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1 Introduction

In the previous RAN1 meetings, the following agreements on dynamic TDD for new ratio (NR) were made [1]- [3]: 
Agreements:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

Agreements:

· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.
Agreements:

· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 

· Indication of intended DL/UL transmission direction configuration

· FFS details

Agreements:
· Definitions of metrics for CLI:

· SRS-RSRP:

· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions

· RSSI:

· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE

· For SRS-RSRP based UE-UE CLI measurement  

· At least SRS can be used for UE-UE CLI measurement

· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS

· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 

· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 

· FFS details, e.g. configuration signaling, measurement triggering mechanism

· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported

· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]

· FFS whether there is spec impact. 

· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement

· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]

· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 

· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement

· FFS whether or not to have measurement accuracy relaxation
· For RSSI based UE-UE CLI measurement  

· UE can be configured with a set of resource elements to measure UE-UE CLI interference.

· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism

· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement

· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement

· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement
· To conclude whether or not to down-select the above two approaches in the next meeting
In LTE, eIMTA was employed to support a UL-DL configuration change according to UL/DL traffic situations in a cell to improve the user average packet throughput. On the other hand, in NR, dynamic TDD can be used to improve the user average packet throughput and to achieve low latency requirement by reducing the frame alignment time. In the dynamic TDD, the transmission direction of time resources can be semi-statically or dynamically changed. This contribution considers the aspects of cross-link interference management using uplink transmit power control for the NR design.
2 Discussion 

For NR duplexing flexibility, cross-link interference (TRP-to-TRP/UE-to-UE interference) is created in case that neighboring cells are not synchronized in their transmission directions as shown in Figure 1. 
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Figure 1. Cross-link interference (TRP-to-TRP/UE-to-UE interference)

When applying the duplexing flexibility on unpaired spectrum, the cross-link interference should be handled to fulfil the performance requirement. DL/UL power control can be considered as one of potential schemes to manage the cross-link interference. 
2.1 UL power control for duplexing flexibility

In eIMTA, subframe set based power control has been introduced where two subframe sets with different open loop power control parameters (P0 and α) may be configured via RRC signaling for PUSCH/SRS UL power control of each serving cell.  P0 represents the target received power at the cell, and α is the compensation weighting factor for an estimate of the DL path loss. As described in the TR 38.802 [4], NR should support dynamically assigned transmission directions at least for data on a per-slot basis. Obviously, the design of eIMTA power control can’t fulfil the requirements of NR duplexing flexibility, since fast UL/DL switching and more flexibility of slot utilization are required. The cross-link interference and per-slot changed transmission directions need to be considered for power control of NR dynamic TDD. If we employ the power control strategy with two power control parameter sets similar to LTE, the selected set information should be explicitly/implicitly indicated to UE through DCI signaling to support the slot-based transmission direction configuration. 
We can consider two scenarios for dynamic TDD system operation. The first scenario is to configure full dynamically the slot structure for the flexible slots. The second scenario is to perform dynamic reconfiguration based on the reference DL/UL transmission direction configuration semi-statically configured by serving gNB after coordinating the reference DL/UL configuration among gNB. According to the dynamic TDD operation scenario, we could adopt different transmission power control methods. For the first operation scenario, each gNB has to decide its transmission direction of the nth slot in advance and exchange the transmission direction information among its neighbor gNBs via backhaul/OTA and informs UE the power control parameter set information to be applied at the nth slot.  For the case that backhaul like X2-interface is used for exchanging transmission direction information of the nth slot, it could be impossible to achieve the full performance gain given by slot based transmission direction change due to the latency. Therefore, for UL power control of NR dynamic TDD, it would need few specification efforts considering the difficulty of the transmission direction information exchange among gNB with the required low latency. As a possible solution, we could consider the second dynamic TDD operation scenario. For the scenario, gNB can decide the power control parameter set information to be applied at the nth slot without the transmission direction information of its neighboring cells. A gNB can inform UE the power control parameter set information of the nth slot implicitly with its own transmission direction information. That is, UE can decide the power control parameter set by using the reference UL/DL configuration and transmission direction information of the nth slot. Figure 2 shows an example of power control parameter set decision based on the second dynamic TDD operation. As shown in the Fig. 2, if the reference UL/DL configuration and transmission direction information of a slot are same, UL UE selects power control parameter set 1 and if otherwise, UL UE selects power control parameter set 2. For the cases marked by green box, gNB2 can receive the data from UL UE in its own cell regardless the TRP-to-TRP interference by using the power control 

