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1   Background
During RAN4#87 Busan meeting, WF[1~2] about NR BS general part and PUSCH demodulation performance requirements were approved. 
In this contribution, we would like to share our view about PUSCH demodulation performance requirements.

2   Discussion
2.1   Waveform
From the UE feature list [3], we can know that both CP-OFDM for UL and Transform precoding for single-layer PUSCH are mandatory without capability signalling for UE, from this point of view, we think that both waveforms need to be considered.
Proposal 1: Both CP-OFDM and DFT-s-OFDM should be considered for PUSCH demodulation performance requirements.
2.2   Transmission scheme

During RAN4#87 Busan meeting, two options were listed:
· Option 1: performance requirements are defined only for 1Tx transmission schemes. 
· Option 2: performance requirements are defined only based on codebook-based transmission schemes
· Number of layers for 2Tx CP-OFDM based PUSCH tests 
· FFS both 1 layer and 2 layers are to be tested
In LTE, demodulation performance requirements for both 1Tx and 2Tx are defined, NR should support the same number of Tx at least. Also for 2Tx based PUSCH, we think both 1 layer and 2 layers should be tested.
Proposal 2: Performance requirements should be defined for both 1Tx and 2Tx with both 1 layer and 2 layers.
2.3   DM-RS

2.3.1   Additional DM-RS configuration
The following options were listed in RAN4#87 meeting:
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e Single-symbol DMRS configuration are tested in Rel-15

¢ Option 1:

* only 1 front-loaded symbol;
¢ Option 2:

e 1front-loaded symbol + one additional DMRS symbol
¢ Option 3:

* only 1 front-loaded symbol, and
e 1front-loaded symbol + one additional DMRS symbol
¢ Option 4:
* only 1 front-loaded symbol, and
e 1front-loaded symbol + one additional DMRS symbol, and
* 1front-loaded symbol + two additional DMRS symbols
* FFS DMRS types (type 1 and type 2) are to be tested




From the UE feature list[3], the following configuration is mandatory without capability signaling:
Basic uplink DMRS (uplink) for scheduling type A:
· Support 1 symbol FL DMRS without additional symbol(s) (1)
· Support 1 symbol FL DMRS and 1 additional DMRS symbols (1+1)
· Support 1 symbol FL DMRS and 2 additional DMRS symbols (1+1+1)
Basic uplink DMRS for scheduling type B:

· Support 1 symbol FL DMRS without additional symbol(s) (1)
· Support 1 symbol FL DMRS and 1 additional DMRS symbol (1+1)
The following is mandatory with capability signaling:

Basic uplink DMRS for scheduling type B:

· Support 1 symbol FL DMRS and 2 additional DMRS symbols for more than one port (1+1+1)
Firstly we should focus on the configurations that are mandatory without capability signaling.
Due to the very short meeting cycle, we cannot give the simulation results for all DMRS configuration types to compare the performance difference and verify the performance under certain condition, but as per the simulations did for NR BS REFSENS and Dynamic range and ICS, to ensure the comparable performance between NR and LTE, we would like to propose the following two DMRS configurations for both type 1 and type 2:

•
 1 front-loaded symbol + one additional DMRS symbol, and

•
 1 front-loaded symbol + two additional DMRS symbols (applicable for PUSCH mapping type A only)
Proposal 3: Consider both “1 front-loaded symbol + one additional DMRS symbol” and “1 front-loaded symbol + two additional DMRS symbols (applicable for PUSCH mapping type A only)” for DMRS configuration type 1 and type 2.
2.3.2   PUSCH mapping type
For PUSCH resource mapping type A and B, the difference is the position of the reference point for 
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 of the first DM-RS symbol, refer to TS 38.211 section 6.4.1.1.3:
-
for PUSCH mapping type A: 

-
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 is defined relative to the start of the slot if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled

-
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 is given by the higher-layer parameter dmrs-TypeA-Position (Note*:position of first FL DMRS {pos2, pos3})
-
for PUSCH mapping type B: 

-
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 is defined relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and relative to the start of each hop in case frequency hopping is enabled

-
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Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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 for single-symbol DM-RS and frequency hopping disabled.

	 Duration in symbols
	DM-RS positions 
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	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	0
	1
	2
	3

