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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

The study of network-controlled repeaters (NCR) [1] is to focus on these scenarios and assumptions:
· Network-controlled repeaters are in-band RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.

Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
· Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]
· Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]

During the RAN1#109e meeting, this model of NCR was agreed to and captured in the TR 38.867:
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[bookmark: _Int_YutqNY3Z]During TSG RAN Meeting #96, June 6-9, 2022, in Budapest, Hungary, the decision was made to focus on in-band repeater, one that has both NCR-MT and NCR-Fwd operating in the same NR band.
In this contribution, we discuss the issues related to side control information and L1/L2 signaling for network-controlled repeater. We also offer an opinion on power control of NCR, that has been discussed in previous meetings, but no decision has been made on that topic [2].

2 Discussion
Today, most 5G NR commercial deployments are NSA (non-stand-alone) EN-DC (E-UTRAN New Radio – Dual Connectivity) architecture. In this model, many crucial pieces of information destined for UE about the NR RAT come from 4G LTE signaling. 
Even when networks start being deployed as SA (stand-alone) architecture, for instance NR-DC model, it is possible to have PCG (Primary Cell Group) in one frequency range and SCG (Secondary Cell Group) in another. This implies that the same crucial parameters for the SCG may actually be signaled to UE only or mostly in PCG frequency range, either broadcasted or via L3 signaling.
As FR2 may get prioritized in this SI, and FR2 also happens to be an area where we as a company have some experience, we focus our discussion on TDD bands. In particular:
· We are aiming to address dissemination of TDD UL/DL configuration and how NCR can transparently handle it
· We are also laying out some real-world examples that suggest a few power control mechanism solutions for NCR

For simplicity and effectiveness of this discussion, we are focusing on parameters that apply to a cell as a whole, i.e., to all UEs that reside in that cell. And since the NCR needs to be transparent to UE, then NCR needs to be able to cater to subset of the UEs in that cell, that NCR serves via Access Link. For the time being we are not considering dedicated signaling (where each UE can have or be assigned a different UL/DL pattern than that of its neighbor, and further, those assignments for each UE can change dynamically). 

