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Introduction
In this contributions, we provide analysis of impact on TAE and single chain Tx/Rx architecture for PRS/SRS BW aggregation in intra-band contiguous CA based on the WF [1]. 
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The latest RAN4 104e meeting agreed initial conclusion that PRS/SRS bandwidth aggregation for intra-band contiguous carriers is feasible for single chain Tx/Rx architecture. But we should more discuss about Tx/Rx architecture whether focusing on only single chain Tx/Rx architecture is reasonable or not. And to evaluate the performance gain at realistic RF impairment, we should discuss about the RF impairment models. 
	Way forward: Further discuss the following in the next RAN4 meeting:
· RF architecture – can we focus on a single RF architecture (i.e., single Tx/Rx chain), align on target architectures
· Studying RF impairment model (timing/group delay/frequency/phase) first to assess performance and accuracy gain with realistic impairments
· Studying achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA
· Notifying RAN1 of the UE transmit power limitation due to potential prioritization



In this contribution, we provide our views about single chain Tx/Rx architecture, and the simulation results for accuracy gain according to TAE which is within specified requirements for intra-band contiguous CA.




2.1. Achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA
Before checking achievable accuracy gain when TAE is within specified requirement for intra-band contiguous CA we confirmed achievable detection probability gain at TAE 0 case with link level simulator. From the results, we can see that similar performance between 50MHz + 50MHz and 100MHz only. And the detection probability gain of 100MHz + 100MHz is about 3dB compare to 100MHz or 50MHz + 50MHz. The definition of “detection” is .
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Figure 2. Detection probability of BW aggregation at AWGN channel environment
The minimum requirement of TAE is 260ns at intra-band contiguous carrier aggregation. So, we checked small enough TAE values which satisfy the requirement. And other detailed simulation assumptions are in Appendix. 

To check the accuracy gain according to the TAE value, there is reference performance which has 0 TAE. Figure 2 shows the PRS correlation output power at the receiver according to TAE values. There are one or two peak positions according to TAE values. The ideal position index of CC0 is 4416, and the ideal position of CC1 is delayed by TAE values. For example, when the TAE value is 3 sample, there are two peak positions at 4416 and 4419. And in case of TAE value is 2 sample, there are only one peak position at 4417 which is middle point of 4416 and 4418. It make very low detection probability with detection window of  (refer to A of Figure.3)
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Figure 2. One shot correlation power at Es/Iot 30dB single tab environment according to TAE
Figure 3 shows the detection probability according to the TAE value. From the detection probability label, the meaning of “On pos.” is the ideal position of CC0. And there are 4 kinds of detection windows of less than 1 sample, less than 2 samples, less than 3 samples, and less than 5 samples. Based on the simulation results, almost 2dB performance degradation compared with the reference performance is observed even at 5ns () TAE value due to the reduced PRS correlation peak power with separated peak position in Figure 2. So, to get fully accuracy gain at BW aggregation, the TAE value should be close to zero. To guarantee almost zero TAE in intra-band contiguous CA, single chain Tx/Rx architecture should be the baseline for PRS BW aggregation. 
Proposal 1: Single chain Tx/Rx architecture is only feasible to achieve PRS BW aggregation gain.
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Figure 3. Accuracy gain according to TAE at 100MHz + 100MHz

2.2. Single chain Tx/Rx architecture for Intra-band contiguous CA case 
From the initial conclusion that PRS/SRS bandwidth aggregation for the intra-band contiguous carrier is feasible for single chain Tx/Rx architecture, the single chain Tx/Rx architecture can be complicated when the separation of center frequency between CC0 and CC1 is not an integer multiple of subcarrier spacing. If the separation of center frequency between CC0 and CC1 is an integer multiple of subcarrier spacing then it is easy to mapping the modulation symbols to subcarrier. But if the separation of center frequency between CC0 and CC1 is not an integer multiple of subcarrier spacing, then it could not map for the modulation symbols to subcarriers CC0 and CC1 concurrently. So, the CC0 and CC1 IFFT process should be separated and after IFFT process CC1 (or CC0) needs to frequency tuning for the residual frequency offset.
Following Figure 4 shows a simple IFFT process at an integer multiple of subcarrier spacing case. 


Figure 4. Center frequency separation between CC0 and CC1 is Integer multiple of subcarrier spacing case

But if the separation of center frequency between CC0 and CC1 is not an integer multiple of subcarrier spacing, at least one of the CCs needs frequency tuning after IFFT procedure. The following figures show that CC0 is reference and CC1 has residual frequency offset. In this case, IFFT output of CC1 needs frequency tuning like this:






Figure 5. IFFT operation for CC0 only



Figure 6. IFFT operation for CC1 only and frequency tuning



Figure 7. CC0 + CC1 time domain sequence

Observation 1: If the separation of center frequency between CC0 and CC1 is not an integer multiple of subcarrier spacing, then at least one of CCs needs frequency tuning after IFFT procedure.

Proposal 2: To enable simple single chain Tx/Rx architecture, the separation of center frequency between CCs should be studied and specified if necessary (i.e. as an integer multiple of subcarrier spacing).


Conclusions
In this contribution, we discuss the impact of TAE on PRS detection performance and single chain Tx/Rx architecture for PRS/SRS BW aggregation. And we provide our proposals as follows.
Proposal 1: Single chain Tx/Rx architecture is only feasible to achieve PRS BW aggregation gain.
Proposal 2: To enable simple single chain Tx/Rx architecture, the separation of center frequency between CCs should be studied and specified if necessary (i.e. as an integer multiple of subcarrier spacing).
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Appendix
Table 1 Simulation assumption for FR1-1
	Parameter
	Setting

	Scenario
	Single Tab

	Carrier frequency
	3.5GHz

	Bandwidth
	50+50MHz 
100+100MHz

	SCS
	60kHz

	PRS related
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