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1. Introduction
[bookmark: _Hlk528680199]In the last RAN4 meeting, companies have discussions on the NR extended to 71GHz demodulation requirements. Following WF was agreed on the general issue part. 
· General aspects of demodulation requirement definition
Issue 1-2-1: General scope of BS demodulation performance requirements
Define PUSCH, PUCCH, and PRACH performance requirements.
Issue 1-2-2: General scope of UE demodulation and CSI reporting performance requirements
Define PDSCH, PDCCH, PBCH, SDR performance requirements.
Issue 1-2-3: Scenarios to be considered for requirements definition
RAN4 defines demodulation requirements for the following scenarios:
· SA FR2-2
· NR DC or CA with FR1 anchor and FR2-2
RAN4 does not consider FR2-2 CA scenario in Rel-17
Issue 1-2-4: Shared spectrum access requirements
Define BS requirements without LBT
Define UE requirements without LBT
· FFS UE requirements with LBT
Issue 1-2-5: TDD pattern
Consider the following TDD pattern as a baseline for simulation results alignment:
· 120 kHz: 3D1S1U, S=10D:2G:2U
· 480 kHz: 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U
· 960 kHz: 29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U
Other options are not precluded

· Channel model for requirements definition
Issue 1-3-1: Propagation conditions
Both static propagation condition (for PRACH, CQI definition test) and Multi-path fading propagation conditions are considered.
Issue 1-3-2: RMS delay spread
TDL channel model:
· Option 1: TDL-A
· Option 2: TDL-D
RMS Delay spread:
· Option 1: 5ns
· Option 2: 10ns
· Option 3: 20ns
Note: Definition of requirements with different channel models is not precluded
Issue 1-3-3: Max Doppler frequency
Consider 3 km/h UE speed ( 200 Hz ).
FFS on higher UE speed.
· Option 1: 10 km/h (650 Hz)
· Option 2: 30 km/h (2000 Hz)

· Phase noise
Issue 1-4-1: Study on phase noise impact for requirements derivation
Companies deliver two sets of ideal simulation results for requirement discussion. Result set#1 is without phase noise and set#2 is with phase noise.
· No Tx phase noise is modelled
· Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less than 1 dB)
· 70 GHz carrier frequency is assumed
Issue 1-4-2: Phase noise model
Consider PN model set 1 and 2 in TS 38.808 for initial simulation results alignment.

· Implementation of FR2-2 requirements into specification
Issue 1-5-1: Implementation of FR2-2 requirements into specification
Capture FR2-2 demodulation requirement into same section as FR2-1 but with different tables if possible.

In this contribution, general issues of NR extended to 71GHz demodulation are analyzed.     

2. Discussion
2.1. LBT model 
The LBT benefit is very limited for FR2-2 based on RAN1 study report due to high directional beam and very high propagation loss. In that case, gNB won’t cause obvious interference to other gNB if the ISD is larger than 10m. UE could operate with LBT mode or without LBT mode when gNB indicate the LBT mode. It is not mandatory for UE to use LBT in Rel-17 FR2-2. Furthermore, licensed band (n264) is still under discussion in RAN4. Requirements without LBT could be applied for both licensed and unlicensed band based while requirement with LBT would not be applied for licensed band. In that case, we think requirement without LBT is better for FR2-2.  
Proposal 1: Define FR2-2 demodulation requirement without LBT model for both DL and UL. 

2.2. Phase noise impact
Base on the LLS results in TR38.808 and our simulation results in [3] [4], phase noise will cause obvious performance degradation for high modulations when PN model order is high (typical for UE). The PN model set#2 cause larger degradation than model set#1 in most of MCS22 cases. The CPE (+ ICI) can improve the performance when phase noise impact is severe, and the compensated SNR values are quite similar between two PN model sets. 
Observation 1: Phase noise impact is only obvious for high MCS.
Observation 2: CPE (+ICI) could secure achieving the peak throughput when phase noise is severe but won’t help for low SNR cases.
Observation 3: Two PN model sets have similar performance at high modulation cases after ICI compensation. 
Some companies argued that the phase noise depends on implementation and no model can reflect the real phase noise. It is true that phase noise would be variant between different product, but the requirement should be defined to secure the receiver can achieve good performance under most of phase noise conditions. The model sets in TR could describe typical FR2-2 phase noise impact and help us to find the reference performance point. Different PN model order also shows a potential degradation range caused by PN. 
For simulation, PN model + CPE (+ ICI) could be needed to get a proper SNR value for high MCS case as the input for requirement. How to choose CPE and ICI implementation can be decided by companies.  
Proposal 2: Consider phase noise model (+ CPE (+ ICI)) for the FR2-2 demodulation simulation. Companies can choose preferred PN model sets and choose the best simulation values among no compensation, CPE compensation and CPE+ICI compensation for the requirement.  
In the real tests, TE should also have phase noise impact, but it is expected to be small. It would be good that TE vendors can give input on it. If it can’t not be ignored, then we need to consider it in the simulation either. Currently, based on our simulation results, the performance difference is not too much (~0.5dB) when considering both Tx and Rx phase noise (DL: Tx use PN order 0, RX use PN order 5). 
Proposal 3: Invite TE vendors to give comment if FR2-2 phase noise impact by TE can be ignored or not.

2.3. Link budget and testability
Currently, it is not clear about the RF test setup for FR2-2, especially on BS side. The RF discussion is just ongoing. In that case, link budget is hard to be calculated to see the proper PRB allocation for each SCS and SNR limit. It will impact the bandwidth and MCS configurations in demodulation requirements. For example, full bandwidth might be feasible for UL test based on the link budget, then only partial bandwidth could be applied. In that case, the very larger bandwidth requirement might be unnecessary. 
The further investigation is needed to figure out the feasible link budget to implement requirement and test. Final decision on link budget relevant configurations should be pended until RF session have agreements on OTA test setup. 
Proposal 4: Pend the final decision on link budget relevant configurations, such as bandwidth and MCS, until link budget is figured out based on RF session agreements on OTA test setup, especially for UL.

2.4. Channel model
There are a lot of candidate channel models based on WF in the last meeting. 
· TDL-A (NLOS) and TDL-D (LOS) channel
· Delay spread: 20ns, 10ns, 5ns
· Doppler shift: 200Hz, 650Hz, 2000Hz
We think NLOS channel model TDL-A is necessary regarding outdoor deployment. In general, NLOS channel request more complex estimation algorithm which is more suitable for the requirement. Based on our simulation, TDL-A channel are OK for all delay spread and Doppler combinations, but normally cause 4dB performance degradation compared to TDL-D with same delay spread and Doppler shift. For requirement point of view, the worse case TDLA should be chosen for outdoor deployment. If high MCS with TDLA would be limited by link budget, TDLD could also be considered but targeting indoor deployment. 
Regarding our simulations, all candidate delay spread values and Doppler shift combinations can achieve peak throughput after ICI compensation, even for 20ns with 2000Hz.  For outdoor deployment, it could be possible to have 20ns or even 30ns delay spread and medium UE speed. The worst case could be chosen for the requirement. Similar as propagation model, testability could be considered here either of course. The target SNR should not be over the limit based on link budget. Anyway, more simulations are needed.
Proposal 5: Take TDL-A for FR2-2 demodulation requirement regarding outdoor deployment. The configuration of delay spread and Doppler shift should be set under the worst case regarding to simulations. 
Another issue is the tap resolution for TDL channel model profile. Current resolution is 5ns in all RAN4 specifications, and the corresponding correlation bandwidth is up to 200MHz. For FR2-2, the channel bandwidth could be 1.6GHz or even 2GHz, 5ns resolution would lead to repeating 200MHz correlation bandwidth. If a larger correlation bandwidth is wanted, the smaller tap resolution is needed. But it seems hard for TE vendors to produce smaller tap resolution. Anyway, TE vendors should give input on this issue. 
Proposal 6: Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.   

3. Conclusions
Proposal 1: Define FR2-2 demodulation requirement without LBT model for both DL and UL. 
Observation 1: Phase noise impact is only obvious for high MCS.
Observation 2: CPE (+ICI) could secure achieving the peak throughput when phase noise is severe but won’t help for low SNR cases.
Observation 3: Two PN model sets have similar performance at high modulation cases after ICI compensation. 
Proposal 2: Consider phase noise model (+ CPE (+ ICI)) for the FR2-2 demodulation simulation. Companies can choose preferred PN model sets and choose the best simulation values among no compensation, CPE compensation and CPE+ICI compensation for the requirement.  
Proposal 3: Invite TE vendors to give comment if FR2-2 phase noise impact by TE can be ignored or not.
Proposal 4: Pend the final decision on link budget relevant configurations, such as bandwidth and MCS, until link budget is figured out based on RF session agreements on OTA test setup, especially for UL.
Proposal 5: Take TDL-A for FR2-2 demodulation requirement regarding outdoor deployment. The configuration of delay spread and Doppler shift should be set under the worst case regarding to simulations.
Proposal 6: Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.   
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