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Introduction
NR, as a new Radio Access Technology (RAT), is designed to provide a variety of services with different performance requirement. There are three major different services that are targeted to be provided by NR, namely

1. eMBB (enhanced Mobile Broadband): the main design goal is to achieve high spectrum efficiency 
2. mMTC (massive Machine Type Communication): the main design goal is to support ultra-high device density, improve coverage by 20dB and reduce the device power consumption
3. URLLC (Ultra-Reliable Low Latency Communication): the main design goal is to achieve ultra-reliable communication with very low latency

The performance requirement for URLLC, as specified in 38.913, [1], is to achieve 99.999% reliability within 1ms delay bound

	Reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).

A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.


 
In order to achieve ultra-reliable and low latency communication, there are a few techniques that can be employed to improve the efficiency of the system

1. Reduce the scheduling latency: with 1ms delay bound, it is very important to reduce the latency spent in scheduling delay. The faster the gNB schedules the UE after packet arrival, the more time could be spent in transmitting the actual packet before the delay bound and, therefore, the higher the reliability can be achieved.
2. HARQ transmission: Due to various uncertainty in the link adaption, including CQI estimation error, channel variation, interference and noise variation etc., it is very difficult for the scheduler to perfectly predict the decoding outcome of the transmission. Therefore, if the system targets to achieve high reliability with single transmission, it inevitably requires excessive resource and power to be spent in order to provide the margin for link adaptation uncertainty, this clearly negatively impact the system efficiency. Therefore, HARQ transmission is a nature solution to achieve efficient communication while meeting high reliability requirement
3. Mini-slot transmission with fast ACK/NAK turn around: When system operates in tight 1ms delay bound and high reliability requirement, in order for the HARQ transmission to operate efficiently, it is important to support min-slot operation as well as the fast HARQ ACK/NAK turn around. 

In Rel-16 NR, a new URLLC enhancement SI was approved [2]

In this contribution, we focus on the enhancement of URLLC performance for the cell edge UEs. Figure 1 illustrates the problem for the UEs at cell edge. Clearly, it is more challenging for the cell edge user to meet URLLC QoS requirement due to multiple reasons, including (1) Cell edge user is the furthest from the serving cell, hence more prone to be noise limited. (2) Cell edge user also experiences strong interference from the neighboring cells. To enhancement the cell edge user performance, we propose a few mechanisms that can be used to improve the URLLC reliability.
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Figure 1 URLLC UE at Cell Edge
Enhancement to Mobility Procedures
Clearly, in order to support the enhancement to cell edge user URLLC performance, it is required for the NW and UE to be able to detect the condition of the cell edge at first. Similar concept was presented in UMTS in terms of the active set management. In summary, UE will monitor the strength of neighbor cells and report the appearance and disappearance of a strong neighbor cell to the NW when the neighbor cell quality becomes noticeably strong or weak. It is also beneficial for NR to support similar mobility event and allows the UE to report the appearance the disappearance of the strong interference cell to the NW. In order to reduce the report overhead and avoid ping pong, the report can be event trigger based on the measurement, hysteresis and time to trigger or counter, etc. The concept is illustrated in Figure 2.
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Figure 2 Mobility Enhancement for URLLC Cell Edge UEs

Proposal 1: NR to support mobility enhancement by allowing the UE to report the appearance the disappearance of the strong interfering cells to the NW.
Enhancement on the Multi-TRP/gNB Reception/Transmission
At the cell edge, one distinct characteristics that can be utilized to enhance the URLLC performance is that fact that UE can receive signal from multiple TRP/gNB on DL and UE signal can be detected by multiple TRP/gNB on UL. 

Similar as COMP in LTE, NR can also design schemes for multi-TRP/gNB reception/transmission in order to improve the performance on both the DL and UL direction.

For DL, depending on the quality of backhaul between multiple TRP or gNB, the coordination can be done at different time scale. The basic design choice is to coordinate the transmission of multiple TRP or gNB to either minimize the interference or enhance the transmission by pre-processing or post-processing of the transmitted signals from multiple TRP/gNB. There could be a few schemes to be considered

(1) Configure the UE to receive more than 1 PDSCH from multiple TRP/gNB simultaneously. Multiple PDSCH can be scheduled with the same DCI (PDCCH) or different DCI. In order to improve reliability, different PDSCH can carry the same payload, but the transmission can be scrambled differently. Different PDSCH can be mapped to the same HARQ ID in order to inform the UE about the repeated payload to improve the reliability. The concept is illustrated in Figure 3.
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Figure 3 Multiple PDSCH Enhancement

(2) Configure the UE to receive a single PDSCH with dynamic pointing and interference suppression via UE CSI feedback. i.e., UE CSI report contains multiple CQI corresponding to different cells, and/or the preferred cell index. Scheduler only picks the best TRP or gNB to transmit the payload. Other TRP or gNB may mute its transmission in order to reduce the interference. The concept is illustrated in Figure 4.

[image: ]
Figure 4 Dynamic point selection enhancement

(3) Joint precoding from multiple TRP/gNB. When ideal backhaul is available, it is possible to treat multiple TRP/gNB as remote physical antennas and apply advanced MIMO processing to jointly precode the packet transmission over all the antennas. Even when backhaul is not ideal, different gNB can occupy different layer or CW. The participation of layer or CW can be indicated to the UE such that different layers or CW corresponds to the same TB (packet). The concept is illustrated in Figure 5.
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Figure 5: Single PDSCH Enhancement


For UL, similarly, multiple gNB can receive the UE UL transmission simultaneously. Coordination can be done between gNB to allow the simultaneous reception of UE UL transmission. To do so, gNB can exchange the UE ID, TA information, etc. over the X2 interference. At the same time, gNB can also exchange the packet decoding information. UE can be configured to monitor multiple PDCCH for the HARQ operation.

Proposal 2: NR to support enhancement of Multi TRP/gNB reception and/or transmission in order to improve cell edge UE URLLC performance.
Enhancement to the Beam Management
NR is also designed to support FR2 (mmWave) frequency band with unique beam management design. One question for the cell-edge user is that cell edge UE may prefer distinctively different set of beams in order to communicate to different TRP or gNB as illustrated in Figure 6. Therefore, in order to enhance the beam management for cell edge users, UE can be configured with multiple TCI tables with each TCI table corresponds to a different gNB. DCI scheduling can use the corresponding TCI table if multiple DCI is supported. Otherwise, DCI scheduling can include the table index if single DCI is supported
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Figure 6 URLLC Beam Management Enhancement
Proposal 3: NR to support beam management enhancement for Multi Panel/TRP/gNB reception and/or transmission in order to improve cell edge UE URLLC performance.
Conclusions
This contribution focuses on the enhancement of URLLC performance for the cell edge UEs. Clearly, it is more challenging for the cell edge user to meet URLLC QoS requirement due to multiple reasons, including (1) Cell edge user is the furthest from the serving cell, hence more prone to be noise limited. (2) Cell edge user also experiences strong interference from the neighboring cells. To enhancement the cell edge user performance, we propose a few mechanisms that can be used to improve the URLLC reliability. We have the following proposals

Proposal 1: NR to support mobility enhancement by allowing the UE to report the appearance the disappearance of the strong interfering cells to the NW.

Proposal 2: NR to support enhancement of Multi TRP/gNB reception and/or transmission in order to improve cell edge UE URLLC performance.

Proposal 3: NR to support beam management enhancement for Multi Panel/TRP/gNB reception and/or transmission in order to improve cell edge UE URLLC performance.
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