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Introduction
Good progress has been made on the topic of NR Rel-16 BS demodulation performance requirements with higher BLER during the RAN4#97-e meeting, which is captured in the email discussion summary [1].
The corresponding WF [2] does list one remaining open issue about “whether to define performance requirements for PUSCH repetition type B”.
In this contribution we will express our views on the captured open issues and present our final simulation results.
We note that we don’t see any open issues remaining on the topic of NR Rel-16 BS demodulation performance requirements with ultra-low BLER [3], hence we do not have a corresponding contribution this meeting.


Discussion on PUSCH repetition type B
The topic of PUSCH repetition type B in the context of the NR_L1enh_URLLC WI has been discussed repeatedly; both in WG4 and at the plenary.
The latest RAN4 agreement on the topic is [2]
	Agreements:
· Whether to define performance requirements for PUSCH repetition type B
· Postpone the decision in next RAN4 meeting, and till Dec 2020 focused on Rel-15 test cases open issues.



PUSCH repetition type B scenarios
It is our understanding that PUSCH repetition type B has many particularities that impact demodulation performance, especially with respect to scheduling around slot boundaries:
4 symbols, 4 repetitions
Slot boundary
4 symbols, 2 repetitions
Slot boundary
14 symbols, 1 repetition
Slot boundary
Note: this case requires S+L>14.

[bookmark: _Ref60762870]Figure 1: PUSCH repetition type B and slot boundaries [4] (Figure 6.3.3-1).
[bookmark: _Hlk60822883]RAN1 has introduced the terminology of nominal repetitions and actual repetitions (i.e., “segments”), where each nominal repetition may be segmented into one or more actual repetitions at slot boundaries.
However, no DM-RS sharing across actual repetitions is allowed [5].
	RAN1#96 (Feb. 2019)
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
Here is the description of Option 4 from TR 38.824:
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.

[…]

RAN1#97 (May 2019)
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination

[…]

RAN1#98bis (Oct. 2019)
[…]
Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).




PUSCH repetition type B only supports PUSCH mapping type B, which simplifies the discussions marginally [6]:
	For PUSCH repetition Type B, the PUSCH mapping type is set to Type B.



As seen in Figure 1, the amount of useful results of the possible PUSCH repetition type B configurations are uncommonly diverse. In other words, many different common URLLC use cases (low latency vs. improved reliability trade-offs, improved spectral efficiency, as well as improved delay), can be covered with slightly modified type B repetition configuration.
We see all of the following scenarios/configuration as requiring particular deliberation in RAN4.
a) All actual repetitions fit into one slot, i.e., S+K*L<14.
(Figure 1, top.)
b) Single nominal repetition scheduled over a slot boundary, i.e., S+L>14.
(Figure 1, bottom.)
c) K nominal repetitions, with actual repetitions aligned with nominal repetition at slot boundary.
(Not shown in Figure 1.)
d) K nominal repetitions, with actual repetitions not aligned with nominal repetition at slot boundary.
(Figure 1, middle.)
e)  [Orphan symbol control. (Not shown in Figure 1.)]
Almost all of these configurations require specific receiver implementations, especially when considering buffering and front haul.
There are at least four distinct, but common in deployment, ways to configure PUSCH repetition type B. Each configuration covers different use cases and stresses the receiver implementation in particular ways. All of them required separate minimum performance requirements.


PUSCH repetition type B issues
We expect that implementations of PUSCH repetition type B will be very diverse due to differing interpretations of the RAN1 specification on the following topic.
[bookmark: _Hlk60822031]It is our understanding that “no DM-RS sharing across actual repetitions” and the text in [6] (Section 6.2.2):
	For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition. A UE is not expected to be indicated with an antenna port configuration that is invalid for the allocated duration of any actual repetition.


(The same is also specified for PT-RS.)
implies either re-applying or truncated duplication of the nominal repetition DM-RS configuration to each actual repetition (created segment due to slot boundaries). Otherwise a segment might not have any DM-RS symbols, i.e., such as segment could not be demodulated, as it would not be allowed to take DM-RS information from other actual repetitions. 
However, it is not immediately clear, if applying the DM-RS procedure for each actual repetition, should result in a “truncated copy-paste” of the nominal DM-RS symbol allocation to actual repetition, or if the exact DM-RS symbol allocation can potentially be different between actual repetition due to differences introduced by DM-RS configurations to different TDRA lengths. We are convinced that the latter interpretation of “re-application of configuration to the actual length of the repetition” is correct.
An example where this distinction becomes important is the case of addPos=1, and a nominal repetition of length 11 becoming two segments of length 8 and 3.
[image: ]
[bookmark: _Ref60844333]Figure 2: Interpretations of “the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition”.

