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1. Introduction
In this contribution we discuss further the AGC issues for interfrequency measurements in gaps.
2. Discussion

We begin with a general discussion on AGC. The goal of the AGC algorithm is to manage gain in the RF and IF RX stages of the UE prior to the analogue to digital converter and baseband. Figure 1 shows the block diagram of a typical superhet receiver which would be used for mm-wave. For FR1 a direct conversion receiver is typically used, in which a single mixer mixes from RF frequency to baseband without the corresponding IF stages. From an AGC perspective, both architectures are similar and contain both an LNA (low noise amplifier) after the RF front end, possible switchable gain in IF for the superhet receiver and a VGA (variable gain amplifier) before demodulation, filtering, and ADC.
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Figure 1: Generic superhet digital receiver

The baseband can control the LNA gain state, and the gain of the IF amp/VGA, as indicated by the arrows. The baseband normally bases the adjustment on either
· Comparison of the RSSI of samples after ADC (I2+Q2) with a desired power level

· Comparison of the RSRP of the strongest detected cell after baseband searcher with a desired RSRP

The comparison indicates whether the receiver gain needs to be increased or decreased and may also give an estimate of the amount of change that is needed to get close to the target n RSSI/RSRP.

RSSI based is all that may be applied by the UE if no cells have yet been detected on a carrier frequency. Once cells are detected the AGC, it may be switched to operate in RSRP mode.

The outcome of the AGC algorithm is to determine adjustments to be made to the LNA gain state, IF amp and/or VGA. It is often desired to minimize the number of changes to LNA, and hysteresis is used around LNA switching points to avoid excessive switching if the input signal is close to this level.
If the ADC (or other RX components) are saturated clipping of the signals will occur and there is limited information on the magnitude of gain adjustment which would bring the receiver to a proper operating point; similarly, if the gain is set very low then the IQ samples will consist only of UE generated noise which only provides limited information on the proper operating point. In both cases, a large and coarse adjustment of gain (such as changing LNA state) is determined by the measurement, and the measurement gives information on whether to increase or reduce gain, but further steps are likely to be needed to refine the gain once the saturation/underflow is resolved.

In NR, there are no predictable constantly available signals guaranteed to be transmitted except the SSBs, so either RSSI or RSRP AGC update is assumed to be performed on SSB signals, although naturally the UE is free to use other available signals such as CSI-RS if it is aware of them from configuration. We can observe

Observation 1: There can be at least 3 cases of operation of AGC
· Case 1: When a short time T1 has elapsed since signals were previously received, the AGC setting will allow continued reception and at the same time the AGC may be updated ready for the next reception occasion

· Case 2: When an intermediate time T2 has elapsed since signals were previously received, the AGC setting may not be sufficiently accurate to allow continued reception (measurement samples may not allow 3GPP accuracy requirements to be met) but the AGC will be close enough to avoid clipping or underflow of the receiver and a single update will be sufficient to allow reception in the next reception occasion

· Case 3: When a long time T3 has elapsed since signals were previously received, the AGC setting can be significantly incorrect such that clipping, or underflow occurs and then multiple (for example 3) samples are needed before the UE is ready to receive
The values of T1, T2, T3 depend on radio conditions and UE speed. Approximate values could be that T1 is of the order of low hundreds of milliseconds, T2 could be of the order of low number of seconds and T3 could be anything greater. 
 We now discuss measurement gaps in this context. The goal of UE measurement scheduling should be to avid as much as possible scenarios where T2 or T3 is involved. The extent to which this is possible will depend on measurement configuration such as MGRP, the SMTC periodicity of the measurements being performed, and the number of measurement objects which have to be processed. For cases where a single measurement object is configured, the UE is likely to be able to measure on every measurement gap and update the AGC ready for the next gap regardless of SMTC period. For 2 or 3 measurement objects this could still be feasible, at least for shorter SMTC periodicity but may become challenging for 160ms MGRP or 160ms SMTC periodicity.

When the UE is configured with more measurement objects, from AGC point of view it is likely that the UE would need to perform gap scheduling in a sequential or semi-sequential manner. When it returns to measuring a measurement object that it has not measured for some time, it would first need to re-acquire a suitable AGC setting before making the measurement.

In [1], several solutions were proposed to meet AGC challenges in NR such as increasing UE’s dynamic range, duplicating same beam direction to 2 SSBs or allowing at least [3] more L1 samples. Since UE dynamic range is an implementation issue we do not think it is feasible to discuss meaningfully extending the UE dynamic range in RAN4, rather the necessary dynamic range will be a consequence of RAN4 decisions and requirements. We also think that duplicating the same beam direction to two SSBs is problematic as the UE has no awareness of how different SSBs are TX beamformed, and it is not clear to the UE which SSBs it should assume are duplications of each other. Moreover, the L=64 physical layer design of SS burst for mm-wave would only support up to 32 TX beams with duplication which we think may not be sufficient for future deployments of NR.
We also need to be cautious not to extend interfrequency measurement delays too much when considering solutions based on allowing more samples. Interfrequency gap measurements are already challenging as they impact user throughput very significantly if dense gap patterns are used and may have long measurement delays already for FR2 due to RX beamforming. So, allowing at least [3] more SMTC samples is likely to be problematic, forcing the network to use a dense gap pattern to get good performance for interfrequency measurement objects.

Our view is that one additional SMTC sample could be considered for gap based inter-frequency measurements compared with intra-frequency requirements for PSS/SSS detection and measurement period to allow for case 1 or case 2 AGC operation.

  Hence, we propose for FR1 that
Proposal 1: Interfrequency requirements for FR1 are based on 
TPSS/SSS_sync =6 samples

 T SSB_measurement_period =   6 samples

 TSSB_time_index= 4 samples

For FR2, the values can be scaled accordingly for RX beamsweep

Proposal 2: Interfrequency requirements for FR2 are based on 

TPSS/SSS_sync =N1▪6 samples

 T SSB_measurement_period =  N3▪6 samples

 TSSB_time_index= N2▪6  samples

3. Conclusion

In this contribution we discuss AGC operation in general and for measurement gaps. For the AGC, we identify 3 distinct cases of AGC operation
Observation 1: There can be at least 3 cases of operation of AGC

· Case 1: When a short time T1 has elapsed since signals were previously received, the AGC setting will allow continued reception and at the same time the AGC may be updated ready for the next reception occasion

· Case 2: When an intermediate time T2 has elapsed since signals were previously received, the AGC setting may not be sufficiently accurate to allow continued reception (measurement samples may not allow 3GPP accuracy requirements to be met) but the AGC will be close enough to avoid clipping or underflow of the receiver and a single update will be sufficient to allow reception in the next reception occasion

· Case 3: When a long time T3 has elapsed since signals were previously received, the AGC setting can be significantly incorrect such that clipping, or underflow occurs and then multiple (for example 3) samples are needed before the UE is ready to receive
Based on the analysis in the paper, we propose that one additional SMTC sample could be considered for gap based inter-frequency measurements compared with intra-frequency requirements for PSS/SSS detection and measurement period to allow for case 1 or case 2 AGC operation.

Hence, we propose for FR1 that

Proposal 1: Interfrequency requirements for FR1 are based on 

TPSS/SSS_sync =6 samples

 T SSB_measurement_period =   6 samples

 TSSB_time_index= 4 samples

For FR2, the values can be scaled accordingly for RX beamsweep

Proposal 2: Interfrequency requirements for FR2 are based on 

TPSS/SSS_sync =N1▪6 samples

 T SSB_measurement_period =  N3▪6 samples

 TSSB_time_index= N2▪6  samples
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