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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we discuss the ACG issue for inter-frequency measurement. The challenge to AGC design in NR is not the same as that in LTE due to the lack of consistent CRS transmission and the dynamic receiving RSSI because of mmWave channel and Tx/Rx beamforming. The difficulty gets increased when further considering the configurable MRGP and SMTC periodicity. 
2	New from LTE to NR
In LTE, CRS is transmitted in every DL subframe. Therefore, UE can at least utilize CRS for AGC gain setting even if there is currently no DL data traffic in a cell. Furthermore, CRS comes on OFDM symbols #0, #4, #7 and #11 in every subframe, which enables UE to settle the AGC gain within a small number of subframes. However, there is no CRS in NR. When the cell has no DL data traffic, SSB becomes the only RS that UE can use for AGC gain setting. The periodicity of SSB is configurable in NR. Hence, for the worse case, UE can only have one chance to adjust its AGC for every 160ms.
[bookmark: _Ref510285100]Observation 1: When the NR cell has no DL data traffic, SSB is the only RS that UE can use for AGC gain setting. The periodicity of SSB could be up to 160ms.
Another new feature in NR is the Tx beamforming, which is allowed even for FR1. The introduction of Tx beamforming increases the difficulty in AGC gain setting. This is illustrated in Figure 1. Figure 1(a) shows the time location of SSBs and Figure 1(b) shows the exact beam directions of SSBs. As can be seen, the beam direction of SSB#2 is pointing the UE. This means the receive signal from SSB #2 will be higher than other SSBs. Therefore, SSB#2 is the very one that UE needs to measure, and it will dominate the AGC gain setting, assuming interference level is relatively lower. In the other words, the receive signals from other SSB may not be helpful at all for AGC gain setting and nor the receive signals from PDCCH and PDSCH. This also means the only signals that can help UE to set the AGC gain for the current SMTC occasion are the previous SMTC occasions.
[bookmark: _Ref510285101]Observation 2: In general, the only signals that can help UE to set the correct AGC gain for the current SMTC occasion are the previous SMTC occasions.
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[bookmark: _Ref510117610]Figure 1. Impact of Tx beamforming on AGC gain setting

The other challenge due to Tx beamforming is that the channel becomes changing fast when UE is moving. Since the Tx beam is narrow, e.g., to accommodate the huge path loss in mmWave channel, the channel becomes very sensitive to a location or orientation change at UE or any environment change. This means the RSSI may change a lot between two successive SMTC occasions. Therefore, the AGC gain setting from the previous SMTC occasion may sometimes become unsuitable for the next SMTC occasion, e.g., due to gain saturation. Moreover, Rx beam sweeping is another factor that adds the difficulty on AGC. The AGC gain setting based on RX beam #1 may not be usable to other Rx beams.  
[bookmark: _Ref510285102]Observation 3: The fast changing mmWave channel and Tx/Rx beamforming increase the difficulty to apply the AGC gain setting from the previous SMTC occasion to the next SMTC occasion. 
3	Additional Challenges for inter-frequency measurement
Comparing with intra-frequency measurement, inter-frequency measurement can only be done within gap. The MGRP could be 20ms, 40ms, 80ms and 160ms in NR. UE chooses only one frequency layer at a time. Under per-UE gap assumption, a single gap pattern is shared by multiple frequency layers or different RATs. There could be up to 8 NR inter-frequency layers to be measured by UE. Each inter-frequency layer is configured independently with its own SMTC by a measurement object. How to select the frequency layer for each gap occasion is up to UE implementation. The complicated scheduler for frequency layer selection is not the focus on this paper, but in another one [1]. However, it has something to do with AGC gain setting.
Given a simple example with 4 inter-frequency layers. The SMTC periodicity of each frequency layer is the same as MGRP. Assume that UE needs 5 L1 samples to finish the measurement of one frequency layer. Then, Figure 2 provides 2 possible strategies how UE selects the frequency layers: frequency layer first in Figure 2(a) and sample first in Figure 2(b).
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                (a)                                                                                            (b)
[bookmark: _Ref510123636]Figure 2. Two possible strategies for scheduling inter-frequency measurements: (a) frequency layer first and (b) sample first