Figure 2 also demonstrates clearly the issues with punctured TBs and corresponding demodulation issues.
The TBS calculation is to be carried out on each nominal repetition (apply the classic TBS calculation for each nominal repetition) [6] (Section 6.1.4.2) 
	








[bookmark: _Hlk512515248]-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of the PUSCH allocation according to Clause 6.1.2.1 for scheduled PUSCH or Clause 6.1.2.3 for configured PUSCH,  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data, as described for PUSCH with a configured grant in Clause 6.1.2.3 or as indicated by DCI format 0_1 or DCI format 0_2 or as described for DCI format 0_0 in Clause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 6, 12, or 18), the  is assumed to be 0. For Msg3 or MsgA PUSCH transmission the  is always set to 0. In case of PUSCH repetition Type B,  is determined assuming a nominal repetition with the duration of L symbols without segmentation.


, where L was specified as length of nominal repetitions for PUSCH repetition type B in 6.1.2.1 and 6.1.2.3.
[7]
	Agreements:
For both DG and CG with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel-15 mechanism.



Hence, the TBS calculation does not take the duplicated DM-RS symbol into account, when a nominal repetition is split into two segments at a slot boundary.
Furthermore, it is not clear on which actual TDRA length the choice for MCS should be based. Choosing the shorted actual TDRA allows for self-decoding of all TBs at a large TPUT loss. Choosing the nominal TDRA length will lead to UEs skipping some actual repetitions [6] (Section 6.1.4).
	if it is an actual repetition for PUSCH repetition Type B, the UE is not required to handle PUSCH transmissions, if the following condition is not satisfied:




Both DM-RS configuration and TDRA length consideration can result in potentially heavy puncturing of the transport block depending on the chosen TDRA and repetition numbers, with evident strong demodulation performance impact.
Depending on the chosen configuration (especially, TDRA, repetitions K, and addPos) the TB can experience extensive puncturing, with strong impact on demodulation performance. Details concerning DM-RS configuration application to actual repetition remain to be aligned.

This behaviour was discussed by RAN1 previously, but the observation of repetitions being potentially not self-decodable seems to not have resulted in corrective action beyond basing TBS on “nominal length of each repetition (i.e. L)” [7]:
	2.4	TBS determination
The main consideration is, e.g. whether the TBS is determined based on the number of REs of one repetition only or the number of REs of all the repetitions, and if it is based on one repetition, which one it is and/or what assumptions should be made.
As seems to be commonly acknowledged, defining the TBS based on a single repetition will lead to a lower effective coding rate & spectral efficiency than indicated by the MCS and will limit the operation with high spectral efficiencies across the slot boundary in the end. The issues of modulation order and base graph mismatch have also been identified.
The TBS defined by all repetitions, on the other hand, will enable high spectral efficiency operation but not allow the spectral efficiency (& coding rate) to be lower than given by MCS0 and may lead to a coding rate above 0.948 for each individual mini-slot transmission for high spectral efficiencies. In this case, one repetition may not be self-decodable.
On the high-level, the following summarizes what each company prefers based on the contributions:
· Based on nominal length of each repetition (i.e. L): vivo[4], CATT[7], Intel[8], Samsung[11], Nokia/NSB[12], OPPO[13], CTC[14], China Unicom[16], Sharp[19], Apple[20], DOCOMO[23], QC[24]
· Samsung[11]: If the actual code rate of an actual repetition is higher than [0.932], next higher modulation order is used than the one indicated by MCS.
· China Unicom[16]: for actual repetitions whose lengths are smaller than a certain degree, the modulation order should be raised to a higher level to guarantee a proper code rate.
· DOCOMO[23]: To keep TBS for segmented PUSCH as the first nominal repetition, reserved MCS index, e.g. , is indicated to use. (Why? No separate indication needed for segmented repetition?)
· We consider two ways of indication which reserved entry to be used for the segmented repetition. One is to indicate by RRC parameter. Other way is the reserved entry that UE uses is fixed in specification. All the segments can use the same reserved entry by either of above ways.





PUSCH repetition type B in Rel-16
Given the large number of scenarios/configurations that need to be considered to create PUSCH repetition type B minimum performance requirements, as well as the mentioned issues, which will require alignment between contributing companies before comparable simulations can be obtained, we see it difficult to treat this topic in this WI.
RAN4 to not treat PUSCH repetition type B demodulation performance requirements in this WI.



Simulation results high reliability (FR2)
We previously delivered the FR1 result, so only the FR2 case is covered here.

