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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 requirements regarding different PUSCH bandwidths, GC-UCI multiplexed on PUSCH, among other PUSCH parameters. In addition to this paper we have published a companion paper containing preliminary simulation results [3].
PUSCH demodulation requirements
Bandwidth
The following issue regarding PUSCH bandwidth was open from the RAN4 meeting [1]:
	· Bandwidth
· Option 1: Define the requirements for single carrier with 20MHz only with the test applicability rule that a BS only has to perform tests for the largest supported bandwidth based on BS vendor’s declaration.
· The applicability rule defined in NR Rel-15 for different channel bandwidths needs to applied: the tests shall be done only for the supported 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.
· Option 2: Define the requirements for single carrier with 20MHz,40MHz,60MHz and 80MHz, with the test applicability rule that a BS only has to perform tests for the largest supported bandwidth based on BS vendor’s declaration.




The existing PUSCH requirements have a clear way for dealing with requirements for different bandwidths. The following applicability rules from 38.141-1 [3]:
	[bookmark: _Toc21100095][bookmark: _Toc29809893][bookmark: _Toc36645278][bookmark: _Toc37272332][bookmark: _Toc45884578][bookmark: _Toc53182601]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.


where D.14 is defined as:
	D.14
	NR supported channel bandwidths and SCS
	NR supported SCS and channel bandwidths per supported SCS. Declared per supported operating band, per antenna connector for BS type 1-C, or TAB connector for BS type 1-H.
	x
	x



In the existing Rel 15 requirements the gNB has to be tested only against the largest bandwidth declared to be supported. The current specification guarantees a good test coverage, while keeping the amount of tests low, since the smaller bandwidths do not have to be tested. We understand that reusing the existing approach is the best way to define the performance requirements for interlaced PUSCH in NR-U as well. However, this understanding is not shared among some of the other companies, which prefer to test only 20 MHz. 
[bookmark: _GoBack]One reason for avoiding testing bandwidths that are larger than 20 MHz could be that some gNBs want to support a large bandwidth for the component carrier, but want to allocate UL channels in blocks of 20 MHz. If that is the case, this hypothetical gNB would not be able to declare support for bandwidths larger than 20 MHz if there are tests available for PUSCH with the largest bandwidth it supports. Other option is that a gNB would implement a wideband channel with a combination of several carriers using carrier aggregation, like 2x20 MHz. Even though both approaches above are valid implementation options, wideband PUSCH implementations should not be punished by catering to implementations that do not reach 40,60 and 80 MHz performance requirements. Hence, wideband requirements (40, 60 and 80 MHz) are of great importance to give value to the improvements related to wideband implementation. 
[bookmark: _Toc61467676]RAN4 to define PUSCH performance requirements for 20MHz,40MHz,60MHz and 80MHz and reuse Rel 15 applicability rule for different channel bandwidths. 
PUSCH parameters
Regarding PUSCH parameters, the following issues remained open from the last RAN4 meeting [1]: 
	· PUSCH mapping type
· Option 1: Only Type B
· Option 2: Both Type A and Type B
· MCS
· MCS 20, FFS MCS 16
· RV sequence
· Option 1: {0,2,0,2}
· Option 2: {0,2,3,1}



The applicability rules of PUSCH mapping type are determined as in 38.141-1 [3]:
	[bookmark: _Toc21100096][bookmark: _Toc29809894][bookmark: _Toc36645279][bookmark: _Toc37272333][bookmark: _Toc45884579][bookmark: _Toc53182602]8.1.2.1.3	Applicability of requirements for different configurations
Unless otherwise stated, PUSCH requirement tests shall apply only for the mapping type declared to be supported (see D.100 in table 4.6-1). If both mapping type A and type B are declared to be supported, the tests shall be done for either type A or type B; the same chosen mapping type shall then be used for all tests. 



