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In RAN1#102e, the following agreement was made regarding PUSCH enhancements [1].
	Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DM-RS balancing among frequency hops

Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions

Agreements:
· Study following power domain based solution for PUSCH enhancements
· Waveform design to optimize MPR/A-MPR
· [FDD high power UE]
· Power boosting for pi/2 BPSK 
Note: if a LS to RAN4 (for the last two bullets) is deemed necessary, target sending the LS in the 1st week of RAN1#103-e



In this contribution, the possible enhancements related to time-domain enhancements, DM-RS bundling, extended slot transmission in type B repetition, TB processing over multiple slots and waveform design to minimize MPR are discussed.
Time domain and DM-RS enhancements
DM-RS in special slots and DM-RS bundling to enable cross-slot channel estimation
In TDD, the number of uplink slots is limited, creating a constraint for the number of DMRS symbols that can be placed in an uplink slot. There exists tradeoff between the number of DMRS placed and number of resource blocks (RB) required to achieve target data rate, i.e., as the number of DMRS symbols in an uplink slot increases, the number of RBs increases as well. Therefore, the number of DMRS symbols placed in an uplink slot should be minimized to maximize the power allocation for data without degrading channel estimation performance.
Observation 1: The number of DMRS symbols placed in an uplink slot should be minimized without sacrificing channel estimation performance
One approach is to take advantage of a special slot which can be placed before the uplink slot. Typically, several uplink symbols follow the guard symbols in a special slot and it is possible to place reference signals in the uplink symbols in the special slot. Thus, it is possible to place DMRS symbols in a special slot which can be used to assist channel estimation in the following uplink slot. An example of such placement is shown in Figure 1 where one UL DMRS symbol is placed in the special slot which is followed by an uplink slot.
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[bookmark: _Ref47746548]Figure 1 An example of placement of UL DMRS in a special slot before uplink slot
Observation 2: DMRS symbol can be placed in a special slot which is placed before the uplink slot, allowing channel estimation across the slot boundary
The proposal here is similar to DMRS bundling in which DMRS placed outside of the uplink slot can be used for channel estimation for the corresponding slot. Thus, the following proposal is made.
Proposal 1:Support DMRS placement in a special slot which can be bundled with DMRS in the adjacent uplink slot
To allow joint channel estimation, bundled DMRS should be the same hop. Thus, frequency hopping pattern which incorporates all bundled DMRS in the same hop should be supported.
Proposal 2:Support frequency hopping pattern which contains bundled DMRS in the same hop.
In addition, DMRS bundling for PUSCH repetition should be supported to enhance channel estimation. DMRS bundling could be supported for repetition type A, type B or both. While Type A offers slot-basis repetition, Type B offers flexibility in resource mapping, allowing repetition to be placed across slots. For type B, whether bundling can be applied to both actual and nominal repetitions should be discussed.
Proposal 3: Support DMRS bundling for repetition type A and B


Extended slot transmission for type B repetition
General descriptions
Related to the previous proposal, the PUSCH duration may be extended into the uplink symbols in the special slot. In this case, the PUSCH occupy entire uplink slot and possibly uplink symbols in the adjacent slot. In terms of DMRS placement, the DMRS in the special slot can be used as an additional DMRS, possibly improving quality of channel estimation. By extending the length of PUSCH, DMRS density in PUSCH can be decreased, improving spectral efficiency of PUSCH. An example of the extended slot is shown in Figure 2.
Proposal 4: Support the use of uplink symbols in the adjacent special slot to extend duration of PUSCH

[image: ]
Figure 2 An example of extended slot transmission
Application to repetition type B: additional uplink resources in extended slots
The configuration shown in Figure 2 can be seen as an enhancement of Type B repetition where one PUSCH transmission is defined across the slot boundary, which will be referred as an extended slot in this contribution. In the example shown in Figure 2, the additional uplink symbols in the special slot can be used to allocate PUSCH or DMRS symbols. An example of allocation of DMRS symbols in the baseline slot and extended slot, consisting of 14 and 16 uplink symbols, respectively, is shown in Figure 3. In the figure, 2 DMRS symbols are placed in the baseline and extended slot, where the first DMRS symbol is placed in the first symbol in respective slot. The location of the 2nd DMRS symbol is fixed for both schemes.