	<4
	-
	-
	-
	-
	[image: image10.wmf]0

l


	[image: image11.wmf]0

l


	[image: image12.wmf]0

l


	[image: image13.wmf]0

l



	4
	[image: image14.wmf]0

l


	[image: image15.wmf]0

l


	[image: image16.wmf]0

l


	[image: image17.wmf]0

l


	[image: image18.wmf]0

l


	[image: image19.wmf]0

l


	[image: image20.wmf]0

l


	[image: image21.wmf]0

l



	5
	[image: image22.wmf]0

l


	[image: image23.wmf]0

l


	[image: image24.wmf]0

l


	[image: image25.wmf]0

l


	[image: image26.wmf]0

l


	[image: image27.wmf]0

l

, 4
	[image: image28.wmf]0

l

, 4
	[image: image29.wmf]0

l

, 4

	6
	[image: image30.wmf]0

l


	[image: image31.wmf]0

l


	[image: image32.wmf]0

l


	[image: image33.wmf]0

l


	[image: image34.wmf]0

l


	[image: image35.wmf]0

l

, 4
	[image: image36.wmf]0

l

, 4
	[image: image37.wmf]0

l

, 4

	7
	[image: image38.wmf]0

l


	[image: image39.wmf]0

l


	[image: image40.wmf]0

l


	[image: image41.wmf]0

l


	[image: image42.wmf]0

l


	[image: image43.wmf]0

l

, 4
	[image: image44.wmf]0

l

, 4
	[image: image45.wmf]0

l

, 4

	8
	[image: image46.wmf]0

l


	[image: image47.wmf]0

l

, 7
	[image: image48.wmf]0

l

, 7
	[image: image49.wmf]0

l

, 7
	[image: image50.wmf]0

l


	[image: image51.wmf]0

l

, 6
	[image: image52.wmf]0

l

, 3, 6
	[image: image53.wmf]0

l

, 3, 6

	9
	[image: image54.wmf]0

l


	[image: image55.wmf]0

l

, 7
	[image: image56.wmf]0

l

, 7
	[image: image57.wmf]0

l

, 7
	[image: image58.wmf]0

l


	[image: image59.wmf]0

l

, 6
	[image: image60.wmf]0

l

, 3, 6
	[image: image61.wmf]0

l

, 3, 6

	10
	[image: image62.wmf]0

l


	[image: image63.wmf]0

l

, 9
	[image: image64.wmf]0

l

, 6, 9
	[image: image65.wmf]0

l

, 6, 9
	[image: image66.wmf]0

l


	[image: image67.wmf]0

l

, 8
	[image: image68.wmf]0

l

, 4, 8
	[image: image69.wmf]0

l

, 3, 6, 9

	11
	[image: image70.wmf]0

l


	[image: image71.wmf]0

l

, 9
	[image: image72.wmf]0

l

, 6, 9
	[image: image73.wmf]0

l

, 6, 9
	[image: image74.wmf]0

l


	[image: image75.wmf]0

l

, 8
	[image: image76.wmf]0

l

, 4, 8
	[image: image77.wmf]0

l

, 3, 6, 9

	12
	[image: image78.wmf]0

l


	[image: image79.wmf]0

l

, 9
	[image: image80.wmf]0

l

, 6, 9
	[image: image81.wmf]0

l

, 5, 8, 11
	[image: image82.wmf]0

l


	[image: image83.wmf]0

l

, 10
	[image: image84.wmf]0

l

, 5, 10
	[image: image85.wmf]0

l

, 3, 6, 9

	13
	[image: image86.wmf]0

l


	[image: image87.wmf]0

l

, 11
	[image: image88.wmf]0

l

, 7, 11
	[image: image89.wmf]0

l

, 5, 8, 11
	[image: image90.wmf]0

l


	[image: image91.wmf]0

l

, 10
	[image: image92.wmf]0

l

, 5, 10
	[image: image93.wmf]0

l

, 3, 6, 9

	14
	[image: image94.wmf]0

l


	[image: image95.wmf]0

l

, 11
	[image: image96.wmf]0

l

, 7, 11
	[image: image97.wmf]0

l

, 5, 8, 11
	[image: image98.wmf]0

l


	[image: image99.wmf]0

l

, 10
	[image: image100.wmf]0

l

, 5, 10
	[image: image101.wmf]0

l

, 3, 6, 9


Also from NR UE feature list [3], both PUSCH mapping type A and type B are mandatory without capability signalling, so both mapping types should be covered, to reduce the number of test cases, mapping type A and B can be configured in different cases, such as “1 front-loaded symbol + one additional DMRS symbol” for PUSCH mapping type B, “1 front-loaded symbol + two additional DMRS symbols” for PUSCH mapping type A, if these two DMRS configurations are agreed.
Proposal 4: Cover both PUSCH mapping type A and B, with different number of additional DMRS configurations.
2.3.3   DM-RS configuration type
For DMRS configuration type 1 and 2, the difference is the DMRS RE mapping method as shown below:
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From the above mapping patterns for type 1 and 2, we can know:
· Type 1 has higher DMRS overhead than Type-2 with the same number of antenna port configured;

· Type 2 has better orthogonality between different DMRS ports with adjacent REs within an OCC group; especially in the cases for large subcarrier spacing cases.
· Type-2 density is less than Type-1, but leave more resources for PUSCH transmission (FDM between DMRS and data was already agreed); So Type-2 has higher spectrum efficiency
From UE feature list [3], we can know that support both type 1 and type 2 for uplink are mandatory with capability signalling, both of them should be covered.
Proposal 5: Both DMRS configuration Type 1 and Type 2 should be covered in the performance requirements.
2.4   PT-RS configuration
· PTRS
· Not introduced PTRS for FR1 tests.
· FFS for FR2 
PTRS is optional for FR1, RAN4 already agreed not to introduce PT-RS for FR1 case; Basic UL one port PTRS is mandatory with UE capability signaling for FR2, but as we discussed in company contribution [4], how to model phase noise and evaluate the phase noise impact in different higher frequency range need further detailed investigation.
Proposal 6: Need further consideration on how to model and evaluate the phase noise impact in different higher frequency range for FR2.
2.5   Time-domain resource allocation 
RAN4#78 agreements [2]: 
· Time domain resource allocation
· For FR1, slot based transmission is tested, FFS non-slot based transmission 
· For FR2, FFS for slot-based or non-slot based transmission
· FFS resource mapping type (type A or type B)
From UE feature list [3]:
- 1-14 OFDM symbols for PUSCH once per slot 

