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1. Introduction

In RAN1 meeting #95 an LS [2] have been sent to RAN4 to ask about the following questions.
RAN1 is studying NR sidelink as a part of the study item for NR V2X (SID in RP-182111). In this study, RAN1 had discussion on multiplexing PSCCH and PSSCH and are studying the following options:

· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).

· Study further the following options: 

· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.

· Option 1A: The frequency resources used by the two channels are the same.

· Option 1B: The frequency resources used by the two channels can be different.

· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.

· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.

· Illustration of the above options:
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In addition, RAN1 made the following working assumption:

· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.

· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.

· FFS how to determine the starting symbol of PSCCH and the associated PSSCH

· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.

RAN1 would like to ask RAN4 feedback on the need of the transient period in the above-mentioned options. In particular, RAN1 would like to ask the following questions for options 1A, 1B, and 3 when the total transmit power does not change between the last symbol containing PSCCH and the following symbol:

· Whether transient period is needed (if so, how much) if power spectral density is different between the last symbol containing PSCCH and the following symbol

· Whether transient period is needed (if so, how much) if PSCCH and PSSCH use different frequency location and/or resource size in option 1B and 3

· Whether there is any impact on the above questions due to different assumptions of amplifiers (e.g., for MIMO purpose, etc.)

· Whether there are any other cases that require transient period (if so, how much).
We discuss in this paper our view on the transient impact on the above 3 possible solution for multiplexing PSSCH and PSCCH. Furthermore, some discussion on AGC settling time, which is a remaining discussion point from a previous LS [1] from RAN1 is also provided.
2. Transient Time Impact
From RF point of view, whenever there is a need to configure the PA gain and bandwidth, a transient shall occur. Typically, a UE will configure a PA gain state and BW to achieve optimal emission performance and it will keep this configuration for the duration of a continuous transmission burst. Among the above 2 factors, PA gain state is driven by the PAPR of the waveform, while the bandwidth is driven by the transmission bandwidth (e.g. number of allocated RB). So in order to provide possible transient impact of the 3 (or 4) options for multiplexing control and data, we analyse each of the solution under 2 angles: PAPR and transmission bandwidth.
2.1. Option 1A

In this option, the transmission consists of 2 parts, with the first contain only the PSCCH and the second contain only PSSCH. Theoretically, PSSCH and PSCCH can use different modulation order and/or different multiple antennas transmission scheme. Both of these 2 factors have direct impact on the output waveform PAPR. On top of that, changing modulation order also change some of the emission requirement that the UE needs to meet, thus forcing the UE to change it’s PA gain to adapt.
For those reason, in theory, the UE shall need transient period going from the first portion to the second portion to adjust its gain state and optimize its output power (and hence link budget). However, in practice, if we consider the control and data are just 2 potions of the same transaction and that at the same SNR level, control decoding is not the bottleneck for decoding data, then output power optimization for control is usually not needed. This was particular the case in LTE uplink channel, where the PAPR of the symbols containing DMRS is smaller than that of symbols containing the payload. So, even though we can further increase the output power at those DMRS symbols, the gain in demodulation performance is not enough to offset the cost incurred by the extra transient time on system performance. 
For the transmission bandwidth, there is no change between the 2 portions, so no transient period needed for this purpose.

2.2. Option 1B

The PAPR analysis of this option is identical to option 1A.

For the transmission bandwidth, because the number of RB used for control portion is strictly smaller than the number of RB used for the data part, the UE need some transient period to adapt the signal bandwidth for its PA.
2.3. Option 2

In this option, all symbols contain both control and data. Furthermore, the number of RB and RB location for control and data are identical for every symbol. This guarantee identical PAPR and hence no transient period is needed for the UE to adjust PA gain state. Of course, this option does not incur and transient period to adapt PA transmission bandwidth.

Even though all symbols having the same PAPR, there is no guarantee that this PAPR will be better or worse than the PAPR of the symbol that contain only control, or the symbol contain only data with same number of RB. This remains an important question to answer in system design, which we will discuss in more details later.

