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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#102 e-meeting [1], the following agreements about PUSCH coverage enhancement were achieved.
	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:
· 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:
· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including
· Inter-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B
· [Sub-PRB transmission for VoIP]
· FFS: details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
[Note: Appropriate simulation assumptions are expected.]


In [2] [ 3], it is shown that PUSCH is the bottleneck channel among physical channels. In this contribution, we will discuss some potential solutions for PUSCH coverage enhancement.
2. Time domain based solutions for PUSCH enhancement
2.1. Enhancement on PUSCH repetition type A
[bookmark: _Hlk53562223]For PUSCH repetition type A, actual number of repetitions may be less than the one configured if available symbols are less than PUSCH length, resulting in degraded performance. Thus, increasing the actual number of PUSCH repetitions seems to be reasonable. If the actual number of repetitions is extended by simply extending the maximum number of repetitions, the actual number of repetition transmission may be not as expected. The network may configure a larger number of repetitions to obtain expected performance considering the unavailable resources, but possibly leading to unnecessary resource wastage. Instead, it is reasonable to allow PUSCH repetitions to be postponed if overlapping with unavailable resources. In this case, PUSCH repetition with non-consecutive slots or on the basis of available slots can be achieved, and the performance can be guaranteed by reaching the configured number of repetition transmissions. 
Proposal 1: For PUSCH repetition type A, it is beneficial to postpone the PUSCH repetition if the resources are not available.
Observation 1: Increase the number of actual repetitions for PUSCH repetition type A have potential specification impacts in the following aspects:
· The maximum number of repetitions for repetition type A should be extended. 
· The postponement rules for repetition type A should be supported.
2.2. Enhancement on PUSCH repetition type B
In current specification, actual repetitions may have fewer allocated symbols than nominal repetition, leading to a higher transmission code rate. Furthermore, if the actual repetition transmitted information using self-decodable RV, such as RV0 or RV3, the performance would degrade severely, especially when the actual repetition occupies very few OFDM symbols or the actual repetition is omitted. Take a resource allocation example, regardless of the collision handling for repetition due to dynamic SFI and semi-static configuration, as follow:
S=12, L=13, K=4, repetition type B, with RV cycling based on [0 2 3 1], shown in Figure 1.
[image: ]
Figure 1. Example of resource allocation for repetition type B
To figure out the performance of repetition type A and repetition type B, the simulations are evaluated in Figure 2. The simulation assumptions are provided in Table 1 in Annex.
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Figure 2. Comparison of repetition type A and repetition type B
As shown in the figures above, it is observed that RV0 and RV3 could not be effectively transmitted, resulting in significant performance degradation. 
One simple solution is that actual repetitions belong to one nominal repetition transmit successively a part of modulated symbols after rate matching corresponding to a TB. And this TB is rate-matched according to the allocated resource of this nominal repetition. Alternatively, the same RV can be used for an actual repetition if the last actual repetition is allocated with few symbols. In this case, the performance of these actual repetition could be improved. In order to justify the benefit of this solution, we conduct the performance evaluation. The simulation assumptions and results are provided in Table 1 in Annex and Figure 3, respectively. 
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Figure 3. Comparison of enhanced RV solution and repetition transmission
As shown in the figure above, this solution can provide about 2 dB performance gain compared with blind RV cycling in current repetition type B, and approach to the performance of repetition type A with the same MCS level. 
Observation 2: Compared to RV cycling, enhanced RV solution can provide about 2 dB performance gain in some cases. 
Proposal 2:  Enhanced RV solutions for PUSCH repetition type B transmission should be considered.
Enhanced RV solutions require new rules of determining RV for each repetition, but there are a few necessary modifications. In addition, some enhanced solutions for repetition type B could also be considered. For example, enhanced segment rules for actual repetitions.          
Observation 3: Enhanced RV solution has potential specification impacts in the following aspects
· Enhanced or new rules of determining RV for each repetition.
· Enhanced or new segment rules of actual repetitions. 
2.3. Multi-slot PUSCH
In last meeting, multi-slot PUSCH is considered as one of the high priority solutions for PUSCH coverage enhancement. If multi-slot PUSCH is introduced, more power gain or coding gain can be obtained due to more occupied resources. For TB processing described in agreements above, one way applies that single TB is sized for a single slot, but transmitted in parts over multiple slots, and another way applies that single TB is sized for multiple slots, transmitted over multiple slots. As for the former, each TB part could have its own CRC bits and can be decoded independently, even different HARQ processes could be used. But the code rate of each part become higher due to additional CRC bits, particularly CRC overhead becomes excessive for small data transmission. The latter scheme suffers from longer processing latency and larger buffer size. 
Proposal 3: It is beneficial to support multi-slot PUSCH for coverage enhancement.
For TDRA in multi-slot PUSCH, it is not flexible if PUSCH is allocated with the same start symbol and length in the multiple slots. Figure 4(a) shows an example of applying the same TDRA over 2 slots. If there are unallocated OFDM symbols in one slot depending on TDRA, multi-slot PUSCH suffers from the discontinuous resource and inflexible allocation, and the available resources cannot be fully utilized. Furthermore, due to the non-consecutive transmission, it would be difficult to guarantee power consistency or phase continuity within a multi-slot PUSCH transmission.  Figure 4(b) shows examples of uniform TDRA indication over 2 slots, in which case UE determines the UL resources over multiple slots based on indicated starting symbol and length of the PUSCH, and the length L can be larger than 14 symbols. The additional field to indicate time domain resources of multi-slot PUSCH can be limited, compared with separated TDRA indication for each slot.


