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1 Introduction
At the previous meeting (RAN1#86bis), the following agreements were achieved [1]
· For coordinated transmission schemes for NR:
· Support different types of coordinated transmission schemes for NR
· Strive for commonality in supporting the different types of coordinated transmission schemes for NR
· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers
· Consider information related to interfering signals for interference suppression and cancelation at UE side
· As a baseline, consider NAICs receivers structures in LTE
 Moreover, the following agreements were achieved [1]
· “For NR network coordination schemes, following three deployment scenarios are encouraged to be evaluated in phase 1

· Indoor hotspot, dense urban, urban macro…”
In this contribution, we present open-loop coordinated transmission techniques for NR. We focus on mobility handling in deployments without tight requirements in terms of signalling, backhaul, time/frequency synchronization and feedback. Downlink centralized and distributed scheduling schemes and their levels of cooperation are presented together with some preliminary SL evaluation results.  
2 Discussion
2.1 UE-Specific Cooperating Set

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]. To improve cell-edge users experience, some levels of coordination between network nodes/TRPs for interference management should be considered. This can be achieved by serving users with a selection of TRPs around the users, instead of TRPs forming by the network. 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. 

Cooperating sets for different UEs can be (partially) overlapped; this is because the sets are formed in UE-centric manner.  Moreover, the cooperating sets for the same UE at different times can be (partially) overlapped, as the sets can be updated as required. Here, the cooperating set is defined similar to the CoMP cooperating set [4], i.e. the TRP set that participates directly or indirectly in data transmission to a UE at time-frequency resource. To support the UE-centric cooperating set, this implies that the measurement set (defined similar to the one in [4]) has to also be UE-specific and can be updated. This requires CSI-RS ports to be configurable by the network. Moreover, different UEs can share the same CSI-RS resource. In NR, the transparency of CSI-RS/DM-RS ports from actually physical TRPs should be extended beyond the TRPs under the macro cell coverage as in CoMP scenario 4 [4]. This is because an NR cell expects to cover a larger number of TRPs, and multiple NR cells can be overlapped. With the transparency, the NR-cell TRPs are pooled together such that UE-centric cooperating set feature can be easily realized to provide UE-cell-center-like experience. Such UE-specific cooperating set is realized by associating UE-specific subset of CSI-RS ports which can be updated as required. Also, the transparency provides seamless mobility to UE as it does not need to know the updated cooperating set, only the associated CSI-RS/DM-RS ports as it moves.
As nodes become denser, this feature becomes more relevant due to small coverage area of a node and user mobility. The process should provide a reliable connection to users with high spectral efficiency while maintaining a low overhead. 
Proposal 1: To support network controlled coordinated transmission, the CSI-RS/DM-RS ports are associated with the NR cell instead of the TRPs, where the NR cell encompasses multiple TRPs, with 
· UE-specific CSI-RS configuration
· Different UEs can share the same CSI-RS resource.

· UE-specific subset of CSI-RS ports are used for measurement and feedback.

· UE-specific transmission, cooperating set and measurement set can be transparent to UE in NR

· Mapping of CSI-RS/DM-RS resources to TRPs/beams should be transparent to the UEs within a given NR-cell and for a given transmission scheme.
2.2 Open-Loop Coordinated Transmission Schemes for Mobility Support
For scenarios with high speed users, open-loop (OL) coordinated transmission schemes should be considered, since they are less sensitive to channel aging/estimation errors and require less feedback overhead. Here, we consider OL transmission schemes where transmit TRP(s), each uses OL transmission scheme, e.g. space frequency block coding (SFBC), OL spatial multiplexing (SM), to transmit independent data stream(s). In such cases, DMRS-based OL transmission schemes should be supported in NR.  Moreover, the multi-TRP coordination is defined in the sense that multiple TRPs participate in the scheduling decision, and/or the transmission to the same UE. In the dense deployment with an anticipated large number of CSI-RS ports for UEs to measures/report channel state information, this results in a large amount of feedback overhead and makes OL schemes more appealing. Moreover, with user mobility, such reporting needs to be done more frequently due to channel aging, and channel estimation errors increase. Furthermore, open-loop schemes do not need complete CSI information, i.e. only CQI is required, not PMI, this again results in less feedback overhead. For practical solutions with user mobility support in mind, the design focus should be on less stringent requirements on synchronization and/or coordination exchange between TRPs, e.g. DPS, non-coherent JT.

Proposal 2: Different open-loop coordinated transmission schemes should be supported in NR, including 

· Based on DPS: the selected TRP uses an OL transmission scheme, e.g. diversity scheme (e.g. SFBC) or OL spatial multiplexing (SM) to transmit data stream(s)

· Based on non-coherent JT: independent data streams to UE are simultaneously transmitted from multiple TRPs, where each TRP uses OL transmission scheme, e.g. diversity scheme (e.g. SFBC) or OL SM.
Proposal 3: NR should support DM-RS-based OL transmission schemes

2.2.1 Centralized Scheduling Schemes 

In centralized scheduling, multiple TRPs schedule theirs UEs based on shared feedback information and scheduling results are shared. Centralized scheduling schemes, e.g. DPS, non-coherent JT, that do not require tight time/frequency synchronization between TRPs can be considered. To offer UE-cell-center-like experience, the cooperating set can change as UE condition changes. 

