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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At the last meeting, simulation assumptions for NR-U PUSCH are agreed, but there are still some open issues left [1]. In this paper, we give our discussions for these open issues.
Discussions 
According to WF[1], open issues for NR-U PUSCH are test applicability rules for PUSCH requirements with different CBWs and simulation assumptions for CG-UCI test. We give our analysis as follows:
Test Applicability rules for PUSCH requirements with different CBW(s)
The options are listed as follows:
	· Test Applicability rules for PUSCH requirements with different CBW(s)
· Option 1:
· [bookmark: OLE_LINK54]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).
· [bookmark: OLE_LINK31][bookmark: OLE_LINK51]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



According to TS 38.214, the resource allocation procedure for UL with interlace (i.e. Uplink resource allocation type 2) is specified as follows:
	[bookmark: OLE_LINK58]For DCI 0_0 monitored in a UE-specific search space and DCI 0_1, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. When a UE is provided with nrofCRBs-r16=0 for all intra-cell guard band(s) on a carrier, the UE is indicated that no intra-cell guard-bands are configured for the carrier and expects . For , the UE expects the number of RBs within a RB set is between 100 and 110. For , the UE expects the number of RBs within a RB set is between 50 and 55 except for at most one RB set which may contain 56 RBs.


[bookmark: OLE_LINK48]For interlace indicates following procedure is specified as follows:
	

For µ=0, the X=6 MSBs of the resource block assignment information indicates to a UE a set of allocated interlace indices  , where the indication consists of a resource indication value (RIV). For  ,  the resource indication value corresponds to the starting interlace index m0 and the number of contiguous interlace indices (). The resource indication value is defined by:
if  then

else


For  , the resource indication value corresponds to the starting interlace index m0 and the set of values  according to Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}



For µ=1, the X=5 MSBs of the resource block assignment information comprise a bitmap indicating the interlaces that are allocated to the scheduled UE. The bitmap is of size M bits with one bitmap bit per interlace such that each interlace is addressable, where M and interlace indexing is defined in Clause 4.4.4.6 in [4, TS 38.211]. The order of interlace bitmap is such that interlace 0 to interlace  are mapped from MSB to LSB of the bitmap. An interlace is allocated to the UE if the corresponding bit value in the bitmap is 1; otherwise the interlace is not allocated to the UE.


[bookmark: OLE_LINK50]It means that only integer multiples of full interlace can be allocated for UL link.
For RB sets indicates following procedure is specified as follows:
	For DCI 0_0 monitored in a UE-specific search space and DC 0_1 for both µ=0 and µ=1, the  the resource block assignment information indicate to a UE a set of contiguously allocated RB sets for PUSCH scheduled by DCI 0_0 monitored in a UE-specific search space, DCI 0_1 and Type 1 and Type 2 configured grant. The resource allocation field consists of a resource indication value (). For  ,  the resource indication value corresponds to the starting RB set index  and the number of contiguous RB sets . The resource indication value is defined by;
if  then
 
else
 
where ,  and shall not exceed 


It means that only integer multiples of RB sets can be allocated for UL link.
We can see that all the RBs indicated by interlace allocation indication within allocated RB sets should be allocated for transmission. But test method of option 1 may violate this principle. For example, if tested bandwidth is 40MHz, the tested interlace is put on the centre of bandwidth, some RBs with one full interlace are not allocated within first RB set and second RBs set. (Figure 2.1.1)
[image: ]
Figure 2.1.1
Observation 1:  The test methods that “The tested interlace shall then be the one closest to the centre in this widest supported channel bandwidth” violates the procedure of resource allocation specified by TS 38.214
In order to be consistent with specification, we propose to put the tested interlace on one full RB set:
If bandwidth to be tested is 80MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into four RB sets, each RB set contains 54RBs, 54RBs, 54RBs and 55 RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
If bandwidth to be tested is 60MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into three RB sets, each RB set contains 53RBs, 53RBs, and 56RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 15 kHz, the bandwidth is divided into two RB sets, each RB set contains 108 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 10, …, RB 100.
If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into two RB sets, each RB set contains 53 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 5, …, RB 50.
[bookmark: OLE_LINK60]Proposal 1: Use following test applicability for BS support different bandwidth.
· [bookmark: OLE_LINK32][bookmark: OLE_LINK56]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.xx 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 defined for 20MHz channel bandwidth; 
· [bookmark: OLE_LINK61]If bandwidth to be tested is 80MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into four RB sets, each RB set contains 54RBs, 54RBs, 54RBs and 55 RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
· [bookmark: OLE_LINK62]If bandwidth to be tested is 60MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into three RB sets, each RB set contains 53RBs, 53RBs, and 56RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
· [bookmark: OLE_LINK59]If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 15 kHz, the bandwidth is divided into two RB sets, each RB set contains 108 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 10, …, RB 100.
· If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into two RB sets, each RB set contains 53 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 5, …, RB 50.
It is noted that no guard RBs are configured between different RB sets
[bookmark: OLE_LINK28]Simulation assumptions for CG-UCI performance test
At last meeting, we agree to introduce the performance requirements for CG-UCI multiplexed on PUSCH with interlaced resource allocation but simulation assumption were not discussed. 
	· 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 


From our understanding, to reduce the effort, we propose to reuse the assumptions from NR-U PUSCH test with addition of CG-UCI parameters such as betta-offset and payload and modification of number of HARQ transmission and RV sequence 
[bookmark: OLE_LINK47]Payloads
[bookmark: OLE_LINK49]The bit fields for CG-UCI are listed in Table 2.2-1 and according to TS 38.331, the maximum of C is 1709.Therefore the range of payload is 7bit≤payload≤18bit , RM coding and polar coding are included for this test. We propose to choose 18bit to test polar encoding. [image: ]
Table 2.2-1: Mapping order of CG-UCI field (Derived from TS 38.212)
	Field
	Bitwidth specified in 38.212