(a) repeated start symbol and length for 2 slots


(b) uniform start symbol and length for 2 slots
Figure 4. Examples of time domain resource allocation
Observation 4: For multi-slot PUSCH, applying the same TDRA over multiple slots would result in the discontinuous resource and inflexible allocation, the available resources cannot be fully utilized.


In addition, the computation of TBS and DMRS pattern in time domain are defined for one slot in current specification. For TBS determination, a scaling factor could be introduced in the computation of TBS with minimum specification impact. For example, let be the scaling factor, and revise the formula of determining the total number of REs allocated for PUSCH as  when determine TBS. 
In current specification, the positions of DMRS symbols in time domain are restricted in the duration of scheduled PUSCH resources within one slot. Besides, DMRS sequence initialization is function of the slot number within a frame. Therefore, modification related to DMRS should be considered for supporting multi-slot PUSCH, such as DMRS sequence initialization and DMRS pattern. One simple way is that the DMRS is generated and mapped independently in each slot, and current mechanism can be reused as much as in each slot.
[bookmark: _Hlk53567640]Observation 5: Multi-slot PUSCH scheme has potential specification impacts in the following aspects
· Uniform TDRA or start symbol and length is redesigned for multi-slot PUSCH. 
· The computation of TBS and DMRS pattern for multi-slot PUSCH is modified.
3. Frequency domain based solutions for PUSCH enhancement
3.1. Enhanced frequency hopping
Frequency hopping is introduced for PUSCH to improve performance since it can provide frequency diversity gain. Both intra-slot frequency hopping and inter-slot frequency hopping are supported in Rel-15, and inter-repetition frequency hopping for repetition type B has also been supported except for inter-slot frequency hopping in Rel-16. 
The performance gain brought by frequency hopping mainly depends on the frequency locations of each hop and the number of hops. In our understanding, frequency hopping with more frequency offsets may benefit from finer granularity on offsets or more candidate offset values. However, it could be up to network implementation to select the most suitable offset value. On another hand, if more frequency hops are utilized than 2 hops in current specification, more performance gain due to frequency selectivity can be expected. Frequency hopping on 4 different frequency locations can provide about 1dB performance gain compared with hopping on 2 frequency locations for inter-slot frequency hopping, as observed in our contribution [4]. 
Proposal 4: More frequency hops for inter slot frequency hopping should be considered with higher priority.
In last meeting, intra-repetition frequency hopping was proposed for PUSCH repetition type B. However, the benefits need to be justified. Figure 5 gives the examples of inter-slot, inter-repetition and possible intra-repetition frequency hopping pattern as follow.

