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	In the last RAN4 #99-e meetings, RAN4 discussed and agreed WF on the PC2 intra-band UL NC CA architecture options and related MPR requirements and other open issues.
In agreed WF [1], the following open issues will be studied in this meeting as follow
· Further evaluate all the optional architectures to ensure the performance is not worse than PC3, considering  
· MPR values
· In-gap relaxation requirements and applicable conditions
· Regulations, considering 
· n77 PC2 with n48 in-gap, (to check if it is valid use case or not)
· Swapping time for Arch#4 
· In-gap exception requirements (only for ACLR) for Rel-16 legacy power class 3 UE
· WF on architectures and MPR
· All 4 architectures are pursued for evaluation
· One LO architectures (#2 and #3) are further checked for exceptions and have a dedicated MPR table to enable simultaneous UL CA + UL MIMO with 2 transmit paths.
· Two LO architectures (#1 and #4) MPR is evaluated separately and the decision on using the same or separate MPR tables or delta MPR for #4 is based on:
· PC2 MPR providing significant improvement vs PC3
· Further discuss how to consider the PA swapping time for #4 and its impact to performance versus PC3
· Either impact of swap time is negligible (< 10 to 15us - MRTD)
· Or Scell is allowed to reach only PC3 (no swap) but MPR including delta MPR provides at least 1.5dB higher total power vs PC3
· WF on regulation aspects for exceptions needed for architecture #2 and #3
· Companies are encouraged to provide input whether 3dB ACLR or carrier and image leakage SEM relaxation complies with regulation: 
· WF: for ACLR, relaxation of 4dB or better image assumptions are decided at next meeting
· Per country/region
· Depending on deployment (co-located, synchronous…)
· Depending on the relaxation level
· For n77(2A) PC2 in the US whether the use-case where first CC is in 3.45-3.55GHz, second CC is in 3.7-3.98GHz and image leakage falls in 3.55-3.7GHz range (n48 frequency range) is compliant with regulation if in-gap exception are allowed
· Note that given that the gap is 150MHz and architecture #2 and #3 only support 200MHz total the aggregated BW is limited to 50MHz max. 
· if the CCs BW used in spectrum below and above n48 are not the same a part of the image may fall onto the band 48 spectrum
· WF: Image leakage, for next meeting mitigation  or deployment restrictions are further studied:
· WF: Carrier leakage, allow exception to a level similar to PC3 based on improved carrier leakage level.

In this contribution, we provide our view on the remaining open issues such as swapping time for architecture #4 and how to specify MPR requirements according to RF architectures.
2. Swap time for Architecture #4
In last RAN4 meeting, RAN4 studied which scenarios are expected the PA swapping time to support intra-band non-contiguous CA in geometrically co-located scenarios.
There are 5 candidate options to solve this issue as follow
Issue 2-2-2: For 1x23dBm + 1x26dBm PA + 2LO with 100MHz BW, how to handle the swap time between PAs?
· Proposals
· Option 1: PA swap time for 26+23 dBm 2 LO architecture is << CP length and no impact to RAN1 for it.
· Option 2: specify 35us and 140us as the PA swap time for architecture #4.
· Option 3: a maximum swap time of 15us is allowed
· Option 4: PA swap time for architecture #4 could be 0us or 35us or 140us, define new UE capability to indicate PA swap time.
· Option 5: The PA swapping time does not need for intra-band non-contiguous CA since each PA per CC operate for intra-band non-contiguous CA operation.

In e-mail discussion summary paper, some companies propose the use cases for PA swapping time as follow
1) Case 1: Scell power level is set to larger than 23dBm and Pcell power level is set to less than 23dBm for PC2 intra-band NC-CA UE.
2) Case 2: one CC (26dBm Power) only transmitted case. But 23dBm PA was assigned for the CC.

