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1. Introduction
[bookmark: _Hlk528680199]In RAN4#96-e meeting, companies got some agreements on NR-U demodulation assumptions and also left some open issues [1]. In this contribution, we will discuss the remaining issues and provide our opinions on NR-U PUSCH simulation assumptions.

2. Discussion
Issue 1: Bandwidth for NR-U PUSCH requirement.
In the last meeting, all companies agreed to introduce requirements for 20MHz, but some companies also want 60MHz requirements for wideband operation. We don’t think it is necessary to introduce 60MHz requirements because NR-U uplink transmission mode is “all-or-nothing” which means the transmission happens only when all LBT on sub-bands are successful. In that case, the uplink transmission is on full band. When LBT failure model is not considered, different bandwidths will not impact the demodulation performance (70% maximum throughput) based on Release-15 simulation results. 
Proposal 1: Only consider 20MHz bandwidth for NR-U PUSCH requirement.   
 
Issue 2: Number of interlaces for PRB-interlaced PUSCH Resource Allocation
In the last meeting, companies agreed to introduce requirements for NR-U PUSCH with PRB interlaced structure, but the number of interlace is still FFS. Some companies mentioned that 5 interlaces are used for LTE eLAA performance requirements. For NR-U requirements, we have agreed to consider both 15kHz and 30kHz SCS, and the interlaces number is different for these two SCS (10 for 15kHz and 5 for 30kHz). If we use 5 interlaces for 15kHz, it would be a little hard to choose a proper number for 30kHz. We think single interlace is a simpler choice than using multiple interlaces.
Single interlace of 20MHz 15kHz/30kHz have 10 or 11 PRBs. To simplify the FRC definition, only use 10 PRBs in each interlace for demodulation assumption would be a better choice which can reuse FRC defined for NR-U RF discussion. For example, 20MHz BW with 15kHz SCS have 106 PRBs and 10 interlaces. Each interlace can be expressed as N, N+10, N+20, …, N+90, (N+100), where N=0, 1, …, 9. We can simply use N, N+10, N+20, …, N+90, where N=0, 1, …, 9 for demodulation FRC definition.    
Table 2.1 example for PRB assignment with 10 PRBs interlace for 20MHz NR-U PUSCH demodulation
	SCS
	Slot#0
	Slot#1
	Slot#2
	Slot#3
	Slot#4
	Slot#5
	Slot#6
	Slot#7
	Slot#8
	Slot#9

	15kHz
	0, 10, 20, …, 90
	1, 11, 21, …, 91
	2, 12, 22, …, 92
	3, 13, 23, …, 93
	4, 14, 24, …, 94
	5, 15, 25, …, 95
	6, 16, 26, …, 96
	7, 17, 27, …, 97
	8, 18, 28, …, 98
	9, 19, 29, …, 99

	30kHz
	0, 5, 10, …, 45
	1, 6, 11, …, 46
	2, 7, 12, …, 47
	3, 8, 13, …, 48
	4, 9, 14, …, 49
	0, 5, 10, …, 45
	1, 6, 11, …, 46
	2, 7, 12, …, 47
	3, 8, 13, …, 48
	4, 9, 14, …, 49



Proposal 2: Using single interlace with 10 PRBs for NR-U PUSCH demodulation simulation.

Issue 3: Detailed Simulation assumptions for NR-U PUSCH demodulation.
For other simulation assumptions, we think reusing some Rel-15 and LTE eLAA assumptions can be a start. We provide our opinions on following aspects and companies can further discuss detail values for NR-U scenario. 
· Waveform
Considering typical NR-U BS deployment, we don’t think coverage will be a significant issue, thus only CP-OFDM waveform is enough for performance requirement.
· TDD pattern
We can reuse Rel-15 definition. 
15kHz SCS: 3D1S1U, S=10D:2G:2U
30kHz SCS: 7D1S2U, S=6D:4G:4U 
· Channel model and MCS
Considering typical NR-U deployment, TDLA30-10 used in Rel-15 might be more suitable. FFS for TDLB100 and TDLC300. Doppler shift can be further discussed [2].
The MCS can reuse Rel-15 configuration for each channel model, such as MCS 20 for TDLA30-10.
· PUSCH mapping type
Type B might be more suitable for NR-U scenario, as the performance difference between type A and B would most likely be insignificant according to Rel-15 simulation results. We suggest considering only one mapping type, such as type B, for performance requirements to reduce effort.  
· Antenna configuration
In LTE eLAA demodulation requirements, 1Tx2Rx and 1Tx4Rx are considered. We think 1Tx2Rx could be enough for simulation. But we would put FFS for other antenna configurations.  
· DM-RS configuration
DM-RS with additional position 1 is sufficient and can be used.
Proposal 3: Consider following assumptions for NR-U PUSCH demodulation simulation. 
· Bandwidth: 20MHz
· SCS: 15kHz and 30kHz
· Waveform: CP-OFDM
· TDD pattern: 
· 15kHz SCS: 3D1S1U, S=10D:2G:2U
· 30kHz SCS: 7D1S2U, S=6D:4G:4U
· Channel model and MCS
· TDLA30-10 and MCS20
· FFS for TDLC300,Doppler shift and MCS16
· FFS for TDLB100, Doppler shift and MCS 2
· PUSCH mapping type: Type B
· Antenna configuration: 1Tx2Rx, FFS for other configurations
· DM-RS: 1+1
· Frequency domain PRB allocation: single interlace with 10 PRBs in each slot N
· 15kHz SCS: N, N+10, N+20, …, N+90, where N=0, 1, 2, …, 9
· 30kHz SCS: N, N+5, N+10, …, N+45, where N=0, 1, 2, …, 5