	HARQ process number
	4

	Redundancy version
	2

	New data indicator
	1

	Channel Occupancy Time (COT) sharing information
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35] 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: OLE_LINK26][bookmark: OLE_LINK30][bookmark: OLE_LINK36]
betaOffsetCG-UCI
[bookmark: OLE_LINK25][bookmark: OLE_LINK37]According to our simulation results shown in Table 2.2-2, target SNR is in a reasonable range when betaOffsetCG-UCI=10.Therefore we propose to use betaOffsetCG-UCI=10 (i.e. bettaOffsetCG-UCI-index=8)
Test metric
For test metric, we propose to reuse it from Rel-15 UCI multiplexed on PUSCH: i.e. SNR@ 1% BLER of CG-UCI:

where:
-	#(false CG-UCI) denotes the number of incorrectly decoded CG-UCI information transmitted occasions
-	#(CG-UCI) denotes the number of CG-UCI information transmitted occasions.
Proposal 2: Use Table 2.2-1 for CG-UCI simulation assumptions:
		Table 2.2-1: Simulation assumptions for CG-UCI test
	[bookmark: OLE_LINK39]Parameters
	Value

	Transform precoding
	Disabled

	Antenna configuration
	1T2R Low

	SCS and BW
	15kHz: 20MHz; 30kHz: 20MHz

	TDD pattern
	7D2S1U S=6D:4G:4U for 30kHz SCS
3D1S1U S=10D:2G:2U for 15kHz SCS

	Interlace structure
	First single interlace per slot

	DM-RS type
	type 1 with single-symbol

	Number of DMRS symbols
	dmrs-AdditionalPosition ‘pos1’ (1+1)

	symbols length
	14

	start symbol index
	0

	Time domain resource allocation type
	Type A and B

	Frequency domain resource
	Full applicable test bandwidth

	MCS index
	20

	Carrier frequency (GHz)
	4

	Propagation condition
	TDLA30-10

	Guard band
	Not configured

	PT-RS
	Not configured

	Timing offset
	0

	Frequency offset
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	 Disabled

	Number of HARQ transmissions 
	1

	RV sequence
	0

	CG-UCI
	[bookmark: OLE_LINK9]scaling
	1

	
	Payloads (bits)
	8 and 18

	
	bettaOffsetCG-UCI-index
	8

	Testing metric
	[bookmark: OLE_LINK22]SNR(dB)@1% BLER of CG-UCI



Table 2.2-2: Simulation results of CG-UCI based on assumptions of Table 2.2-1
	SNR(dB)@1% BLER of CG-UCI
	SCS=15kHz
	SCS=30kHz

	[bookmark: _Hlk66218812]
	[bookmark: OLE_LINK19]DMRS Type A
	DMRS Type B
	DMRS Type A
	DMRS Type B

	8 bit
	1.83
	2.14
	2.41
	2.41

	18 bit
	2.23
	2.08
	2.18
	2.31



Conclusion
In this paper, we give our discussions on remain issues for NR-U PUSCH requirements. The proposals are:
Proposal 1: Use following test applicability for BS support different bandwidth.
· 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.xx 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 defined for 20MHz channel bandwidth; 
· If bandwidth to be tested is 80MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into four RB sets, each RB set contains 54RBs, 54RBs, 54RBs and 55 RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
· If bandwidth to be tested is 60MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into three RB sets, each RB set contains 53RBs, 53RBs, and 56RBs respectively. The tested interlace shall be put on the intersection of the RBs of the first interlace and the second RB set. i.e. RB 55, RB 60, …, RB 105
· If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 15 kHz, the bandwidth is divided into two RB sets, each RB set contains 108 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 10, …, RB 100.
· If bandwidth to be tested is 40MHz and subcarrier spacing to be tested is 30 kHz, the bandwidth is divided into two RB sets, each RB set contains 53 RBs. The tested interlace shall be put on the intersection of the RBs of the first interlace and the first RB set. i.e. RB 0, RB 5, …, RB 50.
Proposal 2: Use Table 2.2-1 for CG-UCI simulation assumptions:
	[bookmark: _GoBack]Parameters
	Value

	Transform precoding
	Disabled

	Antenna configuration
	1T2R Low

	SCS and BW
	15kHz: 20MHz; 30kHz: 20MHz

	TDD pattern
	7D2S1U S=6D:4G:4U for 30kHz SCS
3D1S1U S=10D:2G:2U for 15kHz SCS

	Interlace structure
	First single interlace per slot

	DM-RS type
	type 1 with single-symbol

	Number of DMRS symbols
	dmrs-AdditionalPosition ‘pos1’ (1+1)

	symbols length
	14

	start symbol index
	0

	Time domain resource allocation type
	Type A and B

	Frequency domain resource
	Full applicable test bandwidth

	MCS index
	20

	Carrier frequency (GHz)
	4

	Propagation condition
	TDLA30-10

	Guard band
	Not configured

	PT-RS
	Not configured

	Timing offset
	0

	Frequency offset
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	 Disabled

	Number of HARQ transmissions 
	1

	RV sequence
	0

	CG-UCI
	scaling
	1

	
	Payloads (bits)
	18

	
	bettaOffsetCG-UCI-index
	8

	Testing metric
	SNR(dB)@1% BLER of CG-UCI
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