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[bookmark: _Toc64909506]Introduction
This paper extends the discussion with Nokia’s views on PUSCH BS  demodulation requirements on [2] considering the outcome of RAN4 #98-e meeting on that topic [1]. Among the topics discussed on this paper are the simulation assumptions for GC-UCI multiplexed on PUSCH, and applicability rules for PUSCH and GC-UCI. In addition to this paper we have published a companion paper containing preliminary simulation results [3].
[bookmark: _Toc64909507]Discussion
[bookmark: _Toc64909508]CG-UCI multiplexed on PUSCH
During the last RAN4 meeting, it was decided to define CG-UCI performance requirements, as described in the following agreement [1]:
	· Performance requirements for CG-UCI multiplexed on PUSCH with interlace allocation
· Introduce performance requirements for CG-UCI multiplexed on PUSCH with interlaced resource allocation and without HARQ-ACK, CSI part 1 and CSI part 2: 
· Further discuss the simulation assumptions
· The tests should be based on BS declaration 




As the simulation assumptions for CG-UCI were still open, it is important to define the simulation assumptions in order to progress with the work. 
The description of the CG-UCI fields is shown below [7]: 

	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 ul-toDL-COT-SharingED-Threshold and higher layer parameter cg-COT-SharingList are configured, where C is the number of combinations configured in cg-COT-SharingList; 

1 if higher layer parameter ul-toDL-COT-SharingED-Threshold is not configured and higher layer parameter cg-COT-SharingOffset 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.






where the parameter cg-COT-SharingList-r16 may have up to 1709 entries [8], leading to C=1709 which may be rounded up to the next power of 2 as C=2048, and log2C=11. From this description, it can be inferred that the maximum CG-UCI payload is 18 bits, which is composed of
· 7 bits (4 bits HARQ process number, 2 bits RV, 1 bit NID)
· log22048 =11 bits for the COT information
[bookmark: _Toc67665264]The maximum payload size of the CG-UCI is 18 bits. 
[bookmark: _Toc67665265]Define payload of 18 bits for CG-UCI performance requirements. 
Other parameter influencing the performance of CG-UCI is the choice of the betaOffset index . It controls how robust the CG-UCI transmission will be, as well as the amount of resources used for the CG-UCI. Since the CG-UCI carries HARQ information needed for explicit HARQ feedback, it is important that the performance of CG-UCI is better than the performance of PUSCH. Additionally, the choice of the betaOffset also influences the amount of REs that are used for CG-UCI, and influences the overall overhead. The calculated overhead for 1 interlace is shown in Table 1 for different choices of betaOffset, where it can be observed that the overhead may be from 0.6% to 50% of the REs of a interlace using 14 OFDM symbols. 
[bookmark: _Toc67665266]Explicit HARQ feedback depends on correct demodulation of CG-UCI when using configured grants in unlicensed bands. 
[bookmark: _Toc67665267]Large  indexes increase overhead of CG-UCI while improving its robustness. 

[bookmark: _Ref67662724][bookmark: _Ref67662721]Table 1 Overhead of an 18 bits CG-UCI calculated for one interlace
	 