2.1 Control information and signaling needs for network-controlled repeater

Observation 1:
[bookmark: _Int_kmjE4AUm][bookmark: _Int_yD3qZRNV]In EN-DC model, the NR in “anchored” in LTE. Typically, UE learns about NR cells during or after attach process to an LTE cell. The L3 TDD-UL-DL-ConfigCommon and TDD-UL-DL-Pattern (both defined in TS 38.331) are such information elements (IE’s) that inform UEs about cell-wide TDD UL/DL configuration. 
The standard allows and a cellular network provider has the option to:
a) only broadcast SSBs on NR, and all other information about NR cell to come to UE via LTE (L3) RRC Reconfiguration message (this is the case in all of today’s commercially deployed cellular NSA networks in USA that use FR2 as NR)
b) to also broadcast RMSI over NR (remaining minimum system information), effectively SIB1 (as of today, we have not observed RMSI being broadcasted in NSA deployments in USA)
Either of these two options, or both together, work well to inform UE about SCG TDD configuration and parameters. Any of these options convey cell-wide information.
[bookmark: _Int_0Pv7O3FI]In order for NCR to get to know these parameters in NSA network, it either needs to be able to decode RMSI (if broadcasted) or would have to both (i) own full 4G protocol stack and (ii) present itself as EN-DC capable UE, in order to get to know this information.
Observation 2:
In order to keep cost, simplicity and latency of the NCR low, it would be sufficient to only implement lower layers (NR L1 or NR L1/L2) of control stack only, in NCR. This would allow NCR to decode NR broadcasted information (SSBs and MRSI). 
Observation 3:
If we look at SA (stand-alone) architecture, there are two scenarios we would like to use as examples:
a) Both PCG and SCG are in the same frequency range (FR), and MRSI will be broadcast in that FR. An NCR repeater that has NR L1/L2 implemented would be able to decode the broadcasted MRSI message and get to know of TDD UL/DL configuration. (This L1/L2 based NCR could also, in addition, receive its dedicated DCI and therefore be in the know of TDD UL/DL configuration).
An NCR repeater that has NR L1 or L1/L2 implemented is well suited for this scenario.
b) In the case of NR-DC (New Radio – Dual Connectivity), PCG and SCG could be in two different frequency ranges.  Let's look at the case where NCR operates in SCG frequency range. With respect to the topic of getting to know TDD UL/DL configuration in SCG, this is almost a mirror image of EN-DC case described in Observation 1; the only difference being that PCG frequency range is replacing the LTE RAT, in this case. 
i) Since this is SA, the MRSI would be broadcasted over PCG, but not necessarily over SCG. If NCR only resides in SCG FR, then it will not be able to decode the MRSI broadcasted over PSG and will need either NCR-geared DCI (described in Proposal 1), in this case L1/L2 implemented over SCG, or out of band (“implementation-based”) approach (described in Proposal 2). 
ii) Alternatively (and mentioning only for completeness since it is contrary to the in-band agreement as of TSG RAN Meeting #96, mentioned in the Introduction section)
1. NCR would have to at least have L1/L2 over PCG frequency range implemented, so it could decode MRSI and thus get to know UL/DL TDD configuration.
2. Or (also contrary to Observation 2), NCR would have to have full 5G protocol stack implemented and present itself as NR-DC capable UE, in order to decode NR L3 RRC messages.
Proposal 1:
We propose that RAN1 studies and captures one or more of the following options in TR 38.867: Option 1, 2, 3.
Option 1: If a new NR DCI format is designed, aimed at the repeater, with purpose to carry the necessary configuration information, that would be one viable way to deploy NCRs transparently and efficiently. This has already been recognized by Lenovo in [3].
Option 2: If no NCR-geared DCI is derived, then out-of-band (or “implementation-based” approach) to configure NCR is another option. This approach should aim to support the information that would typically be broadcasted in SSBs and MRSI (SIB1) and/or sent to UE via RRC messages. We recognize that this approach can lead to interoperability issues and fragmented or ambiguous solutions, therefore we recommend defining a minimum set of parameters/KPIs to support, with additional parameters not to be precluded.
Option 3: A hybrid model can also be highly useful, where NCR-geared DCI is utilized, together with having parameters configurable by OAM/implementation-based approach.  This would allow DCI messages to carry critical pieces of information that are dynamic.  While some other information which is typically quite static can be configured using an implementation-based approach.

It might be prudent for operators to elect broadcasting MRSI (SIB1) in 5G NR frequency range where NCR is intended to operate, even if it is optional (as is in NSA architecture). It is assumed RMSI would always have up to date cell-wide parameters addressed above.

