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At the RAN1#103-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
1. The following channels are identified as the potential bottleneck channels derived from the absolute metrics (i.e. service dependent metric and scenario dependent metrics) and the relative metric (i.e. relative difference between channels)
0. 1st priority 
0. PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
0. PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
0. 2nd priority  
1. PRACH format B4 
1. PUSCH of Msg.3
1. PUCCH format 1
1. PUCCH format 3 with 11bit 
1. PUCCH format 3 with 22bit 
1. Broadcast PDCCH
Agreements:
1. The following channels are identified as the potential bottleneck channels for 28 GHz scenario
1. PUSCH eMBB (DDDSU and DDSU)
1. PUSCH VoIP (DDDSU and DDSU)
1. PUCCH F3 11bits
1. PUCCH F3 22bits
1. PRACH B4
1. PUSCH of Msg3
1. PUCCH F1
1. No evident coverage bottleneck is identified for Indoor scenario for FR2

Agreements: Capture the following observation into the TR.
· Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

Agreements: Capture the following observation into the TR.
TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

Agreements: Capture the following observation into the TR.
Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support Joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling
In this contribution, we present our views on objectives for NR coverage enhancement WI. 
Objectives for PUSCH coverage enhancement 
At the RAN1#103-e meeting, it was agreed to recommend the following schemes for PUSCH coverage enhancement [1]. 
· Enhancement on PUSCH repetition type A
· TB processing over multi-slot PUSCH, with TBS determined based on multiple slots and transmitted over multiple integer slots 
· Joint channel estimation and inter-slot frequency hopping with inter-slot bundling
In our view, the above schemes should be considered as objectives for PUSCH coverage enhancement. 
Proposal 1
· The following objectives are considered for PUSCH coverage enhancement:
· Enhancement on PUSCH repetition type A
· TB processing over multi-slot PUSCH, with TBS determined based on multiple slots and transmitted over multiple integer slots 
· Joint channel estimation and inter-slot frequency hopping with inter-slot bundling

Objectives for PUCCH coverage enhancement 
For PUCCH coverage enhancement, the following schemes were considered for prioritized study during NR coverage enhancement SI phase. 
· DMRS-less PUCCH scheme
· PUSCH repetition type B like PUCCH repetition enhancement 
· Dynamic indication of PUCCH repetition factor
· DMRS bundling or joint channel estimation 
DMRS-less PUCCH scheme
[bookmark: _GoBack]In this section, we compare the link level performance between existing Rel-15 PUCCH format 3 and DMRS-less PUCCH scheme. In the simulations, two performance metrics were utilized [1]: 1) 1% BLER and 1% false alarm probability and 2) 1% DTX to ACK error rate, 1% ACK miss detection (including ACK to NACK and ACK to DTX) error rate, and 0.1% NACK to ACK error rate. Further, two options were assumed in the simulations:
· Rel-15 PUCCH format 3 (PF3): in the simulations, it was assumed 2 and 4 DMRS symbols. Further, non-coherent detection algorithm is employed. The detailed equation for this algorithm was described in the Appendix in [3].
· DMRS-less scheme with Gold sequence: in the simulations, initialization seed for Gold sequence generation is determined based on UCI information. Further, non-coherent detection based receiver is employed. 
Figure 1 and Figure 2 illustrate performance comparison between existing PF3 and DMRS-less PUCCH schemes when 2 and 4 Rx antennas are employed using two aforementioned performance metrics, respectively. In the simulations, it was assumed 14 symbols, intra-slot frequency hopping and UCI payload size from 3 to 11 bits. The detailed link level simulation results with UCI payload size of 3 and 11 bits based on the two performance metrics are illustrated in the Appendix. 
From the figures, it can be observed that:
· When using 1% false alarm probability and 1% BLER as performance metric, the performance difference between existing PUCCH format 3 and DMRS-less scheme for both 2 and 4 Rx antennas is negligible. More specifically, 
· The gap between existing PUCCH format 3 with 4 DMRS symbols and DMRS-less scheme is negligible for UCI payload size from 3 to 6 bits. 
· The gap between existing PUCCH format 3 with 2 DMRS symbols and DMRS-less scheme is ~0.1dB for UCI payload size from 7 to 11 bits.
· When using 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate as performance metric, existing PUCCH format 3 with 2 DMRS symbols can achieve similar performance as DMRS-less scheme, for both 2 and 4 Rx antennas. This is consistent for UCI payload size from 3 to 11 bits. 
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[bookmark: _Ref57291996]Figure 1. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 2 and 4 Rx antennas, 1% BLER and 1% False alarm probability
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[bookmark: _Ref57292003]Figure 2. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 2 and 4 Rx antennas, 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate
Observation 1
· When using 1% false alarm probability and 1% BLER as performance metric, the performance difference between existing PUCCH format 3 and DMRS-less scheme for both 2 and 4 Rx antennas is negligible. More specifically, 
· The gap between existing PUCCH format 3 with 4 DMRS symbols and DMRS-less scheme is negligible for UCI payload size from 3 to 6 bits. 
· The gap between existing PUCCH format 3 with 2 DMRS symbols and DMRS-less scheme is ~0.1dB for UCI payload size from 7 to 11 bits.
· When using 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate as performance metric, existing PUCCH format 3 with 2 DMRS symbols can achieve similar performance as DMRS-less scheme, for both 2 and 4 Rx antennas. This is consistent for UCI payload size from 3 to 11 bits. 