	
	Overhead for MCS 16
%
	Overhead for MCS 20 
%

	0
	1.000
	0.6
	0.6

	1
	2.000
	1.3
	1.0

	2
	2.500
	1.6
	1.3

	3
	3.125
	2.0
	1.6

	4
	4.000
	2.5
	2.0

	5
	5.000
	3.1
	2.5

	6
	6.250
	4.0
	3.1

	7
	8.000
	5.0
	4.0

	8
	10.000
	6.3
	5.0

	9
	12.625
	7.9
	6.3

	10
	15.875
	9.9
	8.0

	11
	20.000
	12.5
	10.0

	12
	31.000
	19.4
	15.6

	13
	50.000
	31.3
	25.0

	14
	80.000
	50.0
	40.0



The criteria to define  should guarantee better performance of CG-UCI in comparison to CG-PUSCH data payload. Therefore  can be chosen such as the SNR requirements at 1% BLER for CG-UCI are within the range of [3,6] dB below the SNR requirements at 10% BLER for CG-PUSCH. 
[bookmark: _Toc67665268][bookmark: _Hlk67665355]Define   that guarantees better performance of CG-UCI in comparison to CG-PUSCH data payload.
[bookmark: _Toc67665269]Define  with relatively low CG-UCI overhead. 
[bookmark: _Toc67665270]Define  that fulfils the following criteria: SNR@1% CG-UCI BLER < SNR@10% PUSCH BLER - 3 dB. 
Table 2 shows the results from our companion paper, comparing SNR at CG-UCI BLER 1% and the SNR at PUSCH BLER 10%. The difference is about 15 dBs for =11, which is currently used for Rel. 15 UCI multiplexed on PUSCH requirements, and it is 0 dB for =0, which leads to insufficient CG-UCI performance margin. These simulation results on our companion paper show that betaOffset indexes 1, 2, and 3 are good enough to guarantee the CG-UCI BLER performance with a difference between 4.5 and 6.7 dB, while still keeping overhead smaller than 2%.  
[bookmark: _Ref67990102]Table 2 CG-UCI simulation results 
	MCS
	SCS
	PUSCH mapping type
	betaOffsetGC-UCI index
	CG-UCI SNR@BLER=1%
	PUSCH SNR@BLER=10%
	CG-UCI/PUSCH Difference

	MCS 20
	15 kHz
	A
	0
	13.7
	13.7
	0.0

	
	
	
	1
	9.3
	13.8
	4.5

	
	
	
	2
	7.8
	13.8
	6.0

	
	
	
	3
	7.1
	13.8
	6.7

	
	
	
	8
	3.2
	14.2
	11.0

	
	
	
	11
	-0.2
	14.9
	15.1



[bookmark: _Toc67665271]Define =3 or 1 for the CG-UCI performance requirements.
Other parameters are proposed in Table 2. 
[bookmark: _Toc67665272]Consider the parameters in Table 2 for the CG-UCI performance requirements. 

[bookmark: _Ref61013462][bookmark: _Ref61013426]Table 3 Proposed CG-UCI simulation parameters
	Parameter
	Value

	Channel model
	TDLA30-10

	Bandwidth
	20 MHz

	Transform precoding
	Disabled

	Default TDD UL-DL pattern 
	30 kHz SCS:
7D1S2U, S=6D:4G:4U

15 kHz SCS: 
3D1S1U S=10D:2G:2U

	MCS
	MCS 20

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE 
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID=0

	Time domain
	PUSCH mapping type
	A,B

	resource
	Start symbol
	0

	assignment
	Allocation length
	14

	Frequency domain resource
	RB assignment
	1 interlace

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	
	Number GC-UCI information bit payload
	18

	
	Scaling
	1

	UCI
	betaOffsetGC-UCI index 
	[1, 2, or 3]

	
	UCI partition for frequency hopping
	Disabled




[bookmark: _Toc64909509]Applicability rules
During the last RAN4 the following agreement was made regarding PUSCH bandwidth, with an open option regarding applicability rules as [1]: 
	· PUSCH performance requirements definition:
· Bandwidth: Define the requirements for single carrier with 20MHz
· Reuse Rel-15 applicability rule for different channel bandwidths with updated wording
· Test Applicability rules for PUSCH requirements with different CBW(s)
· Option 1:
· For the subcarrier spacing for testing based on the test applicability rule, the test requirements for 20MHz channel bandwidth shall apply only if the BS supports it (see D.xx in table 4.6-1).
· Unless otherwise stated, for the subcarrier spacing for testing, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement defined for 20MHz channel bandwidth; The tested interlace shall then be the one closest to the centre in this widest supported channel bandwidth. 
· Option 2:Other options not precluded





The current applicability requirements regarding different bandwidths for PUSCH from 38.141-1 are [5]:
	[bookmark: _Toc21100095][bookmark: _Toc29809893][bookmark: _Toc36645278][bookmark: _Toc37272332][bookmark: _Toc45884578][bookmark: _Toc53182601][bookmark: _Toc58860342][bookmark: _Toc61182467]8.1.2.1.2	Applicability of requirements for different channel bandwidths
For each subcarrier spacing declared to be supported, the tests for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.




