[bookmark: _Hlk68100226]3GPP TSG-RAN WG4 #104Bis-e	R4-2215673
Electronic Meeting, October 10 – October 19, 2022

[bookmark: Source]Agenda item:	6.11.2
Source: 	Qualcomm Incorporated
[bookmark: _Hlk115181366]Title: 	Issues for Non-collocated Deployments with 4Layers per CC
Document for:	Discussion
Introduction
The discussion on introducing requirements for non-collocated intra-band deployments was started in RAN$#104-e and some agreements were reached and documented in [1]. Most of the agreements are for the 2 layer MIMO case, this contribution will focus on the handling of 4Layer MIMO.
Discussion
Intra-band non-collocated deployments are characterized by larger power imbalance and MRTD (maximum relative time difference) between the CCs received at the UE. The baseline RF architecture is expected to be the typical one for intra-band non-contiguous aggregation in which the antenna and LNA is shared among all the aggregated CCs (signals from all CCs will pass through the same RF front end) irrespective of whether the UE is capable of 2 layers MIMO per CC or 4 layers MIMO per CC. The signal is split among the CCs further down the receiver RF chain. 
Observation 1: The RF architecture is with a shared antenna and LNA among all the aggregated CCs irrespective of the number of MIMO layers supported per CC.
The power imbalance between the CCs could lead to signal distortion, especially on the weaker CC as the gain of the LNA will have to be aligned to the stronger carrier. Large MRTD will create issues in aligning the LNA gain switch timing. Since the gain switch can only be aligned to the slot boundary of one of the CCs, the gain change will happen during the useful symbol on the other CC distorting the received signal.
Observation 2: Handling of power imbalance and large MRTD(>CP) are the challenges in intra-band non-collocated deployments.
The specifications for the newly introduced Type II UEs allow for a 25dB power imbalance with a sensitivity degradation of 1dB. The requirements are defined only for 2 Rx based on the assumption that a UE equipped with 4Rx (baseline in the FR1 TDD bands >2.4GHz) will use 2Rx for each CC. In this arrangement, RTD > CP can be tolerated as the UE can align the LNA gain switch timing to the slot boundary of each CC. It should be noted that the signals from all the CCs will still pass through the same RF front end, hence, the LNAs will still have to handle a power imbalance of 25dBs on all 4 receivers. 
Observation 3: the RF front end still has to handle the power imbalance irrespective of the number of receivers used for each CC.
Observation 4: Splitting the receivers among different CCs enables handling of larger receive time difference at the UE.
Based on the above observations, the UE should be able to handle a power imbalance of up to 25dB, however, a RTD > CP cannot be handled by the same receiver. A UE supporting 4 Layer MIMO on each CC will still have only 4 receviers as supporting 8 antennas such that 4 receviers can be dedicated to each CC is unrealistic for a handheld formfactor. In order to enable 4Rx on each CC, the actual RTD should be within the CP such that the LNA gain switching does not distort the useful part of the signal. If the switch happens in the useful part of the signal, the SNR on one of the carriers will be impacted. The performance degradation is rather difficult to assess as it depends on several factors such as actual RTD, which channels are affected (reference signals, control channel or data channel), the actual SNR of the affected signals, etc. This analysis will be very time consuming and results are likely to vary among companies. Another solution to enable 4Rx on each CC would be to have 8 receivers, however, this is not feasible due to the large volume and cost required for such implementation.
Observation 5: RTD should be within the CP to enable 4Rx on each CC.
Observation 6: Performance degradation due to LNA signal distortion is difficult to characterize. RAN4 should not spend time on characterizing the performance degradation.
Proposal: Enable 4Layer MIMO on each CC only with MRTD< CP.
Conclusion
In this paper we discussed the RF architecture for intra-band aggregation and the consequences related to power imbalance, MRTD and number of receivers to be supported on each CC. We made the following observations:
Observation 1: The RF architecture is with a shared antenna and LNA among all the aggregated CCs irrespective of the number of MIMO layers supported per CC.
Observation 2: Handling of power imbalance and large MRTD(>CP) are the challenges in intra-band non-collocated deployments.
Observation 3: the RF front end still has to handle the power imbalance irrespective of the number of receivers used for each CC.
Observation 4: Splitting the receivers among different CCs enables handling of larger receive time difference at the UE.
Observation 5: RTD should be within the CP to enable 4Rx on each CC.
Observation 6: Performance degradation due to LNA signal distortion is difficult to characterize. RAN4 should not spend time on characterizing the performance degradation.
Proposal: Enable 4Layer MIMO on each CC only with MRTD< CP.
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