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Discussion and Decision
1
Introduction
At the RAN#87 meeting, the following WF on NR network coordination was agreed [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 [2], we proposed the support of downlink on-demand coordinated power boost and muting to increase the reliability of URLLC transmissions. The main principle, illustrated in Figure 1, consists of boosting a contiguous block of time-frequency resources with scheduling grant and corresponding data transmission, and partial or complete mute of the same contiguous block of time-frequency resources in the dominant interferer. We consider a multiservice scenario in which services with heterogeneous requirements coexist. The solution is on-demand, i.e., only applied when critical data is to be protected. 
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Figure 1: Simple illustration of joint power boost and cell muting to protect a victim user. 

In this contribution, we give a more comprehensive description of the standardization impact. In Section 2 we address the dynamic power boost and the consequences for the power control dynamic range and the EVM. In Section 3 we discuss the standardization effort in terms of Xn coordination and interference measurements at the UE to have dynamic coordinated muting supported. Section 4 concludes the contribution with a set of proposals.
2. Power control dynamic range for dynamic power boost
When boosting some PRBs, both the maximum power boost B (and corresponding deboost D of the rest of PRBs) shall be restricted to minimize the standardization impact and Error Vector Magnitude (EVM) requirements. For example, the dynamic range in LTE is given by Table I.
Table I. E-UTRA BS RE power control dynamic range [3]
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0


As observed, higher power boost/deboost should come with modulation constraints as well, to limit the increase in the dynamic range of a resource element power within an OFDM symbol. In addition, a larger dynamic range yields degradation in the EVM. 
Proposal 1: The maximum value of allowed power boosting and deboosting shall be limited to minimize the standardization impact and EVM requirements. 
3. Xn and interference measurements for dynamic coordinated muting

3.1. Xn considerations 

When implementing dynamic coordinated muting, the admissible adaptation rate is subject to backhaul latency constraints, and/or potential fronthaul latency constraints for centralized RAN implementations with RRHs. Nevertheless, there shall be support via exchange of inter-cell (inter-TRP) coordination messages on backhaul links between TRPs, as well as for centralized RAN implementations with fronthaul connections and RRHs. 
To keep orthogonal blocks of protected time-frequency resources, we propose to divide the total amount of PRBs into N pools, with identifiers and position in the grid that are known by all cells in the network. Moreover, each cell keeps a list of the most relevant interferers for the coordination. The length of this list (MAX) is not too large even in dense scenarios, since only UEs with low SINR and high DIR will be candidates for the protection. It has been observed that in 3GPP scenarios and in dense real operator scenarios MAX is rarely larger than 3. The orthogonality among pools of interfering cells can be easily ensured setting 

N = MAX + 1

I.e., for MAX = 3 we can set N = 4. Keeping the orthogonality is important to avoid conflicts in the coordination: cell A and B are interfering each other and want to protect resources X, asking each other to mute. Note that in an on-demand scheme [2] all cells are using all the available PRBs by default.
Figure 2 shows a sketch of the process for a backhaul architecture with distributed coordination. The process is split into two phases:

· Negotiation phase. The predefined protected pools for each pair aggressor-victim are configured. This negotiation works in a slow basis. Nevertheless, the negotiation phase can be repeated when needed to adjust the resource allocation when e.g., traffic and/or interference conditions have changed.

· Data transmission phase. When protected data arrives, the power boost/muting in the corresponding pool is activated, with a muting request to the aggressor cell. This phase works in a fast basis, given the latency requirements of URLLC traffic. 
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Figure 2: Inter-cell coordination of power boost and muting. 

Proposal 2: In a distributed architecture, the potentially protected PRBs shall be prearranged by the pair aggressor-victim in a slow basis, and prior to the data transmission.  

Proposal 3: The total amount of PRBs is divided into 4 orthogonal pools. Each cell shall negotiate via Xn the preferred pool with the most relevant interferers for the protected critical users. 
The negotiation phase is as follows. The cell starting the negotiation will send a request (Protected pool: status request) to one of the interferers in the list, to know which pool the interferer is protecting. The interferer replies with Protected pool: status (id), which includes the id of the pool. Once the information from all the relevant interferers is collected, the cell starting the negotiation will choose a possibly orthogonal pool and inform the neighbours with Protected pool: status (id) including the selected id. 
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Figure 3. Example of negotiation for pool selection with MAX = 2 and N = 3. 
3.2. Interference measurements 

The RAN1#86bis agreement proposes two options as follows:

· Measurement subsets in both time and frequency domain 
· Interference measurement restriction in both time and frequency domain
This is relevant for having dynamic muting coordination, where the channel and interference measurement restrictions may be utilized by the scheduler to reinforce the link adaptation.
· CSI-RS / IMR
It is desirable to have in the NR 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.
Having these kind of signal and interference information reported periodically from the UE is important to reinforce the link adaptation procedures in the transmitting cell. The idea behind is that the transmitting cell has knowledge of the interference variability provoked by neighboring ON/OFF cells and can choose the best MCS at each TTI. 

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. 

· DIR and IQI
The decision of muting some PRBs calls for a good understanding of the interference distribution between base stations and devices, where the interference sources for a device are sorted from the strongest -- the dominant interferer (DI) -- to the weakest. A good metric capturing the predominance of a single dominant interference is the dominant interference ratio (DIR), defined as the ratio between the DI and the rest of the perceived interference, shown mathematically as
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The improvement in signal to interference and noise ratio (SINR) from interference cancellation of the DI is proportional to the DIR, giving a fine estimation of whether there is significant benefit from muting uniquely the DI, or if the benefit requires suppressing not only the DI but also weaker interferers. For the latter, the cost in terms of resources in the aggressor cells might be too high for the benefit in the victim UE. In general, the decision of muting will be conditioned to the URLLC and other traffic requirements in the network (i.e. how critical is the URLLC transmission, how much resources can be sacrificed to guarantee such reliability). To take this decision, the information of the current DIR is a good complement to the SINR. 

Observation 1: The benefits and cost of a muting decision might be quantified with the combined information of SINR and DIR.
Similar as for the CQI and the SINR, the DIR shall be mapped into a metric, the Interference Quality Indicator (IQI) with values e.g. ranging from 1 to 15 (4 bits), where each value represents one interval of measured DIR (see Figure 2). The definition of the threshold values for this mapping is FFS. The UE will add this information to the Channel State Information (CSI) report. 
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Figure 1: Example of IQI and DIR mapping with 4 bits. 

Proposal 4: The UE shall report the Interference Quality Indicator (IQI) capturing the Dominant to Interferer Ratio (DIR) in the CSI. 

4. Conclusion
The contribution is concluded by summarizing our proposals: 

Proposal 1: The maximum value of allowed power boosting and deboosting shall be limited to minimize the standardization impact and EVM requirements. 
Proposal 2: In a distributed architecture, the potentially protected PRBs shall be prearranged by the pair aggressor-victim in a slow basis, and prior to the data transmission.  

Proposal 3: The total amount of PRBs is divided into 4 orthogonal pools. Each cell shall negotiate via Xn the preferred pool with the most relevant interferers for the protected critical users. 
Observation 1: The benefits and cost of a muting decision might be quantified with the combined information of SINR and DIR.
Proposal 4: The UE shall report the Interference Quality Indicator (IQI) capturing the Dominant to Interferer Ratio (DIR) in the CSI. 
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