed bit rate performance metric. To evaluate GBR performance, the proportional fair (PF) utility function is modified to take into account a GBR-dependent barrier function, which is dominant only if a UE rate is below a GBR target. 
Figure 6 REF _Ref469825848 \h 
 \* MERGEFORMAT  presents the GBR performance of the NC-JT and the baseline for GBR of 1.125Mbps. The performance metric is the system capacity in terms of total supported UEs vs the percentage of satisfied UEs. The results show that at 95% of UEs satisfying GBR of 1.125Mbps, the scheme 2 can support 39% and 46% more number of UEs than the baseline for Dense Urban and Urban Macro scenarios, respectively.
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Figure 6: GBR Performance of the NC-JT scheme B with dynamic LA over SU-OFDMA non-CoMP
3.2.1.2 Scheme B with co-existence of dynamic and semi-static LAs

Figure 7 presents the performance gains of the NC-JT scheme B with co-existence of UEs with dynamic and semi-static LAs over the baseline.  REF _Ref469320838 \h 
 \* MERGEFORMAT  The results show that shows that the NC-JT scheme provides the coverage gains of 92-97%. The considerable coverage gain is obtained due to multiple factors, i.e. UE-specific cooperating set, co-existent of UEs using dynamic and semi-static LAs, the joint transmission from multiple TRPs and the advanced receiver (i.e. SIC receiver) with the knowledge of semi-static MCS from cooperating TRPs for used in joint reception of multiple data streams and/or interference cancellation.  
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Figure 7: Performance gain of the NC-JT scheme B with co-existence of UEs with dynamic and semi-static LAs over SU-OFDMA non-CoMP

Figure 8 REF _Ref469825848 \h 
 \* MERGEFORMAT  presents the GBR performance of the NC-JT and the baseline for GBR of 1.125Mbps for UDN. The results show that at 95% of UEs satisfying GBR of 1.125Mbps, the scheme 2 can support 62% and 64% more number of UEs than the baseline for Dense Urban and Urban Macro scenarios, respectively.
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Figure 8: GBR Performance of the NC-JT scheme B with co-existence of UEs with dynamic and semi-static LAs over SU-OFDMA non-CoMP
3.2.2 Non-full buffer traffic

For non-full buffer traffic, OL SU transmission and a linear receiver are considered for both NC-JT Scheme B and the baseline. Figure 9 shows the performance gain of the NC-JT scheme B with dynamic LA over SU non-CoMP in terms of 5% UPT, 50% UPT and mean UPT at 20%, 40%, 60% and 80% RUs for Urban Macro and Dense Urban scenarios. 
In this case, the considerable UPT gain is obtained by utilizing NC-JT scheme B with dynamic LA, especially the 5% UPT in Dense Urban scenario due to the fact that the ISD is small and cell-edge UEs can benefits from the joint transmission of UE-specific serving TRPs.
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      Figure 9: Performance gain of NC-JT scheme B with dynamic LA over SU-OFDMA non-CoMP under different RUs for non-full buffer traffic
Observation 2: NC-JT scheme B can provide considerable guaranteed bit rate performance gains over non-CoMP baseline for full buffer traffic, and significant coverage gains over the baseline for both full/non-full buffer traffic.
4 Conclusions
In this contribution, two non-coherent JT-based coordinated transmission schemes and their evaluation results for Urban Macro and Dense Urban (Macro layer) scenarios are provided. Then, we have the following observations and proposal:
Observation 1: NC-JT scheme A can significantly improve the UPT performance over the non-CoMP scheme for non-full buffer traffic. Specifically,

· The 5% UPT gain is more obvious for low traffic load.
· The UPT gain for Dense Urban scenario is more obvious than that for Urban Macro scenario
Observation 2: NC-JT scheme B can provide considerable guaranteed bit rate performance gains over non-CoMP baseline for full buffer traffic, and significant coverage gains over the baseline for both full/non-full buffer traffic.
Proposal: To enable NR efficient DL transmission of independent/dependent data streams from single or multiple TRPs:
· NR support multiple CSI reports from a UE associated with different TRPs.
· NR support more than one control information corresponding to multiple codewords scheduled to a UE within the same carrier.
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Appendix A
	Parameters
	Urban Macro
	Dense Urban (Macro layer)

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System Bandwidth
	Scheme A: 20MHz
Scheme B: 10MHz

