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1. Introduction
For the transient period discussion, it seems not many divergence for mmWave performance. The concerns on the mmWave VCO was brought up, but it seems not very easy to justify the exact impact to the physical layer channels. Then our understanding is that RAN4 can move on with the 5 us assumption for mmWave. If the VCO is found to impact the performance very much and can’t be solved through the implementation, then the 5 us assumption can be revisited in future.
For the sub-6GHz, there was no agreement on the final requirement. This contribution provides further discussion and makes a proposal.
2. Discussion
2.1 Implementation consideration

There was offline proposal that 5 us can be the requirement for the sub-6GHz requirement, but we don’t think it’s feasible after our further evaluation.

In LTE, 20 us was the requirement and many components were designed with that target. For example, PA, DC-DC converter, RFIC, circuit design including PCB routing, power, ground plane, etc so many components and detail implementations are impacted by that single requirement. When NR comes, it’s reasonable that the requirement can be revisited when physical layer has some new demand like sTTI, self-contained subframe and larger SCS. It was found that 10 us may be achievable with the improvements of PA rise time and the very careful treatment on the power/ground part. That is not easy, but if the seemly single improvement can bring benefit to the whole performance, then it’s valuable. However, we think the 5 us proposal was too aggressive or it’s not feasible. We found that the stringent requirement could at least burden the PA and the DC-DC converter. For the PA, the rise time and the overshoot/ringing performance is a trade-off, which means if the rise time is requested shorter, the overshoot and ringing will be worse, then the Tx signal EVM is impacted. Figure 1 shows the concept of rise time, overshoot and ringing. We're not sure if 256QAM should be supported for UL, but at least there was not conclusion in RAN1 that 256QAM is excluded. Therefore, we think the very aggressive 5 us proposal can make the signal SNR not possible to support high modulation.




Figure 1: Concept of rise time, overshoot and ringing of the waveform
The other important drawback of the short rise time is that it means the current has a fast load transient which causes severe voltage ripple. The voltage and ground noise makes PLL unstable and the PLL needs some time to meet the phase noise requirement after the voltage/ground is clean. We did some evaluation and found that 5 us transient can’t be guaranteed by the DC-DC converter and the PLL performance considering the current fast load impact.
We also have a general concern for the 5 us proposal from some company that good performance may be seen in the prototype which usually uses a large PCB board and many good skills can be used but in the real commercial UE the skills usage can be limited by the room and the cost. Therefore, we prefer to conclude the sub-6 GHz transient period as 10 us rather than too aggressive that it’s possible it can’t be achieved in the commercial UE.
2.2 Physical layer impact consideration
The argument of the need of fast transient was that physical layer demands the very quick response. We agree that argument but if the implementation can’t make the demands happen the physical layer should consider the hardware capability. Taking the mmWave 5 us transient time, if SCS is 120 kHz the symbol duration including CP is only 4.5 us. In that case, the transient time is larger than one symbol. We’re not sure how RAN1 will treat it but we think physical layer should consider the UE capability and make the system work. Comparing with the sub-6 GHz case, it’s the same situation. RAN4 should evaluate more on the hardware capability than considering how physical layer can work which should be the task of RAN1.
And looking at the LS from RAN1, it seems no action was asked for RAN4. Therefore, we think RAN4 can define the requirements based on the best capability agreed in the group. We’re not sure if we need to reply the LS. Then we have the following proposal,
Proposal: RAN4 defines UE sub-6GHz transient period as 10 us.

3. Conclusion
This contribution further discussed sub-6GHz transient period requirement from the implementation and the physical layer point of view. The proposal is provided,
Proposal: RAN4 defines UE sub-6GHz transient period as 10 us.
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