Figure 3 Illustration of 14-symbol baseline slot and 16-symbol extended slot (enhancement) with 2 DMRS
In the following, simulation results are shown to compare the performance of the baseline and extended slot. Due to increased resources in the time domain in the extended slot, the number of PRBs in the extended slots can be reduced, while achieving the target performance for eMBB and VoIP. 
In the following analysis, the effect of reduced RBs on BLER performance is investigated. In Table 1 and Table 2, the simulation parameters assumed in the comparison are shown. In this simulation, pi/2 BPSK and QPSK are assumed for the rural 4GHz TDD and indoor 28GHz scenario, respectively. Frequency hopping, repetition and HARQ are not implemented in the evaluation. In the evaluation, low mobility is assumed.
In Figure 4, BLER simulation results are shown. From the figure, it is clear that around iBLER=2%, there is no significant difference in BLER performance between baseline and enhancement for the VoIP scenario. Similarly, as shown in Figure 5, at iBLER=10%, there is no significant difference in BLER performance between baseline and enhancement for the eMBB scenario.
[image: ]
Figure 4 Evaluation of reduced number of PRBs for extended slot transmission, 4GHz TDD, VoIP, pi/2 BPSK, VoIP, PUSCH
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Figure 5 Evaluation of reduced number of PRBs for extended slot, 28GHz TDD, eMBB, PUSCH
Based on the evaluation results, we make the following observation.
Observation 3: The number of required PRBs can be lowered compared to the baseline scheme using the enhanced Type B transmission where the length of actual repetition is 16 
Application to repetition type B: additional DMRS in extended slots
Due to additional resources available in the extended transmission, additional DMRS can be configured. As shown in Figure 6 and Figure 7, additional DMRS can be allocated in the extended transmission in the uplink symbols in the special slot. In this subsection, performance of the extended slot with additional DMRS for the high mobility scenario is evaluated. The simulation parameters are summarized in Table 3. In Figure 8 and Figure 9, BLER performances of the extended slot with additional DMRS are shown. From the figures, it is clear that 0.33dB to 0.38dB gain can be achieved with the additional DMRS in the eMBB scenario. In the VoIP scenario, 0.2 dB to 0.36 dB gain can be obtained. 


Figure 6 Comparison between 14-symbol baseline slot and 16-symbol extended slot with additional DMRS in uplink symbols (2 PRBs)