The current approach for the PUSCH mapping type in Rel 15 allows for implementations of mapping types A and B where only one to them needs to be tested whenever both are supported. From the simulation results in our companion paper [3] no significant performance difference is observed when comparing both mapping types. The current approach for Rel 15 performance requirements already provides a reduced amount of tests while defining requirements for both mapping types. As a result, if interlaced PUSCH requirements are defined for only one mapping type, the number of tests that a BS has to conform to will stay the same in practice. For this reason, we believe that the best approach is to keep current Rel. 15 approach, defining performance requirements for both mapping types and keeping the existing applicability rules. 
[bookmark: _Toc61467677]Existing Rel. 15 NR requirements include mapping types A and B, where if both types are declared to be supported, tests for either type A or type B are performed. 
[bookmark: _Toc61467678]RAN4 to define performance requirements for both mapping types A and B and keep the existing applicability rules for Rel. 15 regarding mapping type. 
When the MCS is considered, it was agreed on the last meeting to define requirements for MCS 20, and definition of other MCSs was left as FFS. In typical NR-U scenarios using uplink there are 2 aspects that increase the importance of the use of a robust MCS. The first one is that since in unlicensed there is no control on the interference, the likelihood of the UEs experiencing consistently a high SNR is low, which would increase the use of robust MCS levels. Additionally, if a standalone scenario is considered, the gNB cannot fallback to the licensed bands in order to provide coverage on the cell edge. Therefore, the UEs on the cell edge also have to be served on the unlicensed band with a robust MCS. Considering both scenarios described above, we believe that it is necessary to define requirements for interlaced PUSCH using a robust MCS, such as MCS 2. 
[bookmark: _Toc61467679]In a standalone scenario the network cannot rely on licensed bands for full cell coverage, and robust MCS would be typically necessary at the cell edge. 
[bookmark: _Toc61467680]High SNR on an unlicensed carrier would be typically limited, since there is no control on the interferers. 
[bookmark: _Toc61467681]RAN4 to define parameters for one robust MCS, such as MCS 2. 
In NR-U, multiple PUSCHs are scheduled using a single DCI 0_1, where up to 8 PUSCH may be scheduled. In that DCI, each PUSCH allocation has 1 bit for the NDI field, and 1 bit for the rv field, which maps to the rv 0 and 2 as in Table 7.3.1.1.2-34 of 38.212 [4]. Therefore, the RV sequence {0,2,0,2} can be used to model the behaviour when using multiple UL allocations. 
Simulation results including different RV sequences are presented in Table 2. From these results, no significant performance difference is observed when comparing the RV sequences {0,2,3,1} and {0,2,0,2}. Additionally, it was agreed on RAN4 #96 not to define requirements for UL multi TTI scheduling [7]. 
[bookmark: _Toc61467682]RV sequences {0,2,0,2} is used for scheduling multiple PUSCH using a single DCI in NR-U.  
[bookmark: _Toc61467683]Simulation results showed only minor performance difference between RV sequences {0,2,3,1} and {0,2,0,2} with interlaced PUSCH. 
[bookmark: _Toc61467684]RAN4 to adopt {0,2,3,1} as RV sequence. 
UCI multiplexed on PUSCH
The configure grant enhancements for NR-U were discussed in the last RAN4 meeting as part of the following issue [1]:
	· Performance requirements for CG-UCI multiplexed on PUSCH with interlace allocation
· Option 1: Not introduce
· Option 2: Introduce performance requirements for CG-UCI multiplexed on PUSCH with interlaced resource allocation and without HARQ-ACK, CSI part 1 and CSI part 2
· Option 3: 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



In this issue it is considered to use HARQ-ACK multiplexing on PUSCH to cover CG-UCI multiplexing on PUSCH. The main differences between HARQ-ACK, CSI, and GC-UCI are presented in Figure 1 and Figure 2 as specified in 38.212 [8]. The allocation of CSI part 1 and part 2 starts in the first OFDM symbol, independently of whether HARQ-ACK or CG-UCI are included in the PRB. The HARQ-ACK and/or CG-UCI allocation start in the first OFDM symbol after the DM-RS. In Figure 1 either HARQ-ACK or CG-UCI are multiplexed on PUSCH. If both HARQ-ACK and CG-UCI are multiplexed on PUSCH, the RE allocation is as in Figure 2, where CG-UCI is allocated after the HARQ-ACK REs. 
[image: ]
[bookmark: _Ref61463573][bookmark: _Ref61463566]Figure 1 RE example allocation for a PRB containing CSI part 1, CSI part 2, and HARQ-ACK or GC-UCI

[image: ]
[bookmark: _Ref61463575]Figure 2 RE example allocation for a PRB containing CSI part 1, CSI part 2, HARQ-ACK and GC-UCI
The main difference between HARQ-ACK and GC-UCI is on their mapping in case both are multiplexed on PUSCH. In case the only HAR-ACK or GC-UCI are multiplexed with the same number of bits, they have the same encoding procedure. Considering that similarity, demodulation performance requirements for HARQ-ACK could be used to cover the performance of GC-UCI. Table 1 shows the structure of GC-UCI message, which may result in 7 to 18 bits. 
 
[bookmark: _Ref61465380]Table 1 Mapping order of CG-UCI fields (adopted from Table 6.3.2.1.3-1 38.212 [8])
	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.



The same way that the GC-UCI has similarities to the HARQ-ACK, it also shares the encoding procedure of CSI part 1 and 2. In that case the only difference is the mapping of REs which may start in the first OFDM symbol for CSI and starts in the first OFDM symbol after the DMRS symbol. 
[bookmark: _Toc61467685]Encoding procedure for GC-UCI is very similar to CSI and HARQ-ACK, with meaningful differences only on the mapping of resource elements. 
[bookmark: _Toc61467686]RAN4 not to define performance requirements for GC-UCI. 

