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1 Introduction
In last RAN1 meeting, an LS on SRS switching was sent to RAN4. This contribution provides analysis on NR SRS switching based on the questions in the LS.
2 Discussion

Some clarifications and questions related to SRS switching from RAN1 are re-copied as below:
Feature 2-55 addresses the SRS switching across antenna ports in the same TDD carrier when the number of Rx ports is larger than the number of Tx ports. It was raised that due to UE architecture constraints, the UE may experience DL interruption in certain bands during the SRS switching. This could occur for example in FDD-TDD CA, when the FDD and TDD carriers share antennas. 

Question 1: 

Can RAN4 confirm that there is a need for the UE to report pairs of bands per band combination where the SRS switching in the first NR band creates an interruption in the DL in the second NR band?

Question 2: 

Is there a need for the UE reporting pairs of bands per band combination where the SRS switching in the first band creates an interruption in the DL in the second band, where one of the bands is LTE and the other band is NR in the case of EN-DC?

Feature 2-56 addresses SRS switching across NR carriers in TDD CA when the UE switches transmission from a carrier on which there is PUCCH/PUSCH configured to a carrier on which there is no PUCCH/PUSCH configured or when the UE switches transmission from a carrier on which there is no PUCCH/PUSCH configured to another carrier on which there is no PUCCH/PUSCH configured.  

Question 3: 

RAN1 kindly requests RAN4 to provide candidate values for the required switching time for carrier-based SRS switching in NR, including switching to/from SUL carriers. The required switching times would be indicated as UE capability. Alternatively, RAN4 may inform RAN1 if the same values as in LTE should be used. 

As explained in the LS, Q1 and Q2 are for the case of single TDD carrier. Feature 2-55 only mentioned antenna port switching. From a previous LS by RAN4 in [2], antenna switching time is 15 us for sounding different antenna ports. Though it was not mentioned by RAN4 whether 15us is applicable for both frequency ranges, i.e. FR1 and FR2, as antenna array is utilized for mmWave UE implementation, and antenna structure is quite different from that of sub-6GHz, in our view the 15us switching time is only applicable for FR1. The other thing which is related to SRS switching in a TDD carrier is the possibility of bandwidth adaptation and LO retuning. The corresponding switching time can be found in [3].
Q1 is specific to NR FDD-TDD CA or TDD-TDD CA. According to the updated NR band/band combination list in [4], both FR1 + FR1 (e.g. n8+n79) and FR1 + FR2 (e.g. n8+n258) combinations are proposed so far in RAN4. For FR1 + FR1 combination, as these bands could share the same antenna for sub-6GHz, SRS switching across antenna ports may have impact on the second NR band, which depends on specific band combination and UE implementation.. In addition, if bandwidth reconfiguration and LO retuning also happen during the SRS switching in the TDD carrier, since the RFIC could be shared, it is possible that the SRS switching in the first NR band can cause an interruption in the DL in the second NR band due to LO pulling issue. For FR1+FR2 band combination, as antennas are separated, antenna port switching would not cause interruption in the second band. On the other hand, with different RFICs for FR1 and FR2 bands the SRS switching due to LO retuning would not cause interruption to the second band.
Therefore, it is necessary that the UE to report pairs of bands per band combination where the SRS switching in the first NR band creates an interruption in the DL in the second NR band for the case in Q1.

For Q2, it is similar to Q1. Though the RFIC could be separated for LTE and NR, which means there is no interruption caused by case of LO retuning, however, the antenna could be shared by LTE and NR bands for sub-6GHz UE implementation. Thus the SRS switching still could affect the DL of LTE band for EN-DC scenario. Thus for case in Q2, there is a need for the UE reporting pairs of bands per band combination where the SRS switching in the first band creates an interruption in the DL in the second band.
For Q3, it is the case for SRS switching across NR carriers in TDD CA. The scenario in this case is similar to that of LTE SRS switching [5]. Possible UE structures and corresponding SRS switching time have been analyzed in detail in [6], which can also cover the case in Q3 including switching to/from SUL carriers. The values for the required switching time for carrier-based SRS switching were captured in the LS to RAN1 in [7] and the same values as those for LTE should be used for NR FR1as well. For FR2, the SRS carrier switching could happen for intra-band CA and inter-band CA scenarios. In last RAN4 meeting, RAN4 had an agreed WF in [8], which clarifies that UL/DL frequency location is the same based on the DL CA configuration, i.e. the LO does not retune no matter where the UL carrier is located. With regard of inter-band case, so far RAN4 does not have the FR2-FR2 inter-band CA combination and for the FR1-FR2 inter-band CA combination, as the antennas and RF channels are separated for FR1 and FR2, 0us switching time is feasible for carrier switching. 
3 Conclusion

Consideration on the NR SRS switching is provided based on LS input from RAN1. For the three questions raised by RAN1, we have the following view:
Question 1: 

Can RAN4 confirm that there is a need for the UE to report pairs of bands per band combination where the SRS switching in the first NR band creates an interruption in the DL in the second NR band?

Answer 1: It is necessary for the UE to report pairs of bands per band combination where the SRS switching in the first NR band creates an interruption in the DL in the second NR band for inter-band NR CA.

Question 2: 

Is there a need for the UE reporting pairs of bands per band combination where the SRS switching in the first band creates an interruption in the DL in the second band, where one of the bands is LTE and the other band is NR in the case of EN-DC?

Answer 2: It is necessary for the UE to report pairs of bands per band combination where the SRS switching in the first NR band creates an interruption in the DL in the second NR band for EN-DC.

Question 3: 

RAN1 kindly requests RAN4 to provide candidate values for the required switching time for carrier-based SRS switching in NR, including switching to/from SUL carriers. The required switching times would be indicated as UE capability. Alternatively, RAN4 may inform RAN1 if the same values as in LTE should be used. 

Answer 3: Same values for the required switching time for carrier-based SRS switching as those for LTE should be used for FR1. No switching time is needed for FR2 carrier switching.
A reply LS shall be sent to RAN1 with aligned RAN4 understanding.
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