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Introduction
At RAN#87 meeting, the following WF on network coordination was agreed [1]:

· NR supports both semi-static and dynamic network coordination schemes
· Study flexible structures of ‘RS/IM’, ‘CSI measurement’, and ‘CSI reporting’ settings
· Support actual interference measurement
· E.g. analogous with LTE CSI-IM
· FFS: Emulated interference assessment with different interference hypotheses
· Required number of measurement sets should be studied including higher layer and L1 signaling design
· Support at least following coordination schemes taking into account beam/precoding coordination
· DPS/DPB
· CS/CB
· FFS: Coherent/non-coherent JT
· Whether each scheme requires specification support or not is FFS
In this contribution we address implementation details of downlink non-coherent transmission from multiple TRPs for URLLC traffic. Within dynamic network coordination schemes, this contribution builds on [2], giving a comprehensive description of how to implement non-coherent multi-node transmission to increase the reliability of URLLC packets. Also the specification support is discussed, namely interference measurement details and the backhaul implications. The paper is organized as follows. Section 2 introduces the main principle of the proposed technique. Section 3 proposes two different implementation options and Section 4 addresses the interference measurements and the backhaul implications. Section 5 concludes with the summary of proposals.
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Non-coherent multi-node transmission for URLLC
Multi-node transmission provides robustness against both fast and slow fading, and higher redundancy, at the expense of increased resource consumption at multiple nodes. Indeed, sending the same information from different macros (aka macroscopic diversity) has been used before (e.g., MBSFN, CoMP JT, and CDMA soft handover). Within 5G studies, several works have identified it as an enabler for robustness of URLLC. See e.g. [3] for a performance evaluation accounting for the multi-user multi-cell interference that shows considerable gains in the SINR outage performance (e.g., at 10-5), which is essential to provide the URLLC service with the required reliability.  

The set of TRPs serving a certain UE is typically referred to as the active set. A macroscopic diversity window is commonly applied for choosing the TRPs in the active set; i.e. for each UE, the set of serving TRPs is limited to those whose received power difference is within a certain window or association bias, as compared to the strongest TRP. Using an appropriate (finite) window size, much of the gain of macroscopic diversity can be obtained with a reduced resource consumption and less generated interference. 

For accommodating multi-service traffic in the 5G New Radio there should be support for dynamic and flexible non-coherent multi-node transmission of the same critical data from multiple TRP to the UE. Flexibility here refers to having the scheme activated only when beneficial. The scheme shall therefore be activated by the primary TRP (P-TRP) (the strongest in received power), such that the same data is transmitted from the involved cells, P-TRP and Secondary TRP(s) (S-TRP). Not only the data, but also duplication of the control information in the scheduling grant shall increase the reliability of the transmission. 

The optimal number of cooperating TRP(s) depends on the deployment and the interference conditions, but in general it is not desirable to have more than three cooperating cells, since adding more does typically not improve the performance but just reduce the spectral efficiency of the network. 

Proposal 1: Non-coherent multi-point transmission from one P-TRP and a maximum of two S-TRP(s) shall be used to increase the reliability of critical data. Both the data and the scheduling control information can be duplicated in the cooperating TRPs.
Proposal 2: Non-coherent multi-point transmission from P-TRP and S-TRPs shall be activated only when beneficial, i.e., when critical data is to be protected.  
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Implementation options
We propose two implementation options as illustrated in Table 1, attending to different design criteria:

· Resource allocation: primary and secondary cell(s) can use the same or different PHY resources. For the latter, the UE shall report multi-cell CSI to perform proper link adaptation at each TRP. 
· Scheduling grant (CCH): the UE scheduling grant shall be sent from both P-TRP and S-TRP(s). There are two cases:
· CCH has the same information for P-TRP and S-TRP(s), but it is replicated to increase the reliability of the scheduling grant

· CCH has different information for P-TRP and S-TRP(s)
	Operation alternatives
	Signalling
	S-TRP transmission constraints
	Scheduling grant
	Multicell CSI

	Option #A
	Transmission of the same transport block from S-TRP (s) explicitly indicated from P-TRP + S-TRP CCH
	S-TRP (s) shall transmit the same transport block on the same set of resources & same MCS as used by P-TRP
	P-TRP and S-TRP (s) (identical)
	NO

	Option #B
	Simultaneous scheduling on P-TRP and S-TRP (s) indicates that the same transport block is being transmitted to the UE. The transport block size and HARQ SAW channel information is only included in P-TRP CCH
	S-TRP (s) have the freedom to transmit on other frequency domain resources than used in P-TRP (CCH on S-TRP (s) include info of the resource allocation and MCS used from this/these cells)
	P-TRP and S-TRP (s) (different)
	YES