2.2 Power Control for NCR
2.2.1  Power control to adequately cater to UEs in NCR serving area
Gain-limited and EIRP-limited scenarios are heavily dependent on baseline scenario. 
· UL direction example (UE to gNB, through NCR)
· Baseline: FR2 28GHz frequency; UE PC3 (power class 3), maximum EIRP 43 dBm; NCR maximum EIRP 45dBm; NCR maximum gain 100dB
· Crossover between gain-limited and EIRP-limited occurs at UE-NCR distance of 66m, as captured in the Figure 1.
· Observation 4: NCR-Fwd operating on RF layer cannot selectively adjust power corresponding to different UEs.
· Scenario: two UEs, different range (different distance to NCR)
· UE1 range 100m from NCR
· UE2 range 50m from NCR
· UE1 is gain-limited through the NCR and UE2 is EIRP-limited through the NCR
· If NCR power control is used, NCR would reduce gain to prevent exceeding EIRP due to UE2, and consequently, UE1 will be range-limited in UL
· The solution is for UE2 to reduce UL Tx power (for which mechanisms already exist)
· Recommendation 1: UL power control is realized by UE power control only, and not by NCR.
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Figure 1
· DL direction example (gNB to NCR)
· Baseline: FR2 28GHz frequency; gNB maximum EIRP 56 dBm; NCR maximum EIRP 45dBm; NCR maximum gain 100dB
· Observation: for FR2, for repeaters to meet low-cost targets, maximum EIRP will range between 40-50dBm (for reference, today's FR2 small cells have EIRP in this range).
· Assumption: NCR includes onboard AGC (automatic gain control) to not exceed rated maximum EIRP
· Observation 5: For FR2 with 40-50dBm EIRP rated NCR, NCR will typically be EIRP-limited and not gain-limited unless at long range from gNB (>300m) as depicted in the Figure 2.
· Meaning: NCR will be operating at lower than its maximum gain.
· Recommendation 2: maximum EIRP is a configurable network parameter (by OAM and/or network operator) on a slow scale (changes may be needed on the scale of hours or days).
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Figure 2
2.2.2  Power control to mitigate environmental aspects 
Any NCR architecture has several possible feedback loops/paths for RF energy, which could potentially cause oscillation. Feedback paths depend on environmental characteristics that vary on both slow and fast time scales.
· Slow example: seasonal variation causes variation in component gain on the NCR
· Fast example: reflective objects may cause additional signal energy to couple into a feedback channel
· Observation 6: NCRs with sufficient gain may be induced into oscillation through environmental characteristics that operate on slow or fast time scales.
· Observation 7: NCRs must be able to reduce their Tx signal to avoid oscillation both in-band and out-of-band (spurious), including in response to environmental changes (not something gNB can be in the know of, at fast time scale).
· Observation 8: To avoid oscillation, NCRs must contain fast gain adjustment to respond to environmental changes rather than rely on slower control loops from the gNB.
· Observation 9: If gNB also controls NCR gain, slower control loops from the gNB may conflict with the NCRs fast gain adjustment. 
· Recommendation 3: maximum gain (both UL and DL) is a parameter configurable by OAM and/or network operator.
· Recommendation 4: oscillation-mitigating power control (gain control) is left to implementation on the NCR and does not call for introducing any new signaling.
· Recommendation 5: RAN4 may consider conformance testing to verify oscillation-mitigating gain control on the NCR.

3 Conclusions
3.1 With respect to L1/L2 or signaling needs for NCR:
To keep the complexity and latency of the NCR low, it should be sufficient to only implement lower layers (NR L1 or NR L1/L2) of control stack, in NCR.
For network operators to be able to deploy NCR in both NSA and SA networks equally well, we propose the following:
Proposal 1: Capture one or more of the following options for NCR L1/L2 or signaling needs, in the TR 38.867: 
Option 1: If a new NR DCI format is designed, aimed at the repeater, with purpose to carry the necessary TDD configuration information, that would be one viable way to deploy NCRs transparently and efficiently.
Option 2: If no new, NCR-geared NR DCI is derived, then out-of-band (or “implementation-based” approach) to configure NCR is a viable option. This approach should aim to support, contain and provide the information that would normally be broadcasted in SIB1 (MRSI) or sent to UE via RRC messages.
Option 3: A hybrid model: both NCR-geared DCI is utilized, together with having parameters configurable by OAM/implementation-based approach.  This would allow DCI messages to carry critical pieces of information that are dynamic.  While some other information which is typically quite static can be configured using an implementation-based approach.

3.2 With respect to power control for NCR
Proposal 2: We propose to capture the following aspects for NCR Power control, in the TR 38.867:
Proposal 2a: Considerations for uplink direction:
NCR-Fwd operating on RF layer cannot selectively adjust power corresponding to different UEs. In the uplink direction, the most transparent way is for UEs to adjust power levels as necessary, i.e., UL power control is realized by UE power control only, and not by NCR.
Proposal 2b: Considerations for downlink direction:
In the downlink direction, unless gNB and NCR are far apart (>300m), NCR will be EIRP-limited. Therefore, maximum EIRP should be a configurable network parameter (by OAM and/or network operator) on a slow time scale. 
Proposal 2c: Considerations for gain control in both directions:
For oscillation-mitigating power control (gain control), given that oscillations can occur on the fast time scale, the most efficient approach is for gain control (UL and DL) to be left to implementation on the NCR, while the maximum gain values (both UL and DL) could be parameters configurable by OAM and/or network operator. In this approach, there is no need to introduce any new lower layer control or signaling.
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