Based on the link level simulation results and observations, it is evident that DMRS-less PUCCH scheme does not provide additional benefit in term of link budget and coverage compared to the existing PUCCH format 3. Hence, in our view, DMRS-less PUCCH scheme is not supported for PUCCH coverage enhancement. 
Proposal 2
· For PUCCH coverage enhancement, DMRS-less PUCCH scheme is not supported.

 Other schemes for PUCCH coverage enhancement
During NR coverage enhancement SI phase, potential specification impacts on PUSCH repetition type B like PUCCH repetition enhancement and dynamic indication of PUCCH repetition factor were analysed as in TR38.830 [2]. Note that both schemes can help in improving the PUCCH coverage compared to existing PUCCH repetition mechanism. For instance, assuming special slot of 7 UL symbols and 14-symbol uplink slot, PUCCH repetition enhancement following PUSCH repetition type B can be employed to transmit 7-symbol long PUCCH with 3 repetitions, while existing PUCCH repetition scheme can only have 2 repetitions. 
Hence, in our view, PUSCH repetition type B like PUCCH repetition enhancement and dynamic indication of PUCCH repetition factor can be considered for PUCCH coverage enhancement. However, as discussed in our companion contribution [4], whether these two schemes are specified under eURLLC or CovEnh WI can be decided based on overall scope and time budget for these WIs. 
Further, as demonstrated in TR38.830 [2],  joint channel estimation and inter-slot frequency hopping with inter-slot bundling can provide performance gain for PUCCH compared to existing mechanism. In our view, similar to PUSCH coverage enhancement, joint channel estimation and inter-slot frequency hopping with inter-slot bundling should be considered as an objective for PUCCH coverage enhancement.
Proposal 3
· The following objectives can be considered for PUCCH coverage enhancement:
· PUSCH repetition type B like PUCCH repetition enhancement
· Dynamic indication of PUCCH repetition factor
· Joint channel estimation and Inter-slot frequency hopping with inter-slot bundling
· Whether PUSCH repetition type B like PUCCH repetition enhancement and dynamic indication of PUCCH repetition factor are specified under eURLLC or CovEnh WI can be decided based on overall scope and time budget.