Table 1: Implementation options for the non-coherent multi-point transmission
In Figure 1 we illustrate options A and B. As per the resource allocation, primary and secondary TRPs(s) can use the same (Figure 1 (a)) or different PHY resources (Figure 1 (b)). Depending on the selected option, channel conditions from only the P-TRP or from all the TRPs involved in the combination have to be reported from the UE side. When the same PHY resources are used, the scheduling grant is replicated in the S-TRP (s) (Figures 1 (a)) to improve the reliability of the control plane. In any case, the CCH has the required information to activate the combination at the UE. 
The decision of whether to use option A or B depends mainly on the requirements of URLCC and other traffic in the network. Option A is tailored for very critical communications in which both the control and the data domain require extra protection. Option B still increases the reliability but with a better compromise with spectral efficiency. 
Proposal 2: Non-coherent multi-point transmission can be implemented with data duplication using different PHY resources in P-TRP and S-TRP(s) to a better tradeoff spectral efficiency-reliability; or with exact duplication of the data and control information to maximize the chances of successful reception. 
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Figure 1: Two implementation options for non-coherent multi-point transmission (a) Using same PHY resources and replication of the CCH in the P-TRP and S-TRP (b) Using different PHY resources and CCH in the P-TRP and S-TRP
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Specification support
4.1. Interference measurements
5G NR shall support similar UE CSI and interference measurements as compared to what it was included in CoMP LTE. I.e: 

· A transmission hypothesis is composed of two parts: the signal hypothesis, which specifies the TRP(s) from which the data is assumed to be transmitted; and the interference hypothesis, related to the interference suffered during the data transmission. A CSI process is determined by the association of a signal hypothesis and an interference hypothesis, which are measured through CSI-RS and interference measurement resource (IMR), respectively. 

· For the signal, CSI-RS is transmitted in each physical antenna port or virtualized antenna port. 

· For the interference, LTE CoMP defines special resource elements (RE) called interference measurement resource (IMR). The IMR is defined by a number of occupied REs that are muted in certain TRP(s), so there is no transmitted signal from those TRPs.
· The gNB can configure a UE with up to four CSI processes. For a maximum of three cooperating TRPs, there is no need to report multiple TRPs in a single CSI, but each TRP can be reported in a separated CSI [4].
Having these kind of signal and interference information reported periodically from the UE is important to support implementation option B in Table 1 and also to reinforce the link adaptation procedures in the transmitting cell. 

Proposal 3: The UE shall be configured to periodically report measurements of the signal and the interference under given hypotheses, similar as CSI-RS and IMR in LTE CoMP. These measurements shall be restricted both in time and frequency domain. 

4.2. Bakchaul

The backhaul characteristics are crucial when transmitting simultaneously the same signal from multiple TRPs. For the non-coherent multi-point transmission for URLLC, the P-TRP must activate the multi-node transmission when a URLLC packet arrives and such critical data must be available in all cooperating TRPs in a very short time (tight latency requirements). Two options should be considered:

· Centralized case with RRH and ideal backhaul:
Scenario with a centralized unit connected to the remote radio heads (RRHs) via ideal backhaul, i.e. high-speed and virtually zero latency. The RRHs can be either low power or high power TRPs. This type of scenario was also considered in past LTE-A 3GPP studies of e.g. eCoMP [5].
· Centralized case with RRH and non-ideal backhaul:
Similar as the previous scenario, but here the connection between the centralized unit and the RRHs is via non-ideal backhaul links. Typically, the CPRI/OBSAI backhaul round trip time (RTT) latency is on the order of up to 0.3-0.5 ms, while Ethernet backhaul implementations may have RTT of up to 2-5 ms for scenarios where there can be several kilometers of distance between the RRHs and the centralized unit. The latter would not be acceptable for URLLC with 1 ms latency requirement, but would still have practical relevance for more relaxed latency requirements of serveral ms.
The latency considerations above are relevant for both implementation options in Table I. 
Observation 1: The admissible round trip time latency for a multi-node transmission with non-ideal backhauls depends on the latency requirements of critical data. For instance, RTT of 2-5 ms would not be able to support URLLC with 1 ms latency requirement. 
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Conclusion
The contribution is concluded by summarizing our proposals and observations for non-coherent multi-point transmission:
Proposal 1: Non-coherent multi-point transmission from P-TRP and S-TRPs shall be used to increase the reliability of critical data. Both the data and the scheduling control information can be duplicated in the cooperating TRPs.

Proposal 2: Non-coherent multi-point transmission from P-TRP and S-TRPs shall be activated only when beneficial, i.e., when critical data is to be protected.  

Proposal 3: Non-coherent multi-point transmission can be implemented with data duplication using different PHY resources in P-TRP and S-TRP(s) to a better tradeoff spectral efficiency-reliability; or with exact duplication of the data and control information to maximize the chances of successful reception. 

Proposal 3: The UE shall be configured to periodically report measurements of the signal and the interference under given hypotheses, similar as CSI-RS and IMR in LTE CoMP. These measurements shall be restricted both in time and frequency domain.

Observation 1: The admissible round trip time latency for a multi-node transmission with non-ideal backhauls depends on the latency requirements of critical data. For instance, RTT of 2-5 ms would not be able to support URLLC with 1 ms latency requirement. 
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