Figure 7 Comparison between 14-symbol baseline slot and 16-symbol extended slot with additional DMRS in uplink symbols (3 PRBs)
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Figure 8 Effect of additional DMRS in the extended slot, eMBB
Based on the evaluation results, we make the following observation.
Observation 4: The BLER performance can be improved by allocation of an additional DMRS symbol in the enhanced Type B transmission where the length of actual repetition is 16 
Application to repetition type B: Optimization of MCS
Finally, taking advantages of the extra resources in the extended slot, MCS can be optimized in the enhanced scheme. The simulation parameters are shown in Table 4. BLER performance is shown in Figure 10. From the figure, nearly 2 dB performance gain can be obtained with the extended slot with optimized MCS.
Observation 5: BLER performance can be improved with optimized MCS and nearly 2 dB gain can be obtained over the baseline scheme in the enhanced Type B transmission where the length of actual repetition is 16
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Figure 9 Effect of additional DMRS in the extended slot, VoIP
[image: ]
Figure 10 Effect of optimized MCS for the extended slot , VoIP
Based on the simulation results, the following proposal is made;
Proposal 5 : Support enhanced Type B repetition where the length of a repetition is larger than 14 symbols 
Repetition over non-consecutive slots
In the current specification, repetition counter is incremented over any slots, and repetition for PUSCH is limited by the frame structure. For example, for the frame structure such as DDDSU, to achieve 2 repetitions for PUSCH, the repetition parameter repK=8 must be configured. This feature lacks flexibility in configurations, limiting the number of possible repetitions for PUSCH, and coverage performance is scarified. Therefore, the following proposal is made.
Proposal 6: Support repetition of PUSCH over non-consecutive slots
TB processing : Multi-slot PUSCH
In low SNR conditions, transmission based on repetitions with RV cycling is not always the best way to improve coverage, e.g. in scenarios of limited power headroom, limited cell capacity, or when stringent latency is required. Coverage enhancement by repetition can require a wider band frequency domain allocation to accommodate the TB size within a slot (e.g. more than 1 PRB).  
Even if the TB size is not be large, latency requirements (e.g. VoIP or time-sensitive traffic) might not be met when numerous repetitions required to meeting the HARQ operating point. Further, from a cell load/capacity point of view, when the cell is serving many devices in cell-edge conditions, repetition may limit the number of served devices in the cell and can thus yield to starvation of non-GBR traffic.
Observation 6: 	Relying solely on repetitions to meet PUSCH coverage can have the following shortcomings:
1)	A non-narrow band frequency allocation, thus reducing the TB’s power spectral density
2)	An increase of latency required to transmit the TB/reach the required HARQ operating point
3)	Increased cell load, which may come at the cost of other service types or users in the cell.
Spreading the TB over multiple slots in the time domain, however, can improve the power spectral density. A single TB can be scheduled over multiple consecutive slots with a narrower frequency allocation. Modulated symbols can be mapped over multiple resources in the time domain to ensure a higher spectral density. 
The block error rate performance of TB scheduled over multiple consecutive slots for the 4GHz TDD rural scenario is presented in Figure 11. The simulation parameters for the evaluation is shown in Table 5. In the proposed multi-slot PUSCH, the TB is spread out across multiple slots with one PRB allocated per slot.
From Figure 11 it is clear that by spreading the TB over 2 or 5 slots, in lower SNR regions up to nearly 1.75 dB gain can be achieved at iBLER=10% by implementing multi-slot PUSCH when the TB is spread over 5 slots. Further gain can be expected by optimizing the number of slots over which the TB is scheduled. 
The performance of the multi-slot scheme is also evaluated in the 700MHz FDD eMBB scenario. The evaluation parameters are summarized in Table 6. The BLER performance of the multi-slot scheme is shown in Figure 12. From the figure, the performance gain of nearly 0 dB and 1.0 dB for TB scheduled over 3 or 2 slots can be observed for QPSK, respectively. In addition, when the TB is scheduled over 3 slots, nearly 1dB gain can be observed for pi/2 BPSK.
The performance of the multi-slot scheme is evaluated in the 700 MHz FDD VoIP scenario. The evaluation parameters are shown in Table 7. The BLER performance of the multi-slot scheme is shown in Figure 13. From the figure the performance gain of nearly 2.0 dB and 0.4 dB can be obtained at iBLER=2% for QPSK and pi/2 BPSK, respectively.
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[bookmark: _Ref53742051]Figure 11 Multi-slot vs. Baseline performance, 4GHz TDD, eMBB, QPSK
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Figure 12 Multi-slot vs. Baseline performance, 700MHz, FDD eMBB, QPSK, pi/2 BPSK
[image: ]
Figure 13 Multi-slot vs. Baseline performance, 700MHz, FDD VoIP, QPSK, pi/2 BPSK
Observation 7: TB mapped over multiple slots can yield up to 2 dB gain
Proposal 7: Support TB scheduling over consecutive slots in the time domain without repetition
The UE alternatively can split the TB into multiple coded segments that are transmitted over multiple slots. For example, DFT codes or similar can be used for orthogonal coding scheme to produce the coded TB segments (e.g. applied directly on modulated symbols). When the cell load is high and the cell is capacity limited, the gNB can multiplex another UE on the same set of resources by using a different spreading code from the same base sequence.
Outer codes or a similar block coding scheme can be used to produce coded TB segments. If the outer code is applied on the output bits of channel encoder, there should not be a reduction on channel coding gain, as the same TB size used by the channel encoder is used. The outer encoder then applies on the TB after channel coding, and each coded TB segment is then modulated on a different slot. 
Proposal 8: Support TB encoding for transmission of coded TB segments mapped over multiple slots
Given the transmission time for a multi-slot PUSCH can be long, a small portion of the PUSCH transmission may suffer worse channel conditions than remaining scheduled slots (e.g. due to deep fading, fast fading, or sporadic interference). It can thus be beneficial to retransmit a portion of the TB that was not successfully decoded. Given the TBS is small, CBG retransmission may not be possible or efficient. The gNB can request to retransmit symbols mapped to a given slot for example.
Proposal 9: Support partial TB retransmission for TBs transmitted over a multi-slot PUSCH
Waveform design to optimize MPR/A-MPR
In NR, Maximum Power Reduction (MPR) is used to reduce the leakage caused by the uplink transmission on the adjacent channels. It consists of reducing the UE’s maximum transmission power so that the power level of the leakage can be reduced. The interference on adjacent channels is due to the imperfections of the waveform such as adjacent channel leakage, in-band emission and out-of-band emission.  In order to allow the UE to transmit with higher power, techniques to reduce the leakage/imperfections of the waveform may be considered. The adjacent channel leakage is mainly caused by the non-linearity of the power amplifier. Techniques to reduce the PAPR can help increasing the transmission power while keeping the power amplifier of the UE operating in the linear region, and consequently, UE’s transmission can have less leakage on the adjacent channels. MPR reduction techniques can be enabled when the UE is in coverage limited scenario. For example, the gNB can determine based on e.g. uplink reference signals or based on power head room report if the UE needs more transmission power to achieve the performance target. The gNB can then indicate to the UE to use PAPR reduction techniques in the subsequent uplink transmissions.  
Proposal 10: Support methods to minimize MPR of the waveform
Conclusion.
The following observations are made in this contribution.
Observation 1: The number of DMRS symbols placed in an uplink slot should be minimized without sacrificing channel estimation performance
Observation 2: DMRS symbol can be placed in a special slot which is placed before the uplink slot, allowing channel estimation across the slot boundary
Observation 3: The number of required PRBs can be lowered compared to the baseline scheme using the enhanced Type B transmission where the length of actual repetition is 16 
Observation 4: The BLER performance can be improved by allocation of an additional DMRS symbol in the enhanced Type B transmission where the length of actual repetition is 16 
Observation 5: BLER performance can be improved with optimized MCS and nearly 2 dB gain can be obtained over the baseline scheme in the enhanced Type B transmission where the length of actual repetition is 16
Observation 6: 	Relying solely on repetitions to meet PUSCH coverage can have the following shortcomings:
1)	A non-narrow band frequency allocation, thus reducing the TB’s power spectral density
2)	An increase of latency required to transmit the TB/reach the required HARQ operating point
3)	Increased cell load, which may come at the cost of other service types or users in the cell.
Observation 7: TB mapped over multiple slots can yield up to 2 dB gain
This contribution proposes to support the following enhancements
Proposal 1:Support DMRS placement in a special slot which can be bundled with DMRS in the adjacent uplink slot
Proposal 2:Support frequency hopping pattern which contains bundled DMRS in the same hop.
Proposal 3: Support DMRS bundling for repetition type A and B
Proposal 4: Support the use of uplink symbols in the adjacent special slot to extend duration of PUSCH
Proposal 5 : Support enhanced Type B repetition where the length of a repetition is larger than 14 symbols 
Proposal 6: Support repetition of PUSCH over non-consecutive slots
Proposal 7: Support TB scheduling over consecutive slots in the time domain without repetition
Proposal 8 Support TB encoding for transmission of coded TB segments mapped over multiple slots
Proposal 9: Support partial TB retransmission for TBs transmitted over a multi-slot PUSCH
Proposal 10: Support methods to minimize MPR of the waveform