[image: image2.emf]Reference 

Transmission direction

Reconfigured 

Transmission direction

U D

U gNB1

gNB2

U D D

U D U D

U U D D

U D U D

set1 set1 set2 set2


Figure 2. Example of power control parameter set decision

parameter set 2 with higher transmit power compared to the power control parameter set 1. For the case marked by red box, the received signal from UL UE served by gNB2 can be influenced by the TRP-to-TRP interference from gNB1. To tackle this issue, we can consider introducing the downlink power control method reducing transmit power of gNB when the slot structure is changed from reference UL to DL. It can be a natural way to adjust the transmission power of the aggressor node which changes from reference UL (DL) to DL (UL) to tackle the cross-link interference at victim node which doesn’t change the transmission direction.
Proposal 1:  NR should support a power control mechanism to enable slot-based dynamic UL/DL transmission direction change.
2.2 UL power control considering both TRP-to-TRP interference and UE-to-UE interferences
An uplink transmit power control of UE1 will impact both uplink reception of the serving gNB1 and downlink reception of UE2 served by gNB2 as show in Fig. 1. Similarly, both downlink reception of UE2 and uplink reception of gNB1 are impacted by the downlink power control of gNB1. To tackle these situations, we need to introduce a new power control mechanism enabling to control both TRP-to-TRP and UE-to-UE interferences simultaneously. It is possible that the TRP gets the interference information for the uplink power control based on the CLI measurement of TRP-to-TRP and UE-to-UE and decides all the uplink power control parameters. However, to support the slot-based transmission direction configuration by controlling the CLI, we need a method enabling faster adaptation mechanism. To do that, we can consider the power control scheme based on the short-term CLI measurement of the UL UE. For example, UL UE measures the potential UE-to-UE interference before UL transmission power based on the potential UE-to-UE measurement. In this case we can represent a power control mechanism as follows:
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In equation (1), 
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are two power control parameter sets. 
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 are the power offset due to MCS dependent transport format and the closed-loop offset, respectively. 
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 is related to the UE-to-UE interference and can be a function of the UE-to-UE interference and the co-channel interference. Taking the UE-to-UE interference power into account in the UL UE transmission power could enable the UL UE to restrict the interference to the victim DL UE.
Proposal 2:  NR should support UL power control mechanism enabling UE transmit power determination based on the TRP-to-TRP and/or UE-to-UE interference strength.
2.3 UE-to-UE interference measurement
As described in subsection 2.2, to apply the power control considering UE-to-UE interference, we need to perform the short-term UE-to-UE interference measurement. Three candidate methods can be considered as follows:

· Alt. 1: Based on DL signal power detection
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· Alt. 2: Based on DL DMRS/CSI-RS detection 
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· Alt. 3: Based on sensing RS detection
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For Alt. 1, UL UE performs power control based on the energy detection of DL signal. In this case, UL UE cannot distinguish between UL and DL transmission, and UL transmission can be unnecessarily deferred. For Alt. 2, UL UE needs to know the DMRS/CSI-RS parameters of the DL UE in the neighbor cell. In this case, strong signal power of the DMS/CSI-RS of neighbor cell doesn’t mean that UL UE will cause strong interference to the DL UE in the neighbor cell. Therefore, similar to the Alt. 1, UL transmission can be unnecessarily deferred. For Alt. 3, as sensing RS we can use SRS. The SRSs are transmitted by the active DL UEs and should be able to be distinguished in the sensing node to obtain more exact measurement results. For UE-to-UE interference, we can take RSRP and/or RSSI into account as CLI measurement metrics. RSRP can be measured by the UE on the REs containing RS over a measurement period, and RSSI can be measured on all REs in the OFDM symbols containing RS. Using both RSRP and RSSI, we can obtain RSRQ which is can be used as a metric for interference level. So, NR should support both RSRP and RSSI as CLI measurement metrics. To obtain more exact RSRQ, gNB need to know the SRS configuration parameters of the UE served by neighboring gNB, and to assign zero power (ZP) resources to prevent the PDSCH from being mapped to a set of REs which are assigned for the RS of the UE in the neighboring cell. The SRS configuration parameters to be shared between gNBs can include time/frequency resource information, periodicity, slot offset, bandwidth, cyclic shift, transmission comb offset, etc. To reduce the signaling overhead required for informing the measurement UE of a measurement configuration, we need to fix or limit the SRS transmission bandwidth or slot offset for CLI measurement. 

3 Conclusions

In this contribution, we discuss some of cross-link interference management using uplink transmit power control for the NR design. Based on the analysis, following proposals are made:
Proposal 1:  NR should support a power control mechanism to enable slot-based dynamic UL/DL transmission direction change.
Proposal 2:  NR should support UL power control mechanism enabling UE transmit power determination based on the TRP-to-TRP and/or UE-to-UE interference strength.
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