· Frequency layer first: 
· Mobility performance: The mobility performance of the UE will be bad. Some frequency layers could be left un-visited for a very long period of time, e.g., (Nfreq-1)*5*MGRP. This increases UE’s risk of radio link failure. Therefore, in general, we do not think this is the typical strategy that UE will adopt, especially when there are a number of inter-frequency layers to be measured.
· AGC issue: We expect less problem for AGC under this strategy. UE may scarify the first few gap occasions for initial AGC gain setting and then applies the AGC gain setting for the next gap occasions for the same inter-frequency layer. Since L1 samples are measured in successive gap occasions, the channel variation is not that big. Hence, AGC gain setting obtained in the previous gap occasion can be directly used by the next one(s).
· Sample first:
· Mobility performance: The mobility performance of the UE is better than the previous strategy. Each frequency layer is re-visited again in every (Nfreq-1)*MGRP. UE can re-act in time if there is a strong cell in a frequency layer detected suddenly.
· AGC issue: This is more difficult case for AGC gain setting. The AGC gain setting in the previous gap occasion will be applied to the next gap after (Nfreq-1)*MGRP. When there are many frequency layers configured, e.g., 13 and the MGRP is large, e.g., 80ms, UE will revisit the same frequency after 1.04 second. If we further consider gap sharing and 160ms for SMTC periodicity, the situation will get worse. 
[bookmark: _Ref510285104]Observation 4: The AGC gain setting is more challenging for inter-frequency measurement because UE is measuring less frequently on the same frequency layer.
There are some possible way that can resolve this difficulty of AGC gain setting in inter-frequency measurement. Each of them has some advantages and disadvantages.
1. UE-side solution: increase the dynamic range:
Increasing the dynamic range (leaving more headroom) could help reduce the change of component saturation (e.g. LNA) in the next SMTC occasion while keeping the same SNR quality. However, to increase the dynamic range, either the nonlinearity of analog components or NF (noise figure) should be enlarged. For digital circuit, UE also needs to increase the word length. These improvement requirements will hugely increase the total implementation cost of a UE.
2. gNB-side solution: Apply same beam direction to multiple SSBs in the same burst.
Another possibility is that network always transmits the same beam on more than 1 SSBs. An example is shown in Figure 3, where the pair {SSB#0, SSB#4} shares the same beam, as well as {SSB#1, SSB#5}, {SSB#2, SSB#6} and {SSB#1, SSB#5}. If such a pairing is adopted by the network and known by the UE, then UE can always try to use the first half of the SSBs for AGC gain setting and then apply the gain to the 2nd half of the SSBs. Some new signaling may need to be introduced in this solution. But adding such a signaling should be backward compatible. 
[image: ]
[bookmark: _Ref510280092]Figure 3. An example of applying same beam direction to multiple SSBs in the same SMTC occasion

3. Requirement-based solution: Allow more L1 samples in the requirements.
UE preserves one extra SMTC occasion just for AGC gain setting before measurement. In an extreme case, UE needs to preserve one extra SMTC occasion every time before it measures a frequency layer. The UE behavior is illustrated as Figure 4. The additional SMTC occasion needed for AGC is somehow like adding a new dimension to the original 2-D Table in Figure 2(b). Note that what we shown in Figure 4 is just a simplified example. The exact UE behavior would get far more complicated if we further consider
· Independent configuration of SMTC periodicities and offsets for different frequency layers. (same/different, full-overlapped/partially-overlapped/fully non-overlapped with one another)
· Gap sharing to intra-frequency measurements with gap and/or intra-frequency measurement without gap and/or even RLM. (No mention their independent SSB periodicity and offset configurations) With gap sharing, each frequency layer is visited even less frequently.
· UE’s Rx BEAM sweeping in FR2. This may add the 4th dimension to Figure 4. For an example, UE needs to decide to measure with the strategy like “sample frequency layer RX beam”, “RX beam sample  frequency layer”, …, etc.
After some internal study, we think a least 3 more L1 samples are needed in FR1 for inter-frequency measurement, comparing to intra-frequency measurement.
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[bookmark: _Ref510281458]Figure 4. An example of allowing more L1 samples in the requirements

As it may not be easy to quickly find a solution, companies can encouraged study the AGC issue for inter-frequency measurement and try to reach the conclusion on how to resolve it.
[bookmark: _Ref510285108]Proposal 1: Companies are encouraged to study the solution of difficult AGC gain setting for inter-frequency measurement, e.g., increasing UE’s dynamic range, duplicating same beam direction to 2 SSBs or allowing at least [3] more L1 samples.
4	Conclusions
In the contribution, we provide our analysis on the difficulty of AGC gain setting for inter-frequency measurement. The observations and proposals are summarized below:
Observation 1: When the NR cell has no DL data traffic, SSB is the only RS that UE can use for AGC gain setting. The periodicity of SSB could be up to 160ms.
Observation 2: In general, the only signals that can help UE to set the correct AGC gain for the current SMTC occasion are the previous SMTC occasions.
[bookmark: _GoBack]Observation 3: The fast changing mmWave channel and Tx/Rx beamforming increase the difficulty to apply the AGC gain setting from the previous SMTC occasion to the next SMTC occasion.
Observation 4: The AGC gain setting is more challenging for inter-frequency measurement because UE is measuring less frequently on the same frequency layer.
Proposal 1: Companies are encouraged to study the solution of difficult AGC gain setting for inter-frequency measurement, e.g., increasing UE’s dynamic range, duplicating same beam direction to 2 SSBs or allowing at least [3] more L1 samples.
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