The applicability rule from Option 1 and existing in 38.141-1 implies that, if 20 MHz interlaced PUSCH channel is tested in a carrier with a wider bandwidth, the 20 MHz interlace is allocated in the center of the widest supported channel bandwidth. Figure 1 shows the possible channel allocations of 20 MHz interlaces within 80, 60, and 40 MHz carriers. For 40 and 80 MHz, a 20 MHz interlaced allocation cannot be using the center of the bandwidth. Therefore, the applicability rule should reflect the fact the correct locations for 20 MHz allocations within the wideband carrier. 

	


	a)

	

	


	b)
	c)


[bookmark: _Ref64648253]Figure 1 Allocation of 20 MHz interlaces within wide band carrier with a) 80, b) 60, and c) 40 MHz. 
[bookmark: _Toc67665273]20 MHz wide interlaces are not expected to be allocated in the center of 40 or 80 MHz carriers. 
[bookmark: _Toc67665274]RAN4 to adopt an applicability rule that reflects the possible allocations of 20 MHz interlaces within a wideband carrier. 
[bookmark: _Toc67665275]RAN4 to test all the possible 20 MHz subbands contained on the declared bandwidth. 
[bookmark: _Toc67665276]RAN4 to adopt the following note for the FRC definition of NR-U interlaced PUSCH requirements:
[bookmark: _Toc67665277]For 30 kHz SCS: For reference channel Ax-y, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N+B, N+B+5,N+B+10,..,N+B+45 where N={0} and B={0} for a 20 MHz carrier, B={0,55} for a 40 MHz carrier, B={0,55,110} for a 60 MHz carrier, and B={0,55,110,165} for a 80 MHz carrier.
[bookmark: _Toc67665278]For 15 kHz SCS: For reference channel Aw-z, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N+B, N+B+10,N+B+20,..,N+B+90 where N={0} and B={0} for a 20 MHz carrier, and B={0,110} for a 40 MHz carrier.


[bookmark: _Toc64909510][bookmark: _Hlk31794208]Conclusion
This paper has presented Nokia’s views on PUSCH requirements for NR-U. From this discussion we have derived the following observations and proposals:
Observation 1: The maximum payload size of the CG-UCI is 18 bits.
Proposal 1: Define payload of 18 bits for CG-UCI performance requirements.
Observation 2: Explicit HARQ feedback depends on correct demodulation of CG-UCI when using configured grants in unlicensed bands.
Observation 3: Large  indexes increase overhead of CG-UCI while improving its robustness.
Proposal 2: Define    that guarantees better performance of CG-UCI in comparison to CG-PUSCH data payload.
Proposal 3: Define   with relatively low CG-UCI overhead.
Proposal 4: Define   that fulfils the following criteria: SNR@1% CG-UCI BLER < SNR@10% PUSCH BLER -3 dB.
Proposal 5: Define  =3 or 1 for the CG-UCI performance requirements.
Proposal 6: Consider the parameters in Table 2 for the CG-UCI performance requirements.
Observation 4: 20 MHz wide interlaces are not expected to be allocated in the center of 40 or 80 MHz carriers.
Proposal 7: RAN4 to adopt an applicability rule that reflects the possible allocations of 20 MHz interlaces within a wideband carrier.
Proposal 8: RAN4 to test all the possible 20 MHz subbands contained on the declared bandwidth.
Proposal 9: RAN4 to adopt the following note for the FRC definition of NR-U interlaced PUSCH requirements:
For 30 kHz SCS: For reference channel Ax-y, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N+B, N+B+5,N+B+10,..,N+B+45 where N={0} and B={0} for a 20 MHz carrier, B={0,55} for a 40 MHz carrier, B={0,55,110} for a 60 MHz carrier, and B={0,55,110,165} for a 80 MHz carrier.
For 15 kHz SCS: For reference channel Aw-z, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N+B, N+B+10,N+B+20,..,N+B+90 where N={0} and B={0} for a 20 MHz carrier, and B={0,110} for a 40 MHz carrier.
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