- PUSCH mapping type A and type B

Both are mandatory without capability signalling, both should be covered in the performance requirements. But consider the heavy workload and strict timeline for performance requirements, we can consider to design test cases with different configurations, such as slot-based transmission with PUSCH mapping type A and non-slot based transmission with PUSCH mapping type B.
Proposal 7: Cover both slot-based and non-slot based transmission in the performance requirements.
2.6   Modulation
· Selected from QPSK, 16QAM and 64QAM
· FFS pi/2-BPSK
As agreed in RAN4#87 meeting, QPSK, 16QAM and 64QAM are mandatory without capability for both FR1 and FR2; pi/2-BPSK for PUSCH is optional, we should deprioritize it in Rel-15.
Proposal 8: Deprioritize pi/2-BPSK in Rel-15.
2.7   FRC
As per the proposals above, we give the corresponding FRC definition for TBS alignments for the agreed CBW/SCS combination in RAN4#87 meeting, here we assume no FDM between DM-RS and data, no PT-RS consideration for FR2:
Table 1: FRC for cases with one-symbol front-load DM-RS only
	CBW(MHz)
	10
	20
	40
	100
	100
	100

	SCS(kHz)
	15
	30
	30
	30
	60
	120

	RB
	52
	51
	106
	273
	132
	66

	Modulation order
	2
	2
	2
	2
	2
	2

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	Num of DMRS
	1    
	1    
	1    
	1    
	1    
	1    

	Channel bits
	16224    
	15912    
	33072    
	85176    
	41184    
	20592    

	Final TBS (A)
	4864
	4736
	9992
	25608
	12296
	6144

	CRC for TB
(A>3824, 24; otherwise 16)
	24
	24
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	2
	4
	2
	1

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 2: FRC for cases with 1+1 DMRS configuration
	CBW(MHz)
	10
	20
	40
	100
	100
	100

	SCS(kHz)
	15
	30
	30
	30
	60
	120

	RB
	52
	51
	106
	273
	132
	66

	Modulation order
	2
	2
	2
	2
	2
	2

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	Num of DMRS
	2    
	2    
	2    
	2    
	2    
	2    

	Channel bits
	14976    
	14688    
	30528    
	78624    
	38016    
	19008    

	Final TBS (A)
	4480
	4352
	9224
	23568
	11528
	5632

	CRC for TB
(A>3824, 24; otherwise 16)
	24
	24
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	2
	3
	2
	1

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 3: FRC for cases with 1 +1+1 DMRS configuration

	CBW(MHz)
	10
	20
	40
	100
	100
	100

	SCS(kHz)
	15
	30
	30
	30
	60
	120

	RB
	52
	51
	106
	273
	132
	66

	Modulation order
	2
	2
	2
	2
	2
	2

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	Num of DMRS
	3    
	3    
	3    
	3    
	3    
	3    

	Channel bits
	13728    
	13464    
	27984    
	72072    
	34848    
	17424    

	Final TBS (A)
	4096
	4032
	8456
	21504
	10504
	5248

	CRC for TB
(A>3824, 24; otherwise 16)
	24
	24
	24
	24
	24
	24

	C (Num of CB)
	1
	1
	2
	3
	2
	1

	Base Graph Type
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Proposal 9: Use the above FRC to conduct simulations for initial simulation results alignment.
3   Proposals
In this contribution, we further analyses the RAN1 agreements about UE further NB-IoT enhancements [1] for TDD, and give our proposals are:

Proposal 1: Both CP-OFDM and DFT-s-OFDM should be considered for PUSCH demodulation performance requirements.
Proposal 2: Performance requirements should be defined for both 1Tx and 2Tx with both 1 layer and 2 layers.

Proposal 3: Consider both “1 front-loaded symbol + one additional DMRS symbol” and “1 front-loaded symbol + two additional DMRS symbols (applicable for PUSCH mapping type A only)” for DMRS configuration type 1 and type 2.
Proposal 4: Cover both PUSCH mapping type A and B, with different number of additional DMRS configurations.

Proposal 5: Both DMRS configuration Type 1 and Type 2 should be covered in the performance requirements.
Proposal 6: Need further consideration on how to model and evaluate the phase noise impact in different higher frequency range for FR2.
Proposal 7: Cover both slot-based and non-slot based transmission in the performance requirements.
Proposal 8: Deprioritize pi/2-BPSK in Rel-15.
Proposal 9: Use the above FRC to conduct simulations for initial simulation results alignment.
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