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	ISD
	500m
	200m

	Minimum distance
	35m

	Channel model
	3D UMa

	TP Tx power
	Scheme A: 49dBm/20MHz
Scheme B: 46dBm/10MHz
	Scheme A: 44dBm/20MHz
Scheme B: 41dBm/10MHz

	TP antenna configuration
	θetilt=100 degree
	θetilt=104 degree

	
	X-pol (+/-45), (dH, dV) = (0.5, 0.8) λ,
Scheme A: (M, N, P, Mg, Ng) = (2,4,2,1,1)
Scheme B: (M, N, P, Mg, Ng) = (8,2,2,1,1)

	TP antenna port
	Scheme A: 16 ports

Scheme B: vertical virtualization to 4 ports

	TP antenna pattern
	According to TR 36.873

	TP antenna height
	25m

	UE antenna configuration
	Cross Pol

Scheme A: (M, N, P, Mg, Ng) = (1,2,2,1,1)
Scheme B: (M, N, P, Mg, Ng) = (1,1,2,1,1), the mapping matrix following TR36.873 Table 7.1-1

	UE antenna pattern
	Omnidirectional

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE dropping
	indoor UE 80%, outdoor UE 20%
Full buffer: uniformly deployed average 10 UE/sector

	UE speed
	indoor UE 3km/h, outdoor UE 30km/h

	UE receiver
	Baseline: MMSE-IRC

NC-JT scheme A: IRC+SIC
NC-JT scheme B dynamic LA: MMSE-IRC

NC-JT scheme B co-existent of dynamic and semi-static LAs: IRC+SIC

	Association of UE to TRP
	Baseline: RSRP for intra-frequency

NC-JT scheme A: attach to 2 TRPs with highest RSRPs
NC-JT scheme B: attach to 3 TRPs with highest RSRPs

	Transmission scheme
	1) Closed-loop rank 1 and 2 SU-MIMO
2) Open-loop rank1 SU-MIMO
3) MU-MIMO

	Traffic model
	Non full buffer, S=0.5Mbytes
Scheme1: FTP traffic model 1
Scheme2: FTP traffic model 3

	Traffic load
	20%, 40%, 60%, 80%(optional)

	Handover margin
	3dB

	Backhaul link delay
	0ms


Appendix B
Table 1  Actual RUs of Figure 3, where target RUs are for baseline
	Dense Urban
	 Rank 1
	Rank 2

	
	NC-JT Scheme A
	baseline
	NC-JT Scheme A
	baseline

	RU≈20%
	24.69%
	17.67%
	22.64%
	17.92%

	RU≈40%
	57.79%
	42.39%
	48.52%
	39.08%

	RU≈60%
	73.43%
	55.22%
	77.88%
	61.47%

	Urban Macro
	Rank 1
	Rank 2

	
	NC-JT Scheme A
	baseline
	NC-JT Scheme A
	baseline

	RU≈20%
	31.78%
	23.31%
	22.32%
	18.39%

	RU≈40%
	61.41%
	44.30%
	49.68%
	40.92%

	RU≈60%
	76.78%
	56.36%
	77.79%
	62.39%


Table 2  Actual RUs of Figure 4, where target RUs are for baseline
	Dense Urban
	Rank 1
	Rank 2

	
	NC-JT Scheme A
	baseline
	NC-JT Scheme A
	baseline

	RU≈20%
	23.59%
	20.59%
	22.64%
	17.61%

	RU≈40%
	44.93%
	39.13%
	53.39%
	40.62%

	RU≈60%
	73.16%
	60.29%
	82.03%
	61.35%

	Urban Macro
	Rank 1
	Rank 2

	
	NC-JT Scheme A
	baseline
	NC-JT Scheme A
	baseline

	RU≈20%
	24.45%
	23.12%
	29.07%
	23.06%

	RU≈40%
	48.33%
	41.62%
	55.54%
	42.75%

	RU≈60%
	76.38%
	62.57%
	83.78%
	63.40%


Table 3: Actual RUs of Figure 9, where target RUs are for baseline

	Dense Urban
	NC-JT Scheme B with dynamic LA
	baseline

	RU≈20%
	25.18%
	17.60%

	RU≈40%
	60.63%
	44.71%

	RU≈60%
	81.90%
	59.98%

	RU≈80%
	96.15%
	77.19%

	Urban Macro
	NC-JT Scheme B with dynamic LA
	baseline

	RU≈20%
	24.22%
	17.45%

	RU≈40%
	58.66%
	44.45%

	RU≈60%
	79.26%
	58.87%

	RU≈80%
	94.49%
	76.16%