Reference
[1] RAN1 Chairman’s notes, RAN1#102e, Aug., 2020.
Appendix
Table 1 Simulation parameters for performance evaluation of reduced number of PRBs for repetition type B enhancement, 4GHz TDD, VoIP
	
	Baseline
	Enhancement (extended slot for type B repetition)

	Channel, Center frequency
	PUSCH, 4GHz, TDD

	SCS, bandwidth, modulation
	30kHz, 100MHz, pi/2 BPSK DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 3km/hr

	TDD slot format
	DDDSU

	VoIP packet size
	320 bits

	UE TX antenna, BS RX antenna
	1 x 4

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	Number of PRB
MCS number, modulaton
	38
	33

	
	#0 Table 6.1.4.1-2, TS 38.214, pi/2 BPSK



Table 2 Simulation parameters for performance evaluation of reduced number of PRBs for repetition type B enhancement, 28GHz TDD, eMBB
	
	Baseline
	Enhancement (extended slot for type B repetition)

	Channel, Center frequency
	PUSCH, 28GHz, TDD, eMBB, indoor

	SCS, bandwidth, modulation
	120kHz, 100MHz, QPSK DFTsOFDM

	LLS channel, mobility
	TDL-A, DS=20ns, 3km/hr

	TDD slot format
	DDDSU

	UE TX antenna, BS RX antenna
	1 x 2

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	Number of PRB
MCS number, modulaton
	30
	26