Specification structure
The current specification structure for PUSCH requirements in 38.104 is [4]
	8.2	Performance requirements for PUSCH
8.2.1	Requirements for PUSCH with transform precoding disabled
8.2.2	Requirements for PUSCH with transform precoding enabled
8.2.3	Requirements for UCI multiplexed on PUSCH
8.2.4	Requirements for PUSCH for high speed train
8.2.5	Requirements for UL timing adjustment
8.2.6	Requirements for PUSCH 0.001% BLER
8.2.7	Requirements for PUSCH repetition Type A
8.2.8	Requirements for PUSCH mapping Type B with non-slot transmission
8.2.9	Requirements of PUSCH for 2-step RA type
(...)
11.2	Performance requirements for PUSCH
11.2.1	Requirements for BS type 1-O
11.2.1.1	Requirements for PUSCH with transform precoding disabled
11.2.1.2	Requirements for PUSCH with transform precoding enabled
11.2.1.3	Requirements for UCI multiplexed on PUSCH
11.2.1.4	Requirements for PUSCH for high speed train
11.2.1.5	Requirements for UL timing adjustment
11.2.1.6	Requirements for PUSCH 0.001% BLER
11.2.1.7	Requirements for PUSCH repetition Type A
11.2.1.8	Requirements for PUSCH mapping Type B with non-slot transmission
11.2.1.9	Requirements for PUSCH for 2-step RA type


The structure for 38.141-1 is [5]:
	8.2	Performance requirements for PUSCH
8.2.1	Performance requirements for PUSCH with transform precoding disabled
8.2.2	Performance requirements for PUSCH with transform precoding enabled
8.2.3	Performance requirements for UCI multiplexed on PUSCH
8.2.4	Performance requirements for PUSCH for high speed train
8.2.5	Performance requirements for UL timing adjustment
8.2.6	Performance requirements for PUSCH with 0.001% BLER
8.2.7	Performance requirements for PUSCH repetition Type A
8.2.8	Performance requirements for PUSCH Mapping Type B with non-slot transmission
8.2.9	Performance requirements for PUSCH msgA for 2-step RA type


And the structure of 38.141-2 is [6]:
	8.2	OTA performance requirements for PUSCH	196
8.2.1	Performance requirements for PUSCH with transform precoding disabled
8.2.2	Performance requirements for PUSCH with transform precoding enabled
8.2.3	Performance requirements for UCI multiplexed on PUSCH
8.2.4	Performance requirements for PUSCH for high speed train
8.2.5	Performance requirements for UL timing adjustment
8.2.6	Performance requirements for PUSCH with 0.001% BLER
8.2.7	Performance requirements for PUSCH repetition Type A
8.2.8	Performance requirements for PUSCH mapping Type B with non-slot transmission
8.2.9	Performance requirements for MsgA PUSCH



Given the structure of the existing demodulation requirements, one solution for structuring the interlaced PUSCH requirements is to include new clauses 8.2.x and 11.2.1.x in 38.104 and new clauses 8.2.x in 38.141-1 and 38.141-2. 
Specify interlaced PUSCH requirements in separate clauses 8.2.x and 11.2.1.x in 38.104 and 8.2.x in 38.141-1 and 38.141-2.  
[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:
Proposal 1: RAN4 to define PUSCH performance requirements for 20MHz,40MHz,60MHz and 80MHz and reuse Rel 15 applicability rule for different channel bandwidths.
Observation 1: Existing Rel. 15 NR requirements include mapping types A and B, where if both types are declared to be supported, tests for either type A or type B are performed.
Proposal 2: RAN4 to define performance requirements for both mapping types A and B and keep the existing applicability rules for Rel. 15 regarding mapping type.
Observation 2: In a standalone scenario the network cannot rely on licensed bands for full cell coverage, and robust MCS would be typically necessary at the cell edge.
Observation 3: High SNR on an unlicensed carrier would be typically limited, since there is no control on the interferers.
Proposal 3: RAN4 to define parameters for one robust MCS, such as MCS 2.
Observation 4: RV sequences {0,2,0,2} is used for scheduling multiple PUSCH using a single DCI in NR-U.
Observation 5: Simulation results showed only minor performance difference between RV sequences {0,2,3,1} and {0,2,0,2} with interlaced PUSCH.
Proposal 4: RAN4 to adopt {0,2,3,1} as RV sequence.
Observation 6: Encoding procedure for GC-UCI is very similar to CSI and HARQ-ACK, with meaningful differences only on the mapping of resource elements.
Proposal 5: RAN4 not to define performance requirements for GC-UCI.
Proposal 6: Specify interlaced PUSCH requirements in separate clauses 8.2.x and 11.2.1.x in 38.104 and 8.2.x in 38.141-1 and 38.141-2.  
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