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Introduction
In the last meeting, following agreements were made regarding on potential techniques for PUSCH coverage enhancement. [1]
	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:
· Following solutions are not considered for PUSCH enhancements in this study item in RAN1:
· Enhancements to improve spherical coverage / beam correspondence
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

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:
· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.

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.]

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, we provide our view on PUSCH coverage enhancement based on above agreements.

Time domain based solutions
In this section, we discuss time domain based solutions for PUSCH coverage enhancement. 

PUSCH repetition slots
In case of PUSCH repetition Type A, repetitions are performed using consecutive N slots, where N is the number of PUSCH repetitions indicated by gNB. However, the actual number of PUSCH repetitions in unpaired spectrum can be much smaller than N. For example, considering TDD frame structure configured as DDDSUDDSUU, only 30% of the PUSCH repetitions are available as shown in Figure 1. In this figure, PUSCH repetitions is configured with N = 8 and the transmission is started in slot #4, however only 3 repetitions in slot #4, #8, and #9 are actually performed. Therefore, the actual number of PUSCH repetitions can be much less than the configured number in unpaired spectrum, and it is required to be increased.
On the other hand, in case of PUCCH with configured repetition number N, N slots are selected and used where every symbols for PUCCH transmission is available for uplink. For example, a downlink slot which is not available for PUCCH transmission is not included to PUCCH repetition slots. Therefore, PUCCH transmission with repetition can be achieved N times regardless of TDD frame structure.
Thus, to solve the issue on the actual repetition number of PUSCH in unpaired spectrum, it is considerable to adopt the principle of PUCCH repetition. 

Proposal 1: To increase the number of PUSCH repetitions in unpaired spectrum, PUCCH repetition principle can be reused for PUSCH
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Figure 1. PUSCH repetition in unpaired spectrum

PUSCH symbol resource for repetition 
To enhance PUSCH coverage, it can be considered to utilize every available uplink symbols during repetition. Since PUSCH symbol resource are composed commonly across the repetitions, some uplink symbols cannot be utilized for PUSCH transmission. 
In Figure 2.(a), PUSCH transmission with 8 repetitions is scheduled by UL grant in slot #1, where each PUSCH transmission is composed by 14 symbols. Considering the required minimum gap time between PDCCH reception and PUSCH transmission in UE side, the PUSCH transmission is scheduled to be started in slot #4 which all 14 symbols can be utilized.
In this example, special slot in slot #7 is not used for PUSCH transmission even if it also contains uplink symbols. If uplink symbols in special slot can be utilized for PUSCH transmission, it would be helpful to enhance PUSCH coverage. 
Also, if PUSCH transmission can be started in slot #3 and uplink symbols located after the minimum gap time in the slot can be utilized for PUSCH, additional uplink resource can be used for PUSCH transmission. 
Overall, the way to utilize every available uplink resource as shown in Figure 2.(b) can be discussed. To accomplish it, flexible symbol resource allocation for PUSCH repetition can be considered.

Proposal 2: Flexible symbol resource allocation depending on PUSCH repetition slot should be studied for PUSCH coverage enhancement.

[image: ]
(a) Legacy PUSCH repetition with fixed PUSCH symbol resource
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(b) Enhanced PUSCH repetition with flexible PUSCH symbol resource
Figure 2. Enhancement on PUSCH symbol resource for repetition



PUSCH TB mapping over multi-slot
It is straightforward that PUSCH TB mapping over multiple slots will cause coding gain and overhead reduction by reducing TB segmentation.
Also, PUSCH TB mapping over multiple slots is beneficial in terms of PSD boosting and frequency domain resource multiplexing. As an example, the following two cases can be considered: First, as shown in figure 3.(a), a PUSCH TB is mapped into M PRBs in a slot, and the PUSCH is repeated over 8 slots. The other case shown in figure 3.(b), a PUSCH TB is mapped using M/2 PRBs over 2 slots. In this case, PUSCH is transmitted with 2x PSD boosting over 8 slots using 4 repetitions. 
Comparing two PUSCH transmission schemes, it is likely for PUSCH transmission in figure 3.(b) to achieve better performance thanks to energy combining gain. Additionally, more multiplexing gain in frequency domain can be obtained in PUSCH transmission in figure 3.(b) since it occupies only half of the frequency resource. 

Observation 1: PUSCH TB mapping over multi-slot is beneficial in terms of performance gain and frequency-domain multiplexing.
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(a) TB mapping over single slot                                   (b) TB mapping over multi-slot
Figure 3. An example of TB mapping over single slot and multi-slots

Symbol-level combining
Supporting symbol-level combining gives several benefits such as;
· Energy combining gain
· Time and frequency tracking performance gain
· Buffer size reduction
Energy combing gain can be provided by symbol-level combining which is that the repeated symbols over multiple subframes are combined before channel estimation to enhance PDSCH/PUSCH coverage. In addition, the time/frequency tracking performance gain can be provided by symbol-level combining, which is beneficial for PUSCH coverage enhancement in low SINR environment. And, the benefit on buffer size reduction can be achieved, which may be beneficial to a UE with reduced capability. 
For enjoying these benefits, symbol-level repetition was adopted in Rel-13 eMTC. In NR, symbol-level combining can be adopted by using existing PUSCH repetition technique. For example, in case of PUSCH repetition Type A, if same value of RV (e.g., RV 0) is used on each repetition during a bundle of slots, symbol-level combining can be achieved simply. In addition, for further performance enhancement from inter-cell interference randomization, scrambling sequence enhancement can be considered. 