An example of a centralized scheduling scheme based on DPS is shown in Figure 1, where one TRP is dynamically selected for transmission within a UE-specific cooperating set in a time-frequency resource.
Regarding the measurement set, a UE can perform channel measurement and feedback for different CSI-RS ports, which should be configurable in UE-specific manner. Hence, a cooperating set can also be configurable in UE-specific manner.
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Figure 1: Centralized scheduling schemes based on DPS 
2.2.2 Distributed Scheduling Schemes 
In distributed scheduling schemes, each TRP schedules its UEs independently without sharing feedback information and scheduling decisions within cooperating set. Since an ideal backhaul link may not always be possible, such the schemes become attractive. Moreover, they are also suitable for scenarios with mobility UEs or dense TRPs deployment, as cooperating TRPs change frequently. 

Figure 2 illustrates a distributed scheduling scheme, with 2-tier overlaid transmissions at each TRP with power sharing between them. The overlaid transmissions are inspired by open-loop multi-user multiplexing. Tier 1 transmits with higher power using a known attribute (e.g. low MCS, SCMA codebooks/layers if SCMA is used) likely to serve cell-edge UEs. Tier 2 transmits with low power using adaptive (high) MCS likely to serving cell-center UEs to improve system throughput. For data decoding, tier 1 users perform joint reception to decode tier 1 data associated with DM-RS ports of the cooperating set. An advanced receiver which is a non-linear receiver e.g. SIC, message passing algorithm (MPA), SIC-MPA, MLD), can be used in the joint reception. A DMRS-based OL transmission scheme can be used for both centralized and distributed scheduling schemes, especially using SFBC in tier 1 distributed scheme. Closed loop schemes (using DM-RS) may also be used for centralized and tier 2 distributed schemes. For this scheme, tier 1 attributes (e.g. MCS), transport block size, CSI-RS ports associated with a UE-specific cooperating set and DM-RS ports, need to be signaled to the UE, via high-level signaling, for data decoding and/or interference cancellation. Tier 1 users feedback low overhead CQIs (1- or few bits) related to their ability of jointly decoding tier 1 layers. For tier 2, CSI-RS and feedback mechanism depend on the used underlying transmission scheme, which can be different from that of the tier 1. 
For mobility handling and reliability, it is possible to consider only tier 1 layer since with low MCS and possible joint transmission (from multiple TRPs without scheduling coordination) 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 tier 1 known MCS.   
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Figure 2: Distributed scheduling scheme for multi-TRP cooperation 
In this scheme, multiple TRPs are allowed to schedule the same user independently. Hence, the distributed scheduling schemes with non-coherent JT are realized. Since each TRP schedules its own UEs independently, this provides low scheduling complexity, and no CQI information and scheduling decision exchange between TRPs is required. This makes the distributed schemes easy and flexible for mobility management and appealing for non-ideal backhaul scenarios.  Similar to centralized scheme, a cooperating set can be configurable in UE-specific manner, due to configurable CSI-RS ports. 
Proposal 4: NR should support an advanced receiver at the UE for interference cancellation and/or joint reception of multiple data streams (associated with the same or different TRPs). Signaling associated with those signals such as MCS, CSI-RS ports, DM-RS pattern and transport block size of such data streams should be supported.    

Proposal 5: NR should support multiple CQI reports from a UE associated with different CSI-RS ports and port sets and each CQI can be of different granularities. 
Proposal 6: NR should study coordinated transmission schemes, e.g. DPS, non-coherent JT, for ideal/non-ideal backhaul scenarios and/or high speed users scenarios, using 

· centralized scheduling, where multiple TRPs schedule theirs UEs based on shared feedback information within the cooperating set

· distributed scheduling, where each TRP schedules its UEs independently without sharing feedback information within the cooperating set

2.3 Preliminary Simulation Studies 
2.3.1 Centralized Scheduling Schemes 

We consider dense urban scenario and full buffer traffic. The centralized CoMP scheme (C-CoMP) based on DPS with the UE-specific cooperating cluster of size 3, combined with open-loop multi-user (OL-MU) scheme (similar to MUST). The latter is considered since it provides system spectral efficiency improvement. The detailed configuration is shown in Table 1 in the Appendix. 

