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Introduction
This paper extends the discussion with Nokia’s views on PUSCH BS  demodulation requirements on [7] considering the outcome of RAN4 #96-e meeting on that topic [2][3]. Among the topics discussed on this paper, are the number of interlaces, bandwidth options for wideband operation, and GC-UCI multiplexed on PUSCH. The discussion on this paper is supported by preliminary simulation results and a test scenario is proposed to be used as baseline for discussion on RAN4. 
PUSCH demodulation requirements
Number of interlaces
One aspect to consider on the NR-U specifications is the number of interlaces on the BS demodulation requirements. When interlaced allocation is applied, the PRBs are allocated for a single user by spreading their position on the allocated subband in order to comply with ETSI’s occupied bandwidth requirement [4]. For 15 kHz design, up to 10 interlaces of 10 or 11 PRBs can be configured on a 20 MHz channel, while for 30 kHz SCS up to 5 interlaces can be configured. Figure 1 shows one example of 1, 2 and 4 interlaces considering 30 kHz SCS and a contiguous allocation with the same number of PRBs. 


[bookmark: _Ref46497365]Figure 1 General overview of PUSCH interlaces for a 20 MHz channel and 30 kHz SCS
Due to the increased frequency diversity, the interlaced design can also result in difference in performance when compared to contiguous PUSCH allocation. The simulation results in Table 3 (Section 3) show the performance difference among interlaced and contiguous allocations. The results from Table 3 show 1.7 to 2 dB performance differences at 95% throughput considering 1 interlace compared to 10, 21, or 32 contiguous allocated PRBs for 20, 40, or 60 MHz bandwidth, respectively. When increasing the number of interlaces the performance difference is reduced, as the frequency diversity of the contiguous allocation with the same number of PRBs gets closer to the interlaced allocation. When 4 interlaces are considered, the difference to the contiguous allocations is from 0 to 0.7 dB. 
[bookmark: _Toc54290279]Performance differences from interlaced allocation in comparison to contiguous allocation is larger with a small number of interlaces. 
[bookmark: _Toc54290280]RAN4 to consider only 1 interlace allocation for PUSCH performance requirements. 
Wideband operation
In relation to the bandwidth for the wideband operation, the following issue was open from the last meeting:
	· Bandwidth for PUSCH/PUCCH
· Define requirements for 20MHz
· FFS for 60MHz.



One possible solution for the definition of the test cases is to define requirements for 20, 40, 60 and 80 MHz, but to limit the number of tests that a BS is required to perform. In that case, the BS would have to pass the test for 20 MHz and for the largest bandwidth that it declares to support. 
[bookmark: _Toc54290281]RAN4 to define wideband performance requirements for 20, 40, 60, and 80 MHz. 
[bookmark: _Toc54290282]Depending on vendor declaration, define that a BS is only required to perform tests for 20 MHz and the largest supported bandwidth. 
UCI multiplexed on PUSCH
As part of the NR-U work, CG enhancements were developed for unlicensed operation. In that case, differently from the URLLC goals for CG, these enhancements were introduced to reduce the number of LBT procedures before a transmission. The CG is enhanced for NR-U by enabling a burst of continuous allocations using cg-nrofSlots-r16, multiple allocations per slot with cg-nrofPUSCH-InSlot-r16  as in 6.1.2.3 of TS 38.214 [4], and a new CG-UCI, which includes HARQ process number, rv, NDI, and COT information as defined in 6.3.2.1.3 of TS 38.212 [5] as:
	[bookmark: _Toc29326566][bookmark: _Toc29327716][bookmark: _Toc36045906][bookmark: _Toc36046166][bookmark: _Toc36046312][bookmark: _Toc45209229][bookmark: _Toc51852402]6.3.2.1.3	CG-UCI
For CG-UCI bits transmitted on a CG PUSCH, the CG-UCI bit sequence  is determined as follows:
-	set   for  and , where the CG-UCI bit sequence  is given by Table 6.3.2.1.3-1, mapped in the order from upper part to lower part.
Table 6.3.2.1.3-1: Mapping order of CG-UCI fields
	Field
	Bitwidth

	HARQ process number
	4

	Redundancy version
	2

	New data indicator
	1

	Channel Occupancy Time (COT) sharing information
	 if both higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 and higher layer parameter cg-COT-SharingList-r16 are configured, where C is the number of combinations configured in cg-COT-SharingList-r16; 

1 if higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 is not configured and higher layer parameter cg-COT-SharingOffset-r16 is configured;

0 otherwise; 

If a UE indicates COT sharing other than "no sharing" in a CG PUSCH within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent CG PUSCHs, if any, occurring within the same UE's initiated COT such that the same DL starting point and duration are maintained.







