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1. Introduction
[bookmark: _Hlk528680199]The WI for NR in 52~71GHz has completed the RAN1 part. RAN4 RF and RRM discussions are also implemented for several meetings. It’s time to kick-off demodulation discussion for this WI. In this contribution, general issues of NR extended to 71GHz demodulation are analyzed.     

2. Discussion
· Phase noise impact
In the study report TR38.808 [1], It has been shown that the phase noise had significant impacts on the link performance in the FR2-2 frequency range. Consequently, the phase noise impact should be considered while setting the demodulation requirements. It is worth reminding that in FR2-1, the phase noise impact has been only taken into account in impairment and no model has been agreed. 
To understand the phase noise impact, companies could deliver two sets of ideal simulation results, set#1 is results without phase noise and set#2 is results with phase noise. Companies could get alignment on set#1 at the first and calibrate set#2 after set#1 is aligned, then furtherly decide how to handle the phase noise impact based on the difference between set#1 and set#2. There are two phase noise model sets captured by TR38.808 [1].  Model set 1 could be chosen for simulation to get alignment between companies. 
Proposal 1: 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. Phase noise model could use model set 1 defined in TR38.808. 

· Channel model
The channel model used in FR2-1 BS demodulation requirements are TDLA30-300 (for QPSK and 16QAM) and TDLA30-75 (for 64QAM). Trial simulations based on TDLA30might be useful for checking the performance degradation compared to FR2-1. Considering FR2-2 has the doubled frequency as FR2-1, it will lead to narrower and directional beam, higher path loss and lower PA power. The typical deployment of FR2-2 BS would be smaller cell with mostly LOS propagation. In that case, delay spread would be smaller compared to FR2-1, such as 10ns or even 5ns. New channel models, such as TDLA10 or TDLA5 could be considered for requirement. 
Proposal 2: Companies deliver trial simulation results based on channel model TDLA30, TDLA10 and TDLA5. Consider define new channel model TDLA10 or TDLA5 for FR2-2 demodulation requirement if they are feasible.
UE speed with ~3km/h is generally considered for the FR2-1 requirement. But there is possibility for FR2-2 BS to be deployed outdoor. The connected UE would be at higher speed, such as 30km/h. The corresponding maximum Doppler shift could be much higher at FR2-2. Further check is needed to see if it is feasible for the test metric and if higher doppler shift could be used.  
Proposal 3: Companies deliver trial simulation results based on different maximum Doppler shift 200Hz (UE speed at 3km/h) and 2000Hz (UE at 30km/h) at 70GHz for further discussion. 
Proposal 4: Regarding possible outdoor deployment for FR2-2 BS, consider higher UE speed with more DM-RS configuration, such as 30km/h with 1+1 DM-RS, for the requirement if it is feasible. 

· SCS and bandwidth
SCS 120kHz, 480kHz and 960kHz are introduced for FR2-2 and 480kHz and 960kHz SCS are optional for UE. Basically, RAN4 BS demodulation requirements are defined for each SCS and UE demodulation requirements could only be defined one typical SCS. However, the phase noise impact and how to configure DM-RS/PT-RS for FR2-2 demodulation is not clear at current stage. To simplify the kick-off discussion, 120kHz SCS could be prioritized for both BS and UE demodulation requirement compared with other two SCS. 480kHz SCS and 960kHz SCS could be lower priority, especially for BS.   
The corresponding RAN4 channel bandwidth discussion agreements are showed below.
Regarding possible higher phase noise and PA linearization impact on wider bandwidth, demodulation requirements could start with the minimum and maximum bandwidth. Other bandwidth could be low priority for the discussion. Intermediate CBWs between max and min CBWs
· Integer multiples of the min CBW for each SCS
· 120 kHz: 100 MHz (min), 400 MHz (max)
· 480 kHz: 400 MHz (min), 800 MHz, 1600 MHz (max)
· 960 kHz: 400 MHz (min), 800 MHz, 1600 MHz, 2000 MHz (max) 
· FFS whether 1200Mhz CBW is needed for 480KHz SCS and 960Khz SCS
· FFS whether 200MHz CBW is needed for 120KHz SCS

Proposal 5: Prioritize 120kHz SCS for both BS and UE demodulation requirement discussion. 480kHz and 960kHz SCS could be lower priority. 
Proposal 6: Prioritize the minimum and maximum supported bandwidth for each supported SCS for the demodulation discussion.