Proposal 3: Symbol-level combining should be studied to enhance PUSCH coverage. Symbol-level combining can be supported by applying the same RV value during a bundle of PUSCH slots.

DMRS enhancement
In this section, we discuss DMRS enhancement for PUSCH coverage enhancement. 

Cross-slot channel estimation
Cross-slot channel estimation (i.e., DMRS bundling) is a promising solution to enhance channel estimation performance especially for stationary and low-speed UEs. To utilize DMRS in multiple slots for channel estimation together, the same beam direction and precoding should be applied for PUSCH transmission during these slots. Also, the PRB location for PUSCH transmission should be kept during these slots.

Proposal 4: To support cross-slot channel estimation, the same beam direction, precoding matrix, and PRB location should be applied for PUSCH repetitions for bundled slots.

Lower/higher DMRS density
Increasing and decreasing of DMRS density are discussed as candidate solutions for PUSCH coverage enhancement. In the current specification, the number of additional DMRS symbols can be configured by RRC, so the total number of DMRS symbols can be adjusted among 1, 2, 3, and 4 per slot. So, it seems that the current specification provides enough flexibility on the number of DMRS symbols. 

Proposal 5: Enhancement of DMRS density does not seems to be necessary.

Frequency domain based solutions
Frequency domain based solutions for PUSCH coverage enhancement are discussed in this section. 

Inter-slot frequency hopping with inter-slot bundling
To support cross-slot channel estimation for PUSCH repetition, the PRB location of PUSCH should be same during bundled slots for cross-slot channel estimation. Therefore, when frequency hopping is applied in addition to cross-slot channel estimation, bundled slot wise frequency hopping is required.
When frequency hopping with the unit of bundled slots is supported, it needs to be discussed further how to compose bundled slots applied for the same frequency location and how to determine the number of bundled slots. One simple candidate is that frequency location is switched according to a pattern every X consecutive slots where X is equal to the number of bundled slots for cross-slot channel estimation.

Proposal 6: To support bundled slot wise frequency hopping, the location and number of bundled slot need to be discussed further.

[bookmark: _GoBack]Sub-PRB transmission for VoIP
Similar to discussion in TB mapping over multi-slot, sub-PRB transmission can achieve energy combining gain from PSD boosting and frequency domain multiplexing gain. When sub-PRB transmission is applied, the amount of resource used for PUSCH transmission is limited. So, TB mapping over multi-slot can be applied together depending on the required amount of traffic.
When PUSCH is transmitted using sub-PRB resource, the mapping of DMRS for PUSCH also needs to be discussed. For example, DMRS mapping can be applied to the entire subcarriers in a PRB although PUSCH is transmitted in a part of the PRB, or new DMRS mapping pattern using sub-PRB resource can be specified. 

Proposal 7: For sub-PRB transmission, related topics (i.e., TB mapping, DMRS mapping) should be studied. 

Conclusion
In this contribution, we provide our view on PUSCH coverage enhancement in terms of time-domain based solutions, DMRS enhancement, and frequency domain based solutions. From the discussion, we obtained following proposals.

· Time domain based solutions
PUSCH repetition slots
Proposal 1: To increase the number of PUSCH repetitions in unpaired spectrum, PUCCH repetition principle can be reused for PUSCH
PUSCH symbol resource for repetition 
Proposal 2: Flexible symbol resource allocation depending on PUSCH repetition slot should be studied for PUSCH coverage enhancement.
PUSCH TB mapping over multi-slot
Observation 1: PUSCH TB mapping over multi-slot is beneficial in terms of performance gain and frequency-domain multiplexing.
Symbol-level combining
Proposal 3: Symbol-level combining should be studied to enhance PUSCH coverage. Symbol-level combining can be supported by applying the same RV value during a bundle of PUSCH slots.

· DMRS enhancement
Cross-slot channel estimation
Proposal 4: To support cross-slot channel estimation, the same beam direction, precoding matrix, and PRB location should be applied for PUSCH repetitions during the slots.
Lower/higher DMRS density
Proposal 5: Enhancement of DMRS density does not seems to be necessary.

· Frequency domain based solutions
Inter-slot frequency hopping with inter-slot bundling
Proposal 6: To support bundled slot wise frequency hopping, the location and number of bundled slot need to be discussed further.
Sub-PRB transmission for VoIP
Proposal 7: For sub-PRB transmission, related topics (i.e., TB mapping, DMRS mapping) should be studied. 
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