For the analysis the Case 1 and Case 2, we assumed that as follow 
· Basic assumptions for analysis
· 1x26dBm PA (1st RF chain) + 1x23dBm PA (2nd RF chain)
· Pcell is operated in 1st RF chain and Scell is operated in 2nd RF chain

For Case 1, we can consider Scell power is configured as 25dBm in a certain time. But 2nd RF chain’s PA is 23dBm, hence PA swapping from 2nd RF chain to 1st RF chain is needed
But, the Case 1 is quite corner case for the intra-band NC-CA operation scenarios perspective. Because RAN4 only considered that NW is deployed in co-located scenarios for intra-band NC-CA in Rel-17. The MRTD and MTTD is less than 10~15us for the co-located deployment scenario. And Pcell’s channel information is considered to control the all UL scheduling grant. Therefore, usually similar power level for CC1 and CC2 can be configured as power control mechanism for intra-band NC-CA UE. Also if the Scell power level is larger than Pcell power for certain duration, then Pcell will be changed to the good quality’s CC.
Observation 1: For Case 1, it is not general use case for intra-band NC CA operation when NW is deployed in co-located scenarios (MRTD is less than 10~15 us). 
For the Case 2, the Scell only transmission with maximum output power (26dBm) could not supported for the intra-band NC-CA. Because maximum power transmission of Scell is mean that the UE is located in cell boundary, then the Scell’s channel quality is quite worse. So NW will not configured the maximum transmitted power, the Scell will be released.
Observation 2: For Case 2, it is corner case to configure Scell with maximum transmission power since the NW expected that the UE is located in cell boundary. So the Scell can be released.

Therefore, we think that both case 1 and Case 2 is not general use cases for intra-band NC-CA UE, RAN4 do not need to define the additional swapping time requirements for #4 RF architecture (1x23dBm + 1x26dBm  with 2LOs) for PC2 intra-band NC-CA UE.
Proposal 1: RAN4 do not need to define the additional swapping time requirements for #4 RF architecture (1x23dBm + 1x26dBm with 2LOs) for PC2 intra-band NC-CA UE. 

3. MPR requirements according to RF architecture 
The candidate RF architecture as follow in Table 1.
Table 1. Candidate RF architecture for PC2 intra-band NC-CA
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For the one LO architecture (#2, #3 RF architectures), RAN4 can specified the dedicate MPR requirements to support simultaneous UL-CA and UL MIMO in Rel-17.
Proposal 2: RAN4 will specify the one MPR Table to support the PC2 simultaneous UL CA + UL MIMO with 2 transmit for 1 LO RF architecture.
For the two LO architecture (#1, #4 RF architectures), RAN4 can specified the one set MPR requirements to support the PC2 intra-band NC CA UE. Hence, RAN4 consider worst RF architecture #4 to derive MPR requirements for PC2 intra-band NC CA UE.
The previous MPR results [2] will be considered to specify the MPR requirements for PC2 intra-band NC-CA UE. Even though the maximum 1.5dB MPR difference is expected as some RB allocation between #1 and #4 RF architecture. But most MPR difference is less than 1dB MPR based on the MPR results. 
So, we can propose as follow
Proposal 3: RAN4 will specify the one MPR Table to support the PC2 intra-band NC-CA UE for 2 LOs RF architecture based on the #4 RF architecture.
Proposal 4: The required MPR values would ensure that the PC2 intra-band NC-CA UE is better performance than PC3 intra-band NC-CA UE.

4. Conclusions
In this paper, we provide our view on the remaining open issues such as swapping time for architecture #4 and how to specify MPR requirements according to RF architectures. 

For the swapping time, we share our observations based on deployment scenarios for PC2 intra-band NC-CA.
Observation 1: For Case 1, it is not general use case for intra-band NC CA operation when NW is deployed in co-located scenarios (MRTD is less than 10~15 us). 
Observation 2: For Case 2, it is corner case to configure Scell with maximum transmission power since the NW expected that the UE is located in cell boundary. So the Scell can be released.

Based on the above observations, we propose as following
Proposal 1: RAN4 do not need to define the additional swapping time requirements for #4 RF architecture (1x23dBm + 1x26dBm with 2LOs) for PC2 intra-band NC-CA UE. 
Proposal 2: RAN4 will specify the one MPR Table to support the PC2 simultaneous UL CA + UL MIMO with 2 transmit for 1 LO RF architecture.
Proposal 3: RAN4 will specify the one MPR Table to support the PC2 intra-band NC-CA UE for 2 LOs RF architecture based on the #4 RF architecture.
Proposal 4: The required MPR values would ensure that the PC2 intra-band NC-CA UE is better performance than PC3 intra-band NC-CA UE.
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