 
(a) inter-slot frequency hopping pattern for repetition type B

 
(b) inter-repetition frequency hopping pattern for repetition type B

 
(c) possible intra-repetition frequency hopping pattern based on nominal repetition
Figure 5. Examples of frequency hopping pattern for repetition type B
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For intra-repetition frequency hopping pattern above, actual repetition #1-1 and actual repetition #1-2 undergo separate frequency selective fading. Thus, the process of channel estimation should be based on DMRS symbols of actual repetition #1-1 and actual repetition #1-2 respectively. Meanwhile, DMRS symbols in time domain should be determined based on the duration of second hop, which consists of actual repetition #1-2 and actual repetition #2. Therefore, channel estimation for second hop may cross the slot boundary. If regard actual repetition #1-2 and actual repetition #2 as divided part to proceed the channel estimation, there may be more DMRS overhead in each actual PUSCH repetition, which will likely harm the performance. Therefore, the benefit of intra-repetition frequency hopping for repetition type B is not clear.  
Proposal 5: Intra-repetition frequency hopping for PUSCH repetition type B should be deprioritized.
3.2. Sub-PRB transmission for VoIP
In last meeting, sub-PRB PUSCH transmission is proposed for coverage enhancement for VoIP. The motivation is to achieve higher PSD with further reduced transmission bandwidth. Since the capacity of half PRB is limited, the sub-PRB transmission should be considered together with multi-slot transmission for VoIP, hence all aspects discussed in previous section on multi-slot transmission are applicable. However, as discussed in [5], fewer RBs and higher coding rate does not necessarily mean better performance. Similarly, sub-PRB transmission does not necessarily bring about performance gain compared with RB based PUSCH.
In order to evaluate the performance of sub-PRB transmission over multiple slots, we conduct the simulation and results are shown in figure below. The simulation assumptions are provided in Table 2 in Annex.
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Figure 6. Comparison of sub-PRB and PUSCH repetition type A
As shown in the simulation results above, it can be observed that sub-PRB transmission with single TB sized for multiple slots and transmitted over multiple slots has nearly the same performance as repetition type A transmission, better than sub-PRB transmission with single TB sized for a single slot but transmitted in parts over multiple slots. 

However, sub-PRB transmission with single TB sized for multiple slots and transmitted over multiple slots suffers higher complexity and latency. Furthermore, sub-PRB transmission requires significant work on specification. Firstly, the computation of TBS and the mapping of modulated symbols will be different for sub-PRB transmission. For instance, introduce a scaling factor for TB size determination related to number of tones allocated in one RB to minimize specification impact, e.g. . And, how the sub-PRB transmission is indicated also need to be specified. Once sub-PRB transmission is considered together with multi-slot transmission for VoIP, extra effort for supporting multi-slot transmission is also needed. Furthermore, the DMRS pattern and DMRS sequence is defined based on at least one RB in current specification, a lot of effort on DMRS design is required to support this feature.
Observation 6: Sub-PRB transmission does not have meaningful performance gain over PUSCH repetition type A with the same TBS.
Observation 7: Sub-PRB transmission will lead to significant specification work, if supported.
Proposal 6: sub-PRB transmission is not supported for PUSCH coverage enhancement.
4. DMRS related solutions for PUSCH enhancement
4.1. Joint channel estimation
PUSCH repetition transmission can be transmitted in consecutive occasions. Therefore, joint channel estimation can take advantage of DMRS symbols of several transmission for better performance, especially in time non-selective fading channel. And the benefit of joint channel estimation had been observed [4]. With increasing number of repetitions/slots, the performance improvement of joint channel estimation is more remarkable as follow.
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[bookmark: _Ref39856031][bookmark: _Ref39856026]Figure 7. Comparison of PUSCH repetition transmission with and without joint channel estimation
However, performance of joint channel estimation depends on phase continuity and power consistency. Thus, how to guarantee phase and power continuity should firstly be addressed. The potential solution is to indicate the continuity/spatial relation among slots or transmissions implicitly or explicitly. UE transmits the signal satisfying continuity relation based on the indication and gNB autonomously proceeds joint channel estimation over multiple slots or transmission.
Observation 8: Phase continuity and power consistency among slots or transmissions is not required in current specification.
Proposal 7: It is beneficial for joint channel estimation to guarantee phase continuity and power consistency among multiple slots or transmission.
In last meeting, joint channel estimation is considered as one of the high priority solutions for PUSCH coverage enhancement. If joint channel estimation across PUSCH transmission introduced in Rel-17, some potential specification impacts are expected.
[bookmark: _Hlk53798720]Firstly, phase continuity and power consistency between PUSCH transmission are the premises of joint channel estimation as described above. In current mechanism, UE can adjust the transmission power per transmission occasion. If output power is changing aross PUSCH transmission, the performance can not be guaranteed. Hence, UE should keep the same output power across PUSCH transmission, which would lead to new UE behaviours in power control.
In addition, UE transmission power may be impacted by other procedures. For example, if UE is configured with CA and indicated to transmit PUSCH repetition transmission coherently in the first serving cell, and UE is indicated to transmit on a second serving cell which starts during the PUSCH repetition transmission, UE may need to adjust transmission power on the first serving cell, which may damage the coherency of PUSCH repetitions. Potential UE behaviors may need to be defined to address this issue.
Besides,  the granularity in time domain of joint channel estimation would be also be defined by potential solution s based on DMRS, such as DMRS bundling or other solutions. The granularity can be determined explicitly or implicitly, which may have specification impacts in section 9 of TS 38.213.
Observation 9: Joint channel estimation have potential specification impacts in the following aspects
· UE need to keep the same Tx power across PUSCH transmission if coherent transmission is configured;
· Potential UE behavior if the coherency of PUSCH repetitions is impacted by other procedures, e.g. simultaneous transmission if configured with CA;
· The granularity in time domain should be defined for joint channel estimation.