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
Table 1: Simulation parameters (FR2).
	Parameter
	Value

	Transform precoding
	Disabled

	SCS/BW
	Both of 60 kHz and 120 KHz for both of 50 MHz and 100 MHz

	Uplink-downlink allocation for TDD (Note 1)
	 60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	Antenna configuration
	1x2, Low

	Number of layers
	1

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0,3,0,3 (Note 2)

	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}, {0, 1}

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

	Time domain resource assignment
	PUSCH mapping type
	B

	
	Starting symbol
	0

	
	Allocation length
	10

	
	PUSCH aggregation factor
	n8 (Note 3)

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hoping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Propagation condition and correlation matrix
	TDLA30-300 Low

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled

	Testing metric
	Target BLER:  10-2
(Calculate the target BLER after all transmission)

	Note 1: The same requirements are applicable to TDD with different UL-DL patterns and different aggregation factor configurations under assumption that two effective transmissions of the transport block are generated.
Note 2: The effective RV sequence is {0,2,3,1} with slot aggregation
Note 3: The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary.




Results

Table 2: PUSCH BS demod high reliability testing simulation results.
	MCS level
	Tx/Rx
	PUSCH mapping type
	SCS
	BW
	DMRS
	Propagation condition
	SNR(dB)
@1e-2

	
	
	
	
	
	
	
	Ideal
	Imp

	Table 3, MCS5
	1T2R
	type B
	60KHz
	50MHz
	DMRS 1+1
	TDLA30-300
	-11.6
	-9.1

	Table 3, MCS5
	1T2R
	type B
	60KHz
	100MHz
	DMRS 1+1
	TDLA30-300
	-12.9
	-10.4

	Table 3, MCS5
	1T2R
	type B
	120KHz
	50MHz
	DMRS 1+1
	TDLA30-300
	-10.2
	-7.7

	Table 3, MCS5
	1T2R
	type B
	120KHz
	100MHz
	DMRS 1+1
	TDLA30-300
	-11.9
	-9.4





Simulation results low latency (FR2)
We previously delivered the FR1 result, so only the FR2 case is covered here.

Parameters
The WF contains a great summary of the basic simulation assumptions [2]:
However, in an offline email exchange after the meeting, it was recognized that the channel model captured in the WF page 7, does not correspond to previous agreements from RAN4#96, and should be changed to TDLA30-300.
Table 3: Simulation parameters (FR2).
	Parameter
	Value

	Transform precoding
	Disabled

	SCS/BW
	Both of 60 kHz and 120 KHz for both of 50 MHz and 100 MHz

	Uplink-downlink allocation for TDD 
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	Antenna configuration
	1x2, Low

	Number of layers
	1

	MCS 
	MCS5 (Table 3)

	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
	0

	
	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}, {0, 1}

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

	Time domain resource assignment
	PUSCH mapping type
	B

	
	Starting symbol
	0

	
	Allocation length
	4 

	
	PUSCH aggregation factor
	1

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hoping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Propagation condition and correlation matrix
	TDLC300-100 Low
TDLA30-300 Low

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled

	Testing metric
	70% maximum throughput

	Note 1: The same requirements are applicable to TDD with different UL-DL patterns and different aggregation factor configurations under assumption that two effective transmissions of the transport block are generated.
Note 2: The effective RV sequence is {0,2,3,1} with slot aggregation
Note 3: The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary.




Results

Table 4: PUSCH BS demod low latency testing simulation results.
	Tx/Rx
	PUSCH mapping type
	MCS level
	Propagation condition
	Symbol length
	DMRS
	SCS
	BW
	SNR (dB)

	
	
	
	
	
	
	
	
	Ideal
	Imp

	1T2R
	type B
	Table 3, MCS5
	TDLCA30-300
	4OS
	DMRS 1+0
	60kHz
	50MHz
	-6.6
	-4.1

	1T2R
	type B
	Table 3, MCS5
	TDLCA30-300
	4OS
	DMRS 1+0
	60kHz
	100MHz
	-7
	-4.5

	1T2R
	type B
	Table 3, MCS5
	TDLCA30-300
	4OS
	DMRS 1+0
	120kHz
	50MHz
	-6.3
	-3.8

	1T2R
	type B
	Table 3, MCS5
	TDLCA30-300
	4OS
	DMRS 1+0
	120kHz
	100MHz
	-7.1
	-4.6





Conclusion
In this contribution we have provided our views on PUSCH repetition type B in the context of the NR_L1enh_URLLC WI. We have furthermore provided the last remaining simulation results.
We have made the following observations and proposals:

PUSCH repetition type B scenarios
1. There are at least four distinct, but common in deployment, ways to configure PUSCH repetition type B. Each configuration covers different use cases and stresses the receiver implementation in particular ways. All of them required separate minimum performance requirements.

PUSCH repetition type B issues
Depending on the chosen configuration (especially, TDRA, repetitions K, and addPos) the TB can experience extensive puncturing, with strong impact on demodulation performance. Details concerning DM-RS configuration application to actual repetition remain to be aligned.

PUSCH repetition type B in Rel-16
1. RAN4 to not treat PUSCH repetition type B demodulation performance requirements in this WI.
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