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Introduction
Coverage is a fundamental aspect of cellular network deployments. Mobile operators resort to different types of network nodes to offer blanket coverage in their deployments. While the deployment of regular full-stack cells is preferred, it may not be always a possible (e.g., not availability of backhaul) or economically viable option. 
As a result, new types of network nodes have been considered to increase mobile operators’ flexibility for their network deployments. NR Rel-16 has introduced a new type of network node not requiring a wired backhaul through the specification of Integrated Access and Backhaul (IAB). The IAB node is a new type of relay node building over the front-haul architecture and constituting a node with a dual personality consisting of a Distributed Unit (DU) component making it possible to appear as a regular cell to the UEs it serves, and a Mobile Terminal (MT) component inheriting many properties of a regular UE which connects to its donor parent node(s).  The IAB node is based on a Layer 2 architecture with end-to-end PDCP layer from the donor IAB node to the UE for Control Plane (CP) and User Plane (UP). IAB nodes can also be classified as re-generative relays, as every packet traversing the link between its donor and the MT component of the IAB node itself, i.e., backhaul-link, has to be properly decoded and re-encoded by the IAB node for transmission to the UE or subsequent IAB hop on the access link. While the first version of IAB in Rel-16 assumes half duplex operation between access and backhaul for transmission and reception, forward compatibility towards evolving IAB towards full duplex operation was put in place. One of the objectives of the Rel-17 IAB WI is to, indeed, enable full duplex implementations of IAB nodes. 
Another type of network node is the RF repeater. RF repeaters have been used in 2G, 3G and 4G deployments to supplement the coverage provided by regular full-stack cells with various transmission power characteristics. They constitute the simplest and most cost-effective way to improve network coverage. The main advantages of RF repeaters are their low-cost, their ease of deployment and the fact that they do not increase latency. The main disadvantage is that they amplify signal and noise and, hence, may contribute to an increase of interference (pollution) in the system. Within RF repeaters, there are different categories depending on the power characteristics and the amount of spectrum that they are configured to amplify (e.g., single band, multi-band, etc.). RF repeaters are non-regenerative type of relay nodes and they simply amplify-and-forward everything that they receive. RF repeaters are typically full-duplex nodes and they do not differentiate between UL and DL from transmission or reception standpoint. Note that, to date, there is no definition of RF repeaters for NR. 
As NR moves to higher frequencies (around 4GHz for FR1 deployments and above 24GHz for FR2) propagation conditions degrade compared to lower frequencies exacerbating the coverage challenges. As a result, further densification of cells may be necessary. Multi-antenna techniques consisting of massive MIMO for FR1 and analog beamforming for FR2 assist in coping with the more challenging propagation conditions of these higher frequencies. 
Note that all the frequency bands defined at this higher frequency regime are TDD. Another common property of these NR systems is the use of multi-beam operation with associated beam management. 
The problem statement is two-fold (a) Many planned NR deployments are TDD and therefore simultaneous, bi-directional amplify-and-forward may not be necessary. This can reduce the pollution problem of regular RF repeaters; (b) Beamformed transmissions to individual users is fundamental to coverage esp. in FR2 bands. A simple RF repeater that the network is agnostic to may be unable to achieve the requisite beamforming gain. 
With the above in mind, a type of network node, somewhere in between RF repeaters and IAB nodes, appears as a compelling proposition to try to leverage the main advantages of both. That network node, i.e., smart repeater, could, e.g., make use of some side control information to enable a more intelligent amplify-and-forward operation in a system with TDD access and multi-beam operation. It would still be non-regenerative and would only require a low capacity control backhaul between the donor cell(s) and itself. As a result, the low-complexity and low-cost properties of RF repeaters would be mostly preserved. 

This document captures companies’ views on a candidate RAN4-led project on Smart Repeaters. 
A motivation paper was submitted to RAN#88-e in [1] and a draft SID in [2]. 
Discussion
Relevant documents submitted to RAN#88e
A motivation paper was submitted in [1] and a draft SID in [2].
Issues related to Smart Repeaters for discussion
· Sub-topic 1-0: General interest on exploring the benefits of this type of network node
· Sub-topic 1-1: SI vs. WI
· Sub-topic 1-2: Potential project objectives
· Sub-topic 1-3: Other WG involvement
· Sub-topic 1-4: Any other issue
Companies’ views
Interested companies to provide comments on the sub-topics in the following sections
Sub-topic 1-0: General interest on exploring the benefits of smart repeaters
	Company
	Comments

	Qualcomm
	We believe smart repeaters, with a knowledge of TDD configuration (DL/UL split) and proper spatial RX/TX information, will offer significant system performance gains, at a lower cost and complexity compared with a full stack gNB or an IAB-node. The expected gains, compared to traditional RF repeaters, are achieved via higher array gains in the direction of the communication, as well as lower system interference.  

	
	

	
	

	
	

	
	

	
	


 
Sub-topic 1-1: SI vs. WI
	Company
	Comments

	Qualcomm
	We think that just an SI would push the availability of specifications to Rel.18 and this could be too late and jeopardize the timely availability of smart repeaters ; It seems there is a need for these devices that were widely used in previous generations and are beneficialfor reliable and economical deployment of NR networks
The benefits of smart repeaters, mainly achieved via higher beamforming gains and lower system interference (compared to traditional RF repeaters) are very straightforward. Moreover, the specification efforts of smart repeaters are anticipated to be manageable. 
Hence, we believe that a WI or short SI+WI for smart repeaters is possible in order to be able to complete the normative work as soon as possible.

	
	

	
	

	
	

	
	

	
	



Sub-topic 1-2: Potential project objectives
	Company
	Comments

	Qualcomm
	 For RAN4, the study part would include assessing the performance gains by looking at possible implementations of the active antenna systems that the repeater would use(e.g. beamforming gain, number of beams, etc). Some very simple system simulation similar to what is used for co-existence studies(e.g. SINR improvement) can also be considered. This would also relate to how much side information is needed.
The actual specification work would consist of defining RF core requirements, these would be based on re-using the gNB/UE and IAB(mostly IAB-MT) specifications. Depending on the definition of side information, there could be some performance work related to it(e.g defining performance requirements for the demodulation of the control information). 
Scope/objectives for other groups are discussed below.

	
	

	
	

	
	

	
	

	
	



Sub-topic 1-3: Other WG involvement
	Company
	Comments

	Qualcomm
	RAN1 and possibly RAN2 should get involved in the design of the required control signaling to provide the necessary information to the repeater (e.g. time domain scheduling and beam related controls)
RAN3 may get involved, in case additional signaling is considered on the backhaul interfaces for differential treatment of the repeater. 
It is desirable to limit the impact to these groups to a minimal level while trying to leverage existing NR frameworks and signaling as much as possible.

	
	

	
	

	
	

	
	

	
	



Sub-topic 1-4: Any other issue
	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Summary of discussion 
Summary of the outcome of discussion to be provided by the moderator 
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