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Background
The following agreements were achieved at RAN1#102 e-meeting [1]. 
	[bookmark: _Hlk48920876]Agreements:
· Capture the following updated structure in TR 38.830.
6.1		PUSCH coverage enhancements	
6.1.1	Time-domain based solutions
6.1.2 	Frequency-domain based solutions
6.1.3	DM-RS enhancements
6.1.4 	Power-domain based solutions
6.1.5 	Spatial-domain based solutions
6.1.6	Others

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.]




PUSCH coverage enhancement for eMBB
We provide views on PUSCH coverage enhancement focusing on the prioritized items, which are highly related to PUSCH repetitions. Therefore, we analyze those items separately for FDD with repetition type A and for TDD with repetition type B, which we think as typical scenarios.
1.1. Enhancement for 700 MHz band with FDD
For FDD, continuous resource can be allocated for a PUSCH in time domain. Therefore, a single PUSCH may be allocated in consecutive slots. Here, the consecutive slots for the single PUSCH is denoted as “aggregated slot”.
Figure 1 is a concept of the aggregated slot. In Figure 1, a PUSCH is repeated 4 times where each repetition is numbered from #0 to #3. The aggregated slot consists of 4 slots (slot#1 to slot#4). In an aggregated slot, the following features can be considered.
1) DMRS bundling (i.e., DMRS samples in each repetition is jointly input to one channel estimator)
2) DMRS adaptation (e.g., DMRS is configured based on length of the aggregated slot)
3) TBS scaling




Figure 1: Concept of aggregated slots
DMRS bundling
In lower SINR region, obtaining accurate channel estimation is difficult. To obtain better channel estimation, time domain interpolation based on a number of DMRS samples by DMRS bundling is beneficial. The DMRS bundling is a kind of operation that a channel estimator estimates the channel state by DMRS samples each in different repetition. Interpolation methods can be receiver implementation, such as 2D MMSE, linear interpolation, or averaging. Figure 2 shows PUSCH BLER performance comparison of inter-slot joint channel estimation. In Figure 2, N indicates the number of PUSCH repetitions. If the number of repetitions is 4, about 1.5 dB performance improvement is observed in the target BLER of 0.1. Baseline evaluation assumptions are shown in our companion contribution [2].

Figure 2: PUSCH BLER performance comparison

Proposal 1: Capture DMRS bundling as a candidate solution for coverage enhancement in the TR.
DMRS adaptation
Up to Rel-16, DMRS is allocated to every repetition, which is not beneficial in low mobility UEs (e.g., stationary or pedestrian).  On the other hand, in the concept of aggregated slots, DMRS allocation may be optimized for the aggregated slot. For example, One DMRS configuration may provide that DMRS is allocated only to repetition#0 and repetition#2. Repetition#1 and Repetition#3 are DMRS-less repetitions. By reducing DMRS samples in time domain, coding rate can be relaxed. Therefore, DMRS-less repetition in the aggregated slot can be considered.
Proposal 2: DMRS-less repetition in the aggregated slot can be considered.
TBS scaling
In the aggregated slot with a number of repetitions, TBS scaling should be considered to meet the target data rate requirement of 1 Mbps. For example of 15 kHz SCS, for a PUSCH with single slot, TBS is 1032 when the number of physical resource blocks is 30, two DMRS samples are allocated in the single slot, and MCS index is 0 in the default MCS table. When the slot is aggregated 4 times, TBS should be larger than 4000 by setting the MCS index to 7. MCS 7 is still QPSK. However, when we consider 8 slot repetition, MCS index needs to be set to 13 or larger, which corresponds to 16 QAM. Since higher order modulation like 16 QAM is not appropriate in the coverage edge, we propose mechanism to scale the TBS based on the amount of time resources (e.g., the number of slots).
Proposal 3: TBS scaling is required to meet the target data rate requirement in a PUSCH transmission with aggregated slot.
1.2. Enhancement for 2.6 or 3.5 GHz band with TDD
For TDD, PUSCH resources may be discontinuous in time domain. Therefore, a single PUSCH may be allocated in non-consecutive slots. In TDD, repetition type A may not provide enough resource due to cancellation of repetitions by DL symbols. Therefore, we may need to assume repetition type B as a baseline. 
Figure 3 is an example of PUSCH repetition in TDD. In Figure 3, we assume DDDSU with S=10D2S2U and each nominal repetition includes 8 symbols (shown as N_Repetition#0, #1 in Figure 3). In that case, consecutive 16 uplink symbols across slot#3 and slot#4 can be allocated with 3 actual repetitions (A_Repetition#0a, #1a, #2a in Figure 3). As discussed in FDD, we can consider similar concept like aggregated slots for TDD. We denote them as aggregated resource. In an aggregated resource, the following features can be considered.
1) DMRS bundling
2) DMRS adaptation
3) TBS scaling

