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Introduction
In the RAN#89e meeting, introduction of DL 1024QAM for NR FR1 [1] was approved to further enhance the network throughput similar as LTE 1024QAM. Currently, corresponding PHY related work has been completed in RAN1. In this contribution, we want to share some initial considerations on potential constraints from BS RF perspective.
· Specify corresponding UE and BS RF core requirements [RAN4]
· UE and BS RF core requirements are specified for stationary wireless scenarios with up to 2 layer DL MIMO
· The cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirements are defined will be studied and decided by RAN4.
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK13][bookmark: OLE_LINK10]Discussion 
The analysis for NR 1024QAM should focus on the achieved EVM performance, identify performance gain in certain scenarios and its applicable deployment scenarios similar as what has been did for LTE 10241QAM.
Regarding the achieved EVM performance, it might be necessary to identify the essential difference between LTE and NR system which might contribute to potential EVM difference. Compared with LTE system, some major difference for FR1 NR should be larger channel bandwidth supported in lots of bands (e.g.up to 100MHz specified), massive MIMO architecture (e.g. 8x8 antenna array with digital beamforming) and higher frequency range supported (e.g. n77/n78/n79).
For first two factors mentioned above, this would mainly have the impacts on the I/Q compression/decompression due to the limited bandwidth of fiber link and increasing channel bandwidth and MIMO layers of NR. Indeed, this kind of I/Q compression and decompression was also considered and implemented in LTE system, the key question would be whether the same compression rate for LTE and NR are used or not. If lower compression rate like 8/6 bit compression algorithm are used, then EVM contribution would be worse than that of 11 bit compression algorithm, however of course this really depend whether the capacity of fiber link is sufficient or not and this need some further discussions among vendors before reaching the consensus. 
[image: ]
Figure 1. illustration of I/Q compression and decompression
For rest of factors contributing to EVM performance as following, these traditional factors might be not quite related with larger channel bandwidth and massive MIMO architecture of NR system, however we still need to consider all factors one by one. 
1) CFR distortion;
2) I/Q imbalance which could be alleviated by internal self-calibration of BS;
3) Transmit chain non-linearity, mainly referring to PA non-linearity;
4) Phase noise originated from LO;
For EVM contribution of CFR distortion and I/Q imbalance, it should be similar between LTE and NR, therefore there should be no much difference from EVM contributor perspective. 
For EVM contribution of PA non-linearity of NR, its performance should be worse than that of LTE due to the larger channel bandwidth supported for NR system since PA non-linearity would be more complicated within larger channel bandwidth and lower PSD of NR compared with LTE if the same output power is assumed for LTE and NR would result in relative worse DPD performance.  
For EVM contribution of phase noise of NR, it should make no difference between LTE and NR system, however the supported frequency range for licensed band of FR1 NR is up to 7125MHz (licensed 6GHz would be coming soon) which is also much higher than upper frequency range of licensed band of LTE (e.g. B42, B43), therefore at least for band n77/n78/n79 and licensed 6GHz band of NR, phase noise difference should also be taken into account.

Based on above considerations, from the EVM contributor perspective, at least following factor should be taken into account for FR1 NR 1024QAM.
1) I/Q compression and decompression due to larger channel bandwidth and higher MIMO layers;
2) Transmit chain non-linearity, mainly referring to PA non-linearity due to larger channel channel bandwidth;
3) Phase noise due to higher frequency range supported for NR compared with LTE.

Proposal 1: at least following factor should be taken into account for FR1 NR 1024QAM.
1) I/Q compression and decompression due to larger channel bandwidth and higher MIMO layers;
2) Transmit chain non-linearity, mainly referring to PA non-linearity due to larger channel channel bandwidth;
3) Phase noise due to higher frequency range supported for NR compared with LTE.

In addition, link level evaluation for NR 1024QAM might be also needed to identify performance gain in certain scenarios and its applicable deployment scenarios similar as what has been did for LTE 10241QAM, the detailed simulation assumptions are listed in the Annex 5. 
Conclusion
In this contribution, we want to share some initial considerations on potential constraints from BS RF perspective.
Proposal 1: at least following factor should be taken into account for FR1 NR 1024QAM.
1) I/Q compression and decompression due to larger channel bandwidth and higher MIMO layers;
2) Transmit chain non-linearity, mainly referring to PA non-linearity due to larger channel channel bandwidth;
3) Phase noise due to higher frequency range supported for NR compared with LTE.
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Annex
Simulation assumption
Simulation assumptions for alignment are as follows
· CBW/SCS
· Case 1: FR1 TDD 40MHz CBW + 30kHz SCS
· HARQ RV sequence: {0, 2, 3,1} for all the modulation orders
· PDSCH scheduling
· Skip scheduling PDSCH for PBCH slot i.e. slot 0 per 20ms
· PDSCH mapping type A
· 2 PRB bundling
· Full PRB allocation
· Precoding model
· FR1: Random Precoding, per slot , PRB bundling granularity(codebook configuration Single panel Type 1)
· Control symbols assumption: 
· FR1: Symbols #0 and 1 in each slot
· Do not schedule PDSCH in in control symbols duration
· DMRS
· Type 1  single symbol front loaded
· 1 additional DMRS for Low (5/10Hz) and Medium (100 Hz) Speed scenarios 
· OFDM symbols with DMRS: #2 and #9
· 2 additional DMRSs for High (400 Hz) Speed scenarios
· OFDM symbols with DMRS: #2, #6 and #9
· FDM is applied between DMRS and data for test cases with 1 Layer and 2 Layers
· TRS
· 2 slots pattern
· Periodicity 20ms
· Offset 10ms from SSB
· OFDM symbols with TRS: #4 and #8
· Bandwidth: full BWP
· 0 dB boosting.
·  PTRS
· FR1: PTRS is not configured when introducing performance requirements 
· TDD configurations
· FR1 30kHz SCS
· Configuration 1: 7D1S2U, S =  6D:4G:4U
· Test case applicability is provided for each test case individually
· Channel models
· FR1
· TDL-A with Delay spread RMS=30ns; 10 Hz max Doppler frequency
· Note: TR 38.901 models without simplifications shall be used for alignment simulations
· Impairments modeling for alignment purpose
· FR1
· TX EVM = ??% for 1024QAM
· Receiver assumption:
· 1 layer: MMSE-IRC
· 2, 3, 4 layers: 
· MMSE-IRC as baseline
· R-ML for selected test cases
· Note: in this document no test cases with inter-cell interference are considered
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Test cases



Table 2 List of simulation cases for FR1 TDD with 40 MHz + 30 kHz
	Case Number
	CHBW/ SCS
	MIMO
	MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process

	1
	40MHz/30kHz
	2Tx 2Rx ULA Low
2Tx 4Rx ULA Low
	1024QAM MCS xx
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
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