[bookmark: _Toc54290283]A new type of UCI on PUSCH is defined for NR-U with for operation with configured grants, the CG-UCI. 
[bookmark: _Toc54290284]RAN4 to define BS demodulation requirements for CG-UCI multiplexed on PUSCH, if demodulation impact is identified.

Testing environment
The following parameters are proposed as a baseline for the definition of PUSCH BS demodulation requirements.
[bookmark: _Toc54290285]RAN4 to consider the following parameters as baseline the definition of PUSCH BS demodulation requirements
Table 1 Proposed parameters for PUSCH BS demodulation performance requirements
	Parameter
	Value

	Waveform
	CP-OFDM

	MCS
	QPSK, R=193/1024 
 16QAM, R= 658/1024

	Subcarrier spacing
	15 kHz and 30 kHz

	Number of interlaces
	1 interlace

	Number of symbols
	14

	PUSCH mapping type
	Type A+B

	DMRS
	1+1 

	BW
	20 MHz, 40 MHz, 60 MHz, and 80 MHz

	Test metric
	SNR at 70% throughput




[bookmark: _Ref53914022]Simulation results
Preliminary simulation results are presented for PUSCH in this section. The simulation parameters are shown in Table 1, and the results are shown in Table 2. The results compare interlaced allocation with contiguous allocations containing the same number of PRBs. 
[bookmark: _Ref53915178]Table 2 Simulation assumptions for interlaced and contiguous PUSCH analysis
	Parameter
	Value

	Waveform
	CP-OFDM

	Subcarrier spacing 
	30 kHz

	FR1
	3.5 GHz

	MCS
	QPSK, R=193/1024

	Number of symbols
	14

	DMRS
	Type A 1+1 DM-RS 

	Antenna configuration
	1x2

	Propagation channel
	TDLA30-10

	BW
	20 MHz, 40 MHz, and 60 MHz

	Test metric
	SNR at 95% throughput



[bookmark: _Ref53914017]Table 3 Simulation results for interlaced and contiguous PUSCH
	Bandwidth
	Number Interlaces/PRBs
	Contiguous allocation
	Interlaced allocation
	Difference (gain)

	20 MHz
	10 PRBs,
1 Interlace
	2.2
	0.5
	1.7

	
	20 PRBs,
2 Interlaces
	1.5
	0
	1.5

	
	40 PRBs,
4 Interlaces
	0.5
	-0.2
	0.7

	40 MHz
	21 PRBs,
1 Interlace
	1.3
	-0.7
	2

	
	42 PRBs,
2 Interlaces
	0.5
	-0.3
	0.8

	
	84 PRBs,
4 Interlaces
	-0.3
	-0.3
	0

	60 MHz
	32 PRBs,
1 Interlace
	1.3
	-0.7
	2

	
	64 PRBs,
2 Interlaces
	0.5
	-0.3
	0.8

	
	128 PRBs,
4 Interlaces
	-0.3
	-0.3
	0





[bookmark: _Hlk31794208]Conclusion
In this contribution we provided Nokia’s views on the PUSCH BS demodulation performance requirements for operation in unlicensed bands. As a result of the discussion presented above, the following observations and proposals are derived:
Observation 1: Performance differences from interlaced allocation in comparison to contiguous allocation is larger with a small number of interlaces.
Proposal 1: RAN4 to consider only 1 interlace allocation for PUSCH performance requirements.
Proposal 2: RAN4 to define wideband performance requirements for 20, 40, 60, and 80 MHz.
Proposal 3: Depending on vendor declaration, define that a BS is only required to perform tests for 20 MHz and the largest supported bandwidth.
Observation 2: A new type of UCI on PUSCH is defined for NR-U with for operation with configured grants, the CG-UCI.
Proposal 4: RAN4 to define BS demodulation requirements for CG-UCI multiplexed on PUSCH, if demodulation impact is identified.
Proposal 5: RAN4 to consider the following parameters as baseline the definition of PUSCH BS demodulation requirements
 Proposed parameters for PUSCH BS demodulation performance requirements
	Parameter
	Value

	Waveform
	CP-OFDM

	MCS
	QPSK, R=193/1024 
 16QAM, R= 658/1024

	Subcarrier spacing
	15 kHz and 30 kHz

	Number of interlaces
	1 interlace

	Number of symbols
	14

	PUSCH mapping type
	Type A+B

	DMRS
	1+1 

	BW
	20 MHz, 40 MHz, 60 MHz, and 80 MHz

	Test metric
	SNR at 70% throughput
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