Issue 4: Whether to define UCI multiplexed on PUSCH performance requirements
Some companies commented that new requirement should be introduced for CG-UCI multiplexing on PUSCH in the last meeting. We checked the RAN1 agreements and specification [3] [4] for CG-UCI multiplexing on CG-PUSCH feature and have some findings.
· RAN1 agreements
Agreement: 
CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
 
Agreement:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)
 
Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.
•        A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range
 
Agreement:
CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH
 
Agreement:
The set of Beta-offset values used for CG-UCI is the same as the set of Beta-offset values used for HARQ-ACK
· When CG-UCI is jointly encoded with HARQ, use the Beta-offset values configured for HARQ-ACK
 
Agreement:
RRC configuration can be provided to the UE indicating whether to multiplex CG-UCI and HARQ-ACK
· When configured for such multiplexing: In the case of PUCCH overlapping with CG-PUSCH(s) within a PUCCH group, the CG-UCI and HARQ-ACK are jointly encoded (CG-UCI is treated as the same type as a HARQ-ACK)
· When not configured for such multiplexing: In the case of PUCCH overlapping with CG-PUSCH(s) within a PUCCH group and PUCCH carries HARQ ACK feedback, configured grant PUSCH is skipped
 
Observation 1: When CG-UCI is multiplexing on CG-PUSCH without HARQ-ACK, CG-UCI will use similar encoding procedure as CG-UCI with HARQ-ACK. The only difference is the payload length.
Observation 2: When HARQ-ACK and CG-UCI are multiplexing on CG-PUSCH, the jointly encoded HARQ-ACK and CG-UCI are treated as an HARQ-ACK with more than 2 information bits.
According to Observation 1, requirements for UCI multiplexing on PUSCH in Rel-15 should cover CG-UCI multiplexing on CG-PUSCH without HARQ-ACK case. 
According to Observation 2, requirements for HARQ-ACK multiplexing on PUSCH with more than 2 HARQ-ACK information bits should cover HARQ-ACK and CG-UCI multiplexing on CG-PUSCH.
Considering there is only requirements for CSI multiplexing on PUSCH in Rel-15, it will be inconsistency if we only define HARQ-ACK multiplexing on PUSCH for NR-U. It might be necessary to introduce a Rel-15 requirement for HARQ-ACK multiplexing on PUSCH with more than 2 HARQ-ACK information bits and using it to cover CG-UCI multiplexing on CG-PUSCH in NR-U scenario. If companies have concerns on more test cases for a Rel-15 BS, then we might consider this requirement as optional.
But considering the difficulty of handling Rel-15 requirements for NR-U BS and also the very tight timeline for Rel-16, we suggest consider define a minimum test subset of Rel-15 and apply it to those Rel-15 features supported by a NR-U BS [2].   
Proposal 4: Consider introduce a Rel-15 requirement for HARQ-ACK multiplexing on PUSCH with more than 2 HARQ-ACK information bits and using it to cover CG-UCI multiplexing on CG-PUSCH in NR-U scenario with proper applicability rule. 

3. [bookmark: _Hlk43884116]Conclusion
 Issue 1: Bandwidth for NR-U PUSCH requirement
[bookmark: _Hlk43884132]Proposal 1: Only consider 20MHz bandwidth for NR-U PUSCH requirement.

Issue 2: Number of interlaces for PRB-interlaced PUSCH Resource Allocation
Proposal 2: Using single interlace with 10 PRBs for NR-U PUSCH demodulation simulation.

Issue 3: Detailed Simulation assumptions for NR-U PUSCH demodulation
Proposal 3: Consider following assumptions for NR-U PUSCH demodulation simulation. 
· Bandwidth: 20MHz
· SCS: 15kHz and 30kHz
· Waveform: CP-OFDM
· TDD pattern: 
· 15kHz SCS: 3D1S1U, S=10D:2G:2U
· 30kHz SCS: 7D1S2U, S=6D:4G:4U
· Channel model and MCS
· TDLA30-10 and MCS20
· FFS for TDLC300, Doppler shift and MCS16
· FFS for TDLB100, Doppler shift and MCS 2
· PUSCH mapping type: Type B
· [bookmark: _GoBack]Antenna configuration: 1Tx2Rx, FFS on other configurations
· DM-RS: 1+1
· Frequency domain PRB allocation: single interlace with 10 PRBs in each slot N
· 15kHz SCS: N, N+10, N+20, …, N+90, where N=0, 1, 2, …, 9
· 30kHz SCS: N, N+5, N+10, …, N+45, where N=0, 1, 2, …, 5

Issue 4: Whether to define UCI multiplexed on PUSCH performance requirements
Observation 1: When CG-UCI is multiplexing on CG-PUSCH without HARQ-ACK, CG-UCI will use similar encoding procedure as CG-UCI with HARQ-ACK. The only difference is the payload length.
Observation 2: When HARQ-ACK and CG-UCI are multiplexing on CG-PUSCH, the jointly encoded HARQ-ACK and CG-UCI are treated as an HARQ-ACK with more than 2 information bits.
Proposal 4: Consider introduce a Rel-15 requirement for HARQ-ACK multiplexing on PUSCH with more than 2 HARQ-ACK information bits and using it to cover CG-UCI multiplexing on CG-PUSCH in NR-U scenario with proper applicability rule. 
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