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Introduction
The study on coverage enhancements was complete in RAN1#103e meeting. Bottleneck channels had been identified for FR1 and FR2. The enhancements on PUSCH, PUCCH and other channels are discussed. And recommendations are made specifically for PUSCH enhancement. No consensus was reached within RAN1’s discussion for the recommendations of PUCCH and other channel enhancements. 
In this contribution, we provide our views on the scope of coverage enhancement WI.
Discussion
2.1 Bottleneck identification of FR1
A large number of scenarios are studied during the SI. Considering companies’ interest during the SI and the practical uses, FR1 should be prioritized during the WI. Two typical scenarios are picked from the SI for further discussion, which are 2.6GHz Urban O2I scenario, 700MHz Rural scenario. The coverage performance of MPL of those scenarios are listed below, which are derived during the SI and are captured in TR 38.830[1].
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Figure 1 Urban 2.6GHz TDD coverage performance
The first phase of NR deployments is concentrated in the Urban scenario. And most valuable traffic happens in the indoor scenario. However, the O2I scenario is the most challenging due to the penetration loss. It could be observed that PUSCH is the most limited channel. And considering 400m ISD which is a typical ISD for the urban scenarios deployments, only PUSCH is limited. Around 5.13dB should be compensated in this scenario. For 4GHz Urban scenario, the coverage gap could be around 8.12dB. 
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Figure 2 Rural 700MHz FDD NLOS O2I coverage performance
In the rural scenario, due to lower frequency band, most channels could satisfy the requirement considering 3km ISD. Since the requirement of uplink data rate is only 100kbps, which is much lower than the requirement of Urban scenario, the PUSCH of eMBB is not the bottleneck in the rural scenario. PUCCH format 3 with 22 bits is limited and the gap is around 0.95dB. PRACH format B4 is also limited but the data samples are too limited to make the decision. Considering 4km ISD, more channels could be limited, such as PUSCH for eMBB and VoIP, Msg 3 and etc. The coverage gap of PUCCH format 3 with 22bit is around 5.78dB.
The bottleneck channels were identified in RAN1 are as follows [2].
	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


Based on the observations from above scenarios, PUSCH with 1Mbps requirement is the most limited channel. Though PUCCH format 3 with 22 bits are observed as limited channels in the rural scenario, that is because the requirement of PUSCH is too low. Then the enhancement should focus on the PUSCH of eMBB during WI. The PRACH format B4 have been identified as the bottleneck, but other PRACH format such as format 0 could be used in FR1 to extend the coverage. From the Figure 1, the PUSCH of Msg 3 has an almost 13dB higher coverage performance than PUSCH of eMBB. And the PUSCH of Msg 3 also has the capability of retransmission. At last, the conclusion of broadcast PDCCH is based on a lower transmit power of 24dBm/MHz, which is 7dB lower than the normal gNB. It cannot be considered as an issue which must be solved through specifications.
Proposal 1: 
The PUSCH of eMBB should be with the highest priority for the coverage enhancement.
[bookmark: _GoBack]Considering a tremendous coverage gap of PUSCH for eMBB such as 5.13dB and 8.12dB, and limited solutions and achievable performance gains of the enhancement, the necessity of enhancement to the other channels such as PUCCH, PUSCH of Msg 3 and etc, may not be strong. 
Proposal 2:
Considering the large coverage gap of PUSCH for eMBB and limited gains of enhancement schemes, the necessity of enhancements to the other channels are not strong.
2.2 PUSCH enhancements
During the SI phase, three recommendations was made for the PUSCH enhancements. The agreements are as below.
	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