2.4. Option 3

In principle, option 3 is a superset that have all option 1A and 2 as special cases. For this reason, we focus on this section the case where the RB allocated to control makes it strictly different from option 1A and 2.
Using the same observation as in option 2, the PAPR (and in some case even the emission requirement) of the symbols contain both control and data and that of the symbols contain only data maybe different. The difference is due to 3 factors: 1)mixed modulation order between control and data; 2) mixed multiple antenna transmission scheme between control and data and 3)different PSD between control RB and data RB (when PSD boosting is used for control). Again, the observation here is similar to that of the option 1A.
The observation for transmission bandwidth is also the same.
2.5. Key Observations

Observation 1: PAPR of the symbols contain control only, symbol containing data only, symbols containing both control and data may be different.

Observation 2: 

· If the same back-off power is allowed for both control portion and data portion, then there is no need for transient period to adjust AGC gain state.

· Otherwise, a transient period between the control portion and data portion is needed.

This applies to Option 1A, 1B and 3.

Observation 3: When the total transmit RB (control and data combined) change. A transient period is needed (option 1B).

Proposal 1: RAN4 answer to RAN1 according to observations 1-3.

2.6. MPR/A-MPR consideration

Comparing option 1A, 2 and 3, which do not require transient period for all practical purposes (i.e. assume the same back off for all symbols), the only difference between them is the required MPR/A-MPR.
At this point, it is very hard to say which option require most MPR/MPR since it depends on multiple factors:
1. The PSD difference between control and data RBs

2. The modulation order of control and data.

3. Multiple antenna transmitting scheme of control and data

4. RB allocation (start and number of RB) of control and data portion.

Once those information are available, the RAN4 can do a quantitative evaluation of all possible waveform for each options to derive the best one in terms of required back-off power.

Observation 4: Consideration for option to multiplexing control and data should not only based on transient period but also the backoff power requirement
3. AGC Settling Time

In RAN4 meeting 88bis, it has been concluded that the AGC settling time is 1 OFDM symbol for 15KHz SCS. The number for 30KHz and 60KHz is still FFS. 

The AGC settling time is driven by the time needed to collect sample data about input power and the time taken to properly configure AGC setting parameter according to the estimated input power. The amount to complete these tasks is independent to the SCS assuming sampling rate remain the same (so changing SCS only change the FFT size, and hence change the OFDM symbol length). Thus, the AGC settling time is best described by an absolute amount, and the difference between different SCS is simple round this amount up to the nearest multiple of OFDM symbol length.
Having state that, I think it is only important for RAN4 to conclude on an absolute number in time for this delay and inform RAN1 about this value. The task of rounding up to the nearest multiple of OFDM symbol length is trivial and can be left to RAN1.
Proposal 2: RAN4 continue to discuss the AGC setting time as an absolute number in time, regardless of SCS and OFDM symbol length.

4. Conclusion

In this paper we discuss 2 problems, that was requested by RAN1 in 2 LSs [1,2]
1. Considering 3 options of multiplexing PSSCH and PSCCH for NR V2X, what is the implication in terms of transient time for each option.

2. What is the required AGC settling time for NR V2X (answered for 15kHz SCS but remaining open for other SCSs).

Base on the discussions, the following observations and proposals are made:

For PSSCH and PSCCH multiplexing
Observation 1: PAPR of the symbols contain control only, symbol containing data only, symbols containing both control and data may be different.

Observation 2: 

· If the same back-off power is allowed for both control portion and data portion, then there is no need for transient period to adjust AGC gain state.

· Otherwise, a transient period between the control portion and data portion is needed.

This applies to Option 1A, 1B and 3.

Observation 3: When the total transmit RB (control and data combined) change. A transient period is needed (option 1B).

Proposal 1: RAN4 answer to RAN1 according to observations 1-3.

Observation 4: Consideration for option to multiplexing control and data should not only based on transient period but also the backoff power requirement
For AGC settling time

Proposal 2: RAN4 continue to discuss the AGC setting time as an absolute number in time, regardless of SCS and OFDM symbol length.
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