5. Conclusion
[bookmark: _GoBack]In this contribution, we discuss the potential solutions for PUSCH coverage enhancement, and have the following observations and proposals: 
Observation 1: Increase the number of actual repetitions for PUSCH repetition type A have potential specification impacts in the following aspects:
· The maximum number of repetitions for repetition type A should be extended. 
· The postponement rules for repetition type A should be supported.
Observation 2: Compared to RV cycling, enhanced RV solution can provide about 2 dB performance gain in some cases. 
Observation 3: Enhanced RV solution has potential specification impacts in the following aspects
· Enhanced or new rules of determining RV for each repetition.
· Enhanced or new segment rules of actual repetitions. 
Observation 4: For multi-slot PUSCH, applying the same TDRA over multiple slots would result in the discontinuous resource and inflexible allocation, the available resources cannot be fully utilized.
Observation 5: Multi-slot PUSCH scheme has potential specification impacts in the following aspects
· Uniform TDRA or start symbol and length is redesigned for multi-slot PUSCH. 
· The computation of TBS and DMRS pattern for multi-slot PUSCH is modified.
Observation 6: Sub-PRB transmission does not have meaningful performance gain over PUSCH repetition type A with the same TBS.
Observation 7: Sub-PRB transmission will lead to significant specification work, if supported.
Observation 8: Phase continuity and power consistency among slots or transmissions is not required in current specification.
Observation 9: Joint channel estimation have potential specification impacts in the following aspects
· UE need to keep the same Tx power across PUSCH transmission if coherent transmission is configured;
· Potential UE behavior if the coherency of PUSCH repetitions is impacted by other procedures, e.g. simultaneous transmission if configured with CA;
· The granularity in time domain should be defined for joint channel estimation.
Proposal 1: For PUSCH repetition type A, it is beneficial to postpone the PUSCH repetition if the resources are not available.
Proposal 2:  Enhanced RV solutions for PUSCH repetition type B transmission should be considered.
Proposal 3: It is beneficial to support multi-slot PUSCH for coverage enhancement.
Proposal 4: More frequency hops for inter slot frequency hopping should be considered with higher priority.
Proposal 5: Intra-repetition frequency hopping for PUSCH repetition type B should be deprioritized.
Proposal 6: sub-PRB transmission is not supported for PUSCH coverage enhancement.
Proposal 7: It is beneficial for joint channel estimation to guarantee phase continuity and power consistency among multiple slots or transmission.
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Annex
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for PUSCH repetition transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS9: QPSK, 679/1024
MCS16:16QAM, 658/1024

	Repetitions
	K= 4

	Data allocation
	13 symbols per nominal, with 12 RBs allocated

	DMRS configuration
	Type 1, single symbol



[bookmark: _Ref40286529]Table 2. Link-level simulation assumptions for PUSCH
	Parameters
	Value for sub-PRB
	Value for repetition type A

	Carrier frequency
	4 GHz
	4 GHz

	Waveform
	CP-OFDM
	CP-OFDM

	Simulation bandwidth
	20 MHz
	20 MHz

	Channel model
	TDL-C
	TDL-C

	Delay scaling
	100ns
	100ns

	Doppler
	100Hz
	100Hz

	Subcarrier spacing
	30 kHz
	30 kHz

	Antenna configuration
	1T,2R
	1T,2R

	Channel estimation
	Real MMSE
	Real MMSE

	Channel coding scheme
	LDPC
	LDPC

	TB size
	64 bits
	64 bits

	Modulation
	QPSK
	QPSK

	Slots/Repetitions
	2 slots
	2 repetitions

	Data allocation
	14 symbols, 6 tones in 1 RB allocated
	14 symbols, 1 RB

	DMRS configuration
	Type 1, single symbol, 2 DMRS/slot
	Type 1, single symbol, 2 DMRS/slot


[bookmark: _Ref40286621]
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