The first recommendation is to enhance the PUSCH repetition type A, extending the maximum repetition number and redefining how to count the number of repetitions. But in the context of TDD system, the uplink resources are limited. The data rate calculation during the SI phase has counted all the uplink time slots for the PUSCH data rate. There are no available uplink resources for further repetitions for PUSCH eMBB. The effects of the enhancement of PUSCH repetition type A is marginal for PUSCH eMBB. 
Observation 1: 
Since the uplink resources in TDD system are limited, the effects of the enhancement of PUSCH repetition type A is marginal for PUSCH eMBB.
The 2nd and 3rd recommendation are focusing on TB processing over multiple slot PUSCH and joint channel estimation. TB processing over multiple slot PUSCH could achieve more performance gains over longer coding. And the joint channel estimation could enhance the performance of channel estimation which further improve the data rate. Compared with PUSCH repetition, both TB processing over multiple slot PUSCH and joint channel estimation could be more effective since both of them do not required additional uplink time domain resources. Then both enhancements should be prioritized.
Observation 2: 
The TB processing over multiple slot PUSCH and joint channel estimation do not require further uplink resources, which could be more effective in the uplink resource limited scenarios. 
Proposal 3:
Among the three recommendations, the TB processing over multiple slot PUSCH and joint channel estimation should be prioritized. 
Based on the discussion above, there is no additional resources for uplink to increase the repetition number without losing data rate. And the performance gains of TB processing over multiple slots and the joint channel estimation could be also limited. The coverage gap of PUSCH for eMBB may not be compensated completely. Considering that, the target of coverage enhancement WI should not be too aggressive. 
Observation 3: 
The coverage gap of PUSCH for eMBB may not be compensated through the recommended solutions.
Proposal 4: 
Considering the coverage gap of PUSCH for eMBB may not be compensated completely, the target of coverage enhancement WI should not be too aggressive.
As the joint channel estimation have been recommended for the WI, an optimization of DMRS which could reduce the overhead and provide more resources for data transmission should be considered. On the other hand, UE may not always locate in the cell edge or the low RSRP area, a flexible configuration of DMRS could facilitate the use of coverage enhancement schemes. 
Proposal 5:
A flexible configuration of DMRS under the enhancement of joint channel estimation should be considered to facilitate the use of coverage enhancement schemes.
The TDD system needs special slot for the uplink and downlink transition. And the uplink symbols in the should also be considered and utilized to enhancement the performance of PUSCH and other channels. 
Proposal 6:
The fully use of uplink symbols in the special slot should be taken into account for the uplink coverage enhancements.
2.3 PUCCH enhancements
There was a long discussion for the four PUCCH enhancements during the SI phase. But no recommendation was made. The four enhancements are listed below. 
· DMRS-less PUCCH
· PUSCH repetition Type-B like PUCCH repetition
· (Explicit or implicit) Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions
DMRS-less PUCCH
A sequence based PUCCH to enhance the coverage of PUCCH was proposed during the SI. A sequence based PUCCH using non-coherent receiver could provide a lower receiver sensitivity when compared with legacy PUCCH demodulation with coherent receiver. Comments on the DTX to ACK detection for the sequence based method was raised during the discussion. When considering the DTX to ACK detection probability, the performance of DMRS-less PUCCH could be reduced. And another competitive solution that using the non-coherent receiver for PUCCH format 3 without any specification impact was proposed. Considering both issues mentioned above, simulations was carried out as below and both 4 symbols and 14 symbols cases were considered. 
· PUCCH format 3 with coherent detection( hard decision and min distance)
· PUCCH format 3 with coherent detection( ML)
· PUCCH format 3 with non-coherent detection ( two scrambling sequence based on cyclic shift of same ZC sequence )
· DMRS-less based on N sequence combination, N =2;
· DMRS-less based on improved N sequence combination, N =2;
· DMRS-less based on long sequence.
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Figure 3 4 symbols DMRS-less PUCCH evaluation


Figure 4 14 symbols DMRS-less PUCCH evaluation
In Figure 4, it could be observed that PUCCH format 3 with non-coherent receiver could have a similar performance with the DMRS less PUCCH. And in Figure 5, 4 DMRS configuration supported by Rel-15/16 was considered for the performance comparison. Compared with 4 DMRS symbol PUCCH, the performance gain of DMRS less PUCCH is less than 0.6dB.
Observation 4:
PUCCH format 3 with non-coherent receiver could have a similar performance with the DMRS less PUCCH
Observation 5:
Compared with 4 DMRS symbol PUCCH, the performance gain of DMRS less PUCCH is less than 0.6dB
Based on the observation from evaluations, the performance gain of DMRS-less PUCCH is limited. The performance gains and using scenarios of DMRS-less PUCCH need more clarification and discussion.
Proposal 7:
The performance gains and using scenarios of DMRS-less PUCCH need more clarifications and discussions. 
Other 3 enhancements
The other 3 enhancements of the PUCCH also have their limitations. The enhancements of PUSCH type B like PUCCH repetition mainly benefits for the latency reduction. From the perspective of coverage enhancements, long format PUCCH or PUSCH type A like PUCCH repetition should be used, which are supported by current specification. 
Dynamic indication of PUCCH repetition provide a flexible mechanism for repetition indication in the cases when increase or reduce the repetitions are needed. 
The DMRS bundling across PUCCH repetition could improve the channel estimation. But the phase coherency across PUCCH repetitions is required. And this feature may collide with frequency hopping of PUCCH, which may break the phase coherency of PUCCH transmission.

Conclusions
In this contribution, we provide our views on the scope of coverage enhancement WI. The proposals and observations are as follows.
Observation 1: 
Since the uplink resources in TDD system are limited, the effects of the enhancement of PUSCH repetition type A is marginal for PUSCH eMBB.
Observation 2: 
The TB processing over multiple slot PUSCH and joint channel estimation do not require further uplink resources, which could be more effective in the uplink resource limited scenarios. 
Observation 3: 
The coverage gap of PUSCH for eMBB may not be compensated through the recommended solutions.
Observation 4:
PUCCH format 3 with non-coherent receiver could have a similar performance with the DMRS less PUCCH.
Observation 5:
Compared with 4 DMRS symbol PUCCH, the performance gain of DMRS less PUCCH is less than 0.6dB.
Proposal 1: 
The PUSCH of eMBB should be with the highest priority for the coverage enhancement.
Proposal 2:
Considering the large coverage gap of PUSCH for eMBB and limited gains of enhancement schemes, the necessity of enhancements to the other channels are not strong.
Proposal 3:
Among the three recommendations, the TB processing over multiple slot PUSCH and joint channel estimation should be prioritized. 
Proposal 4: 
Considering the coverage gap of PUSCH for eMBB may not be compensated completely, the target of coverage enhancement WI should not be too aggressive.
Proposal 5:
A flexible configuration of DMRS under the enhancement of joint channel estimation should be considered to facilitate the use of coverage enhancement schemes.
Proposal 6:
The fully use of uplink symbols in the special slot should be taken into account for the uplink coverage enhancements.
Proposal 7:
The performance gains and using