3GPP TSG-RAN #98-e                                                                                            RP-223009
Online, 12-16 December 2022

Agenda Item:	9.3.1.6
Source:	Pivotal Commware, Kumu Networks
Title:	Views on Power Control for NCR (Network Controlled Repeater)
Document for:	Decision

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

As stated in the Study of Network-Controlled Repeaters (NCR) [1], NCR is envisioned as a new type of network node, to improve coverage and performance of 5G networks.

[bookmark: _Int_a0tqwljB]During the RAN1#109e meeting, this model of NCR was agreed to and captured in the TR 38.867:
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Description automatically generated with medium confidence]

[bookmark: _Int_jB116G5B][bookmark: _Int_IUec7oOI]In this contribution, we offer an opinion on power control of NCR. This topic has been discussed in previous meetings, but no decision has been made. It is our understanding that we may come to a decision about power control for NCR at this RAN #98-e meeting, and that opinion is also shared in the Status Report of this work item to TSG [2].

2 Discussion
Here we are offering some real-world examples that suggest a few power control mechanism solutions for NCR.
Although NCR has two components worth looking at from a power control perspective, the NCR-MT is likely less contentious than the NCR-Fwd. This is because NCR-MT is going to be a UE-like entity, and it could use existing legacy UE mechanisms for power control.
[bookmark: _Int_m5mCffge]While the NCR-MT enables NCR to do its task, the NCR-Fwd fulfills the Repeater role of NCR in the network. In this paper we are focusing on NCR-Fwd and its power control mechanisms, as we see it.

2.1 Power Control for NCR
[bookmark: _Int_j8rrjxla]A commonly understood assumption is that NCR needs to be transparent to UEs, and that NCR needs to be able to cater to subset of the UEs in the area that it serves via the Access Link. 
Here are two simple examples that show that NCR itself is in the best position to simply and effectively regulate its power, while maintaining transparency to UEs it serves. 

2.1.1  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-Fwd)
· [bookmark: _Int_ugjzBOGr]Baseline: FR2 28GHz frequency; UE PC3 (power class 3), maximum EIRP 43 dBm; NCR maximum EIRP 45dBm; NCR maximum gain 100dB
· Crossover between being gain-limited and EIRP-limited occurs at UE-to-NCR distance of 66m, as captured in Figure 1.
· [bookmark: _Int_XCsToYZo]Observation 1: 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 (penalized)
· The solution is for UE2 to reduce UL Tx power (for which legacy 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-Fwd)
· Baseline: FR2 28GHz frequency; gNB maximum EIRP 56 dBm; NCR maximum EIRP 45dBm; NCR maximum gain 100dB
· Assumption 1: for FR2, for repeaters to meet low-cost targets (per Scope in [1]), maximum EIRP is expected to range between 40-50dBm (for reference, today's FR2 small cells have EIRP in this range).
· Assumption 2: NCR includes onboard AGC (automatic gain control) to not exceed rated maximum EIRP
· Observation 2: For FR2 NCR with 40-50dBm EIRP, 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.
· [bookmark: _Int_adUvM3fO]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
2.1.2  Power control to mitigate environmental aspects 
[bookmark: _Int_Oj7kcOvY]An NCR architecture can have several possible feedback loops/paths for RF energy, which could potentially cause oscillation. Since oscillation is a problem for both in-band interference and out-of-band (regulatory) interference, it should be mitigated as quickly as possible when it occurs. 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
· [bookmark: _Int_YcMzB1BZ]Observation 3: NCRs with sufficient gain may be induced into oscillation through environmental characteristics that operate on slow or fast time scales.
· [bookmark: _Int_0tOJ24b4]Observation 4: NCRs must be able to autonomously 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 aware of, at fast time scale).
· Observation 5: To avoid oscillation, NCRs must contain autonomous fast gain adjustment to respond to environmental changes rather than rely on control loops from the gNB.
· Observation 6: If gNB also controls NCR gain, the 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 power control for NCR in the Access side
Proposal 1: We propose to capture the following aspects for NCR Power control, in the TR 38.867:
Proposal 1a: Considerations for uplink direction:
NCR-Fwd on the Access side, 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, and not by NCR.
Proposal 1b: 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 1c: 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 signaling or lower layer control.
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