Figure 3 illustrates the cell aggregated throughput gain and 5th percentile user throughput (coverage) gain of C-CoMP over single user (SU) OFDMA non-CoMP baseline. The results show throughput and coverage gains of 18% and 55%, respectively. In this case, the throughput gain is mainly from OL-MU, while the coverage gain is from both DPS with UE-specific cooperating set and OL-MU.  
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Figure 3: Performance gain of the DPS-based centralized scheme over SU non-CoMP
2.3.2 Distributed Scheduling Schemes 

For the performance evaluation of the open-loop distributed CoMP (D-CoMP) scheme, we consider SCMA in tier 1 and OFDMA in tier 2. Note, however, that OFDMA or SCMA can be used in either tier. Moreover, the dense urban scenario and full buffer traffic are considered.  Figure 4 shows the cell throughput and coverage gains of D-CoMP over SU OFDMA non-CoMP. Throughput and coverage gains of 8% and 87%, respectively, are achieved. In this case, the considerable coverage gain is obtained due to multiple factors, i.e. UE-specific cooperating set, multi-user multiplexing benefit from the two tiers, the joint transmission from multiple TRPs and the advanced receiver (i.e. SIC receiver) with the knowledge of tier 1 MCS from cooperating TRPs for used in joint reception of multiple data streams and/or interference cancellation.  
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Figure 4: Performance gain of the distributed scheduling scheme over SU non-CoMP 
 Observation1: The OL centralized and distributed scheduling schemes can provide significant coverage gains over non-CoMP scheme

3 Conclusions

In this contribution, the benefits of open-loop coordinated transmission schemes and the support needed for some candidate schemes are discussed. The following have been observed and proposed:
Observation1: The OL centralized and distributed scheduling schemes can provide significant coverage gains over non-CoMP scheme.
Proposal 1: To support network controlled coordinated transmission, the CSI-RS/DM-RS ports are associated with the NR cell instead of the TRPs, where the NR cell encompasses multiple TRPs, with 
· UE-specific CSI-RS configuration
· Different UEs can share the same CSI-RS resource.

· UE-specific subset of CSI-RS ports are used for measurement and feedback.

· UE-specific transmission, cooperating set and measurement set can be transparent to UE in NR

· Mapping of CSI-RS/DM-RS resources to TRPs/beams should be transparent to the UEs within a given NR-cell and for a given transmission scheme.
Proposal 2: Different open-loop coordinated transmission schemes should be supported in NR, including
· Based on DPS: the selected TRP uses an OL transmission scheme, e.g. diversity scheme (e.g. SFBC) or OL spatial multiplexing (SM) to transmit data stream(s)

· Based on non-coherent JT: independent data streams to UE are simultaneously transmitted from multiple TRPs, where each TRP uses OL transmission scheme, e.g. diversity scheme (e.g. SFBC) or OL SM.
Proposal 3: NR should support DM-RS-based OL transmission schemes
Proposal 4: NR should support an advanced receiver at the UE for interference cancellation and/or joint reception of multiple data streams (associated with the same or different TRPs). Signaling associated with those signals such as MCS, CSI-RS ports, DM-RS pattern and transport block size of such data streams should be supported.    

Proposal 5: NR should support multiple CQI reports from a UE associated with different CSI-RS ports and port sets and each CQI can be of different granularities. 
Proposal 6: NR should study coordinated transmission schemes, e.g. DPS, non-coherent JT, for ideal/non-ideal backhaul scenarios and/or high speed users scenarios, using 

· centralized scheduling, where multiple TRPs schedule theirs UEs based on shared feedback information within the cooperating set

· distributed scheduling, where each TRP schedules its UEs independently without sharing feedback information within the cooperating set
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Appendix  
Table 1: Simulation Assumptions 

	Attributes
	Values or assumptions for dense urban (macro only)

	
	

	Carrier frequency
	4 GHz

	ISD
	200 m

	BS antenna height
	25 m

	BS antenna configurations
	 (M, N, P, Mg, Ng) = (8,2,2,1,1), X-pol (+/-45), 0.5λ H and 0.8λ V, θetilt = 102 degrees

	BS port mapping
	 (Mtxru, N, P, Mg, Ng) = (1,1,2,1,1), the mapping matrix following TR36.873 Table 7.1-1


	Max Tx Power
	41dBm

	UE distribution
	According to Table 6-1 in TR36.873, 80% indoor (3km/h), 20% outdoor (30km/h)
Full buffer: uniform 10 UE/sector

	Traffic Model
	full buffer

	Transmission scheme
	Centralized scheme: 4x2 Rank adaptation

 Distributed scheme: 4x2 Transmit diversity


	Scheduler
	Proportional Fair scheduling, Sub-band (5RBs per RBG) 

	Layout
	Hexagonal grid, 21 sites, 3 sector/site

	System bandwidth
	10MHz (50RBs)

	Channel model
	3D UMa

	UE antenna configurations
	2Rx X-pol (0/+90)


	UE receiver noise figure
	9 dB

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Wrapping method
	Geographical distance based

	Handover margin (for calibration)
	0 dB

	Feedback
	CQI reporting every 5ms 

	HARQ scheme
	IR with up to 4 retransmissions

	OLLA
	Enabled with 10% BLER target for first transmission

	Receiver
	DCoMP scheduling: MMSE-IRC + SIC
CCoMP scheduling: MMSE-IRC
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