	
	#5 Table 6.1.4.1-1, TS 38.214, QPSK



Table 3 Simulation parameters for evaluation of the effect of additional DMRS for repetition type B enhancement, 4GHz TDD, eMBB and VoIP
	
	Baseline
	Enhancement (extended slot for type B repetition)

	Channel, Center frequency
	PUSCH, 4GHz, TDD

	SCS, bandwidth, modulation
	30kHz, 100MHz, QPSK, DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 120 km/hr

	TDD slot format
	DDDSU

	UE TX antenna, BS RX antenna
	1 x 4

	VoIP packet size
	320 bits

	Channel estimation
	Realistic

	Number of DMRS symbols
Number of PRB, MCS number, modulaton, eMBB
	4
	5

	
	3, #5 Table 6.1.4.1-1, TS 38.214

	Number of DMRS symbols
Number of PRB, MCS number, modulaton, eMBB
	2
	3

	
	2, #6 Table 6.1.4.1-1, TS 38.214

	Number of DMRS symbols
Number of PRB, MCS number, modulaton, VoIP
	4
	5

	
	2, #9 Table 6.1.4.1-1, TS 38.214

	Number of DMRS symbols
Number of PRB, MCS number, modulaton, VoIP
	2
	3

	
	2, #8 Table 6.1.4.1-1, TS 38.214



Table 4 Simulation parameters to evaluate optimized MCS for repetition type B enhancement, 4GHz TDD, VoIP
	
	Baseline
	Enhancement (extended slot for type B repetition)

	Channel, Center frequency
	PUSCH, 4GHz, TDD, rural

	SCS, bandwidth, modulation
	30kHz, 100MHz, DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 3km/hr

	TDD slot format
	DDDSU

	VoIP packet size
	320 bits

	UE TX antenna, BS RX antenna
	1 x 4

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	MCS number, modulaton
Number of PRB

	#7 Table 6.1.4.1-1, TS 38.214, QPSK
	#5 Table 6.1.4.1-1, TS 38.214, QPSK

	
	3



Table 5 Simulation parameters for multi-slot TB, 4GHz TDD, eMBB
	
	Baseline
	Multi-slot PUSCH

	Channel, Center frequency
	PUSCH, 4GHz, TDD, rural

	SCS, bandwidth, modulation
	30kHz, 100MHz, QPSK DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 3km/hr

	UE TX antenna, BS RX antenna
	1 x 4

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	(# of PRB, # of slots)
MCS index
	(2,1)
	(1,2)

	
	#6 Table 6.1.4.1-1, TS 38.214

	
	(5,1)
	(1,5)

	
	#2 Table 6.1.4.1-1, TS 38.214



Table 6 Simulation parameters for multi-slot TB, 700 MHz FDD, eMBB
	
	Baseline
	Multi-slot PUSCH

	Channel, Center frequency
	PUSCH, 700MHz, FDD

	SCS, bandwidth
	15kHz, 20MHz, DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 3km/hr

	UE TX antenna, BS RX antenna
	1 x 4

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	(# of PRB, # of slots)
MCS index, modulation
	(2,1)
	(1,2)

	
	#2 Table 6.1.4.1-1, TS 38.214, QPSK

	
	(3,1)
	(1,3)

	
	#2 Table 6.1.4.1-2, TS 38.214, QPSK

	
	(3,1)
	(1,3)

	
	#0 Table 6.1.4.1-1, TS 38.214, pi/2 BPSK



Table 7 Simulation parameters for multi-slot TB, 700 MHz FDD, VoIP
	
	Baseline
	Multi-slot PUSCH

	Channel, Center frequency
	PUSCH, 700MHz, FDD

	SCS, bandwidth, modulation
	15kHz, 20MHz, QPSK DFTsOFDM

	LLS channel, mobility
	TDL-C, DS=300ns, 3km/hr

	Packet size
	320 bits

	UE TX antenna, BS RX antenna
	1 x 4

	Number of DMRS symbols per slot
	2

	Channel estimation
	Realistic

	(# of PRB, # of slots)
MCS index
	(6,1)
	(1,6)

	
	#2 Table 6.1.4.1-1, TS 38.214, QPSK

	
	(10,1)
	(1,10)

	
	#0 Table 6.1.4.1-1, TS 38.214, pi/2 BPSK
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