DMRS bundling
DMRS bundling can be considered also for aggregated resource. For repetition type B as shown in Figure 3, the actual repetition (i.e., A_Repetition#0a) includes only 2 OFDM symbols in Slot #3. This kind of PUSCH with short length typically includes only 1 DMRS symbol, which has worse channel estimation performance. Therefore, DMRS bundling is beneficial for repetition type B.
DMRS adaptation
For the PUSCH with short length, DMRS is configured unnecessarily densely since DMRS is configured based on the length of the actual repetition. For example, in the example in Figure 3, front loaded DMRS is configured in symbol #13 in slot #3 and symbol #0 in slot #4. To reduce unnecessarily dense DMRS configuration, DMRS adaptation can be considered per aggregated resource or nominal repetition.
Proposal 4: DMRS allocation can be based on the aggregated resource or the nominal repetition instead of the actual repetition.
TBS scaling
For 15 kHz SCS, TBS needs to be 10000 or larger for the aggregated resource, which requires higher MCS than the one for FDD case. Therefore, TBS scaling should be considered with higher priority. 
For repetition type B, two options for TBS scaling can be considered. Option 1 is to scale the TBS based on the amount of time resources as for FDD. Option 2 is to allow longer nominal repetition length than 14 (e.g., 140 OFDM symbols corresponding to 1 radio frame).
Proposal 5: For repetition type B, TBS scaling can be considered with
	Option 1: Scaling based on the amount of time resources or
	Option 2: Longer nominal repetition length than 14.



Figure 3: An example of PUSCH repetition in TDD.
1.3. Enhancement for VoIP
[bookmark: _GoBack]VoIP packets are so small (e.g., 320 bits with 20 ms interval), repetition would provide coverage enhancement. For example, TBS is 320 bits when the number of physical resource blocks is 10, the number of DMRS samples is 2 OFDM symbols and MCS index is 0 in the default MCS table. If RAN1 agrees that 10 PRB allocation as a baseline assumption for VoIP, no other scheme is necessary to be discussed. If reduced number of PRBs (e.g., 4 PRBs as captured in Chairman’s note at RAN1#101-e with square brackets) are the baseline, some other schemes (e.g., TBS scaling) can be discussed to reduce the number of PRBs allocated.
Proposal 6: Increased number of repetitions can be considered for VoIP coverage enhancement.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Capture DMRS bundling as a candidate solution for coverage enhancement in the TR.
Proposal 2: DMRS-less repetition in the aggregated slot can be considered.
Proposal 3: TBS scaling is required to meet the target data rate requirement in a PUSCH transmission with aggregated slot.
Proposal 4: DMRS allocation can be based on the aggregated resource or the nominal repetition instead of the actual repetition.
Proposal 5: For repetition type B, TBS scaling can be considered with
	Option 1: Scaling based on the amount of time resources or
	Option 2: Longer nominal repetition length than 14.

Proposal 6: Increased number of repetitions can be considered for VoIP coverage enhancement.
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