Objectives for coverage enhancement for other channels than PUSCH and PUCCH
At the RAN1#103-e meeting, there were extensive discussions on the support of Msg3 PUSCH and short PRACH format for coverage enhancement. However, no consensus has been reached although majority of companies supported enhancement on Msg3 PUSCH and short PRACH format. 
Note that based on the agreed observations, Msg3 PUSCH and short PRACH format were identified as potential bottleneck channels at least for FR2. More specifically, as captured in Table 5.2.2-1 in TR38.830 [2], relative difference between Msg3 PUSCH and reference channel, i.e., PUCCH format 1 in Urban 28GHz with O2I is 3.4dB, while the relative difference between PRACH format B4 and reference channel in Urban 28GHz with O2O is 7.6dB. It is evident that both Msg3 PUSCH and short PRACH format need to be enhanced in order to meet the target requirement. Hence, in our view, enhancement on Msg3 PUSCH and short PRACH format needs to be considered as objectives for NR coverage enhancement WI.
Proposal 4
· The following objectives are considered for coverage enhancement for other channels than PUSCH and PUCCH:
· Repetition of Msg3 PUSCH
· Enhancements on short PRACH format for FR2

Conclusions
In this contribution, we presented our views on objectives for NR coverage enhancement WI. Further, we summarize the observations and proposals as follows:
Observation 1
· When using 1% false alarm probability and 1% BLER as performance metric, the performance difference between existing PUCCH format 3 and DMRS-less scheme for both 2 and 4 Rx antennas is negligible. More specifically, 
· The gap between existing PUCCH format 3 with 4 DMRS symbols and DMRS-less scheme is negligible for UCI payload size from 3 to 6 bits. 
· The gap between existing PUCCH format 3 with 2 DMRS symbols and DMRS-less scheme is ~0.1dB for UCI payload size from 7 to 11 bits.
· When using 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate as performance metric, existing PUCCH format 3 with 2 DMRS symbols can achieve similar performance as DMRS-less scheme, for both 2 and 4 Rx antennas. This is consistent for UCI payload size from 3 to 11 bits. 
Proposal 1
· The following objectives are considered for PUSCH coverage enhancement:
· Enhancement on PUSCH repetition type A
· TB processing over multi-slot PUSCH, with TBS determined based on multiple slots and transmitted over multiple integer slots 
· Joint channel estimation and Inter-slot frequency hopping with inter-slot bundling
Proposal 2
· For PUCCH coverage enhancement, DMRS-less PUCCH scheme is not supported.
Proposal 3
· The following objectives can be considered for PUCCH coverage enhancement:
· PUSCH repetition type B like PUCCH repetition enhancement
· Dynamic indication of PUCCH repetition factor
· Joint channel estimation and Inter-slot frequency hopping with inter-slot bundling
· Whether PUSCH repetition type B like PUCCH repetition enhancement and dynamic indication of PUCCH repetition factor are specified under eURLLC or CovEnh WI can be decided based on overall scope and time budget.
Proposal 4
· The following objectives are considered for coverage enhancement for other channels than PUSCH and PUCCH:
· Repetition of Msg3 PUSCH
· Enhancements on short PRACH format for FR2
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Appendix
In this section, we provided detailed link level simulation results with UCI payload size of 3 and 11 bits, respectively, as shown in Figure 3, Figure 4, Figure 5 and Figure 6. In the simulations, two performance metrices were utilized [1]: 1) 1% BLER and 1% false alarm probability and 2) 1% DTX to ACK error rate, 1% ACK miss detection (including ACK to NACK and ACK to DTX) error rate, and 0.1% NACK to ACK error rate. Further, it was assumed 14 symbols and intra-slot frequency hopping.
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[bookmark: _Ref57367083]Figure 3. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 3 UCI bits, 2 and 4 Rx antennas, 1% BLER and 1% False alarm probability
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[bookmark: _Ref57367084]Figure 4. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 3 UCI bits, 2 and 4 Rx antennas, 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate
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[bookmark: _Ref57367087]Figure 5. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 11 UCI bits, 2 and 4 Rx antennas, 1% BLER and 1% False alarm probability
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[bookmark: _Ref57367088]Figure 6. Performance comparison between existing PF3 and DMRS-less PUCCH scheme: 11 UCI bits, 2 and 4 Rx antennas, 1% DTX to ACK, 1% ACK miss detection, and 0.1% NACK to ACK error rate
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