· Requirement applicability 
Only shared spectrum access operation is discussed in 52GHz~71GHz for now, but it is not concluded yet that no NR SA operation will be deployed in the future. From demodulation point of view, there wouldn’t be much difference between two types of operations. It would be better to define one set of requirements to cover both deployments. Considering the potentially different test setup (adding LBT model or not), the applicability rule for requirement might be needed if we define separate requirements. 
Observation 1: If LBT is considered, test setup for shared spectrum access is different from NR SA, but there wouldn’t be much performance difference from demodulation perspective. 
Current TDD pattern for FR2-1 is FR2-120-1 and FR2-120-2 which are defined for 120kHz SCS only. For 480kHz and 960kHz SCS, new TDD pattern definitions are needed if licensed deployment is considered. It would be good that RAN4 make a decision that if new TDD pattern is needed for FR2-2 discussion.
Observation 2: If LBT is not considered, only TDD patterns for 120kHz SCS are available. 
To simplify the requirement definition and initial the discussion, we propose consider following TDD patterns for 480kHz and 960kHz SCS. 
Option 1: Same as FR2-120-1, 3D1S1U, S=10D:2G:2U.
Option 2: Keep the same DL/UL duration as 120kHz SCS to keep sufficient processing timeline. 
· 480kHz SCS: 12D4S4U, S1=S2=14D:0G:0U, S3=12D:2G:0U, S4=0D:6G:8U
· 960kHz SCS: 24D8S8U, S1=S2=S3=S4=S5=14D:0G:0U, S6=10D:4G:0U, S7=0D:12G:2U, S8=0D:0G:14U.

Proposal 7: Define one set of FR2-2 demodulation requirements to cover both NR SA deployment and shared spectrum access deployment if possible.
Proposal 8: Define new TDD patterns for 480kHz and 960kHz SCS. Following patterns can be considered:
· Option 1:  Same as FR2-120-1, 3D1S1U, S=10D:2G:2U.
· Option 2:  Use the same DL/UL duration as 120kHz SCS to keep sufficient processing timeline. 
· 480kHz SCS: 12D4S4U, S1=S2=14D:0G:0U, S3=12D:2G:0U, S4=0D:6G:8U
· 960kHz SCS: 24D8S8U, S1=S2=S3=S4=S5=14D:0G:0U, S6=10D:4G:0U, S7=0D:12G:2U, S8=0D:0G:14U.


· Specification impact
Considering possible many new requirements would be introduced for FR2-2, it would be better to capture all new defined requirements into separate tables from current FR2-1 requirements as RF requirements. But it needs to add extra phrase as “for FR2-1” and “for FR2-2” into tables to differentiate requirements. Further discussion is needed if test method or procedure of FR2-2 is different from FR2-1. 
Proposal 9: Follow RF FR2-2 requirement structure, capture FR2-2 demodulation requirement into same section as FR2-1 but with different tables if possible. Adding extra phrase as “for FR2-1” and “for FR2-2” to requirement tables for differentiation.  
 

3. Conclusions
Proposal 1: 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. Phase noise model could use model set 1 defined in TR38.808.
Proposal 2: Companies deliver trial simulation results based on channel model TDLA30, TDLA10 and TDLA5. Consider define new channel model TDLA10 or TDLA5 for FR2-2 demodulation requirement if they are feasible.
Proposal 3: Companies deliver trial simulation results based on different maximum Doppler shift 200Hz (UE speed at 3km/h) and 2000Hz (UE at 30km/h) at 70GHz for further discussion. 
Proposal 4: Regarding possible outdoor deployment for FR2-2 BS, consider higher UE speed with more DM-RS configuration, such as 30km/h with 1+1 DM-RS, for the requirement if it is feasible.
Proposal 5: Prioritize 120kHz SCS for both BS and UE demodulation requirement discussion. 480kHz and 960kHz SCS could be lower priority. 
Proposal 6: Prioritize the minimum and maximum supported bandwidth for each supported SCS for the demodulation discussion.
Observation 1: If LBT is considered, test setup for shared spectrum access is different from NR SA, but there wouldn’t be much performance difference from demodulation perspective.
Observation 2: If LBT is not considered, only TDD patterns for 120kHz SCS are available.
Proposal 7: Define one set of FR2-2 demodulation requirements to cover both NR SA deployment and shared spectrum access deployment if possible. 
Proposal 8: Define new TDD patterns for 480kHz and 960kHz SCS. Following patterns can be considered:
· Option 1:  Same as FR2-120-1, 3D1S1U, S=10D:2G:2U.
· Option 2:  Use the same DL/UL duration as 120kHz SCS to keep sufficient processing timeline. 
· 480kHz SCS: 12D4S4U, S1=S2=14D:0G:0U, S3=12D:2G:0U, S4=0D:6G:8U
· 960kHz SCS: 24D8S8U, S1=S2=S3=S4=S5=14D:0G:0U, S6=10D:4G:0U, S7=0D:12G:2U, S8=0D:0G:14U.

Proposal 9: Follow RF FR2-2 requirement structure, capture FR2-2 demodulation requirement into same section as FR2-1 but with different tables if possible. Adding extra phrase as “for FR2-1” and “for FR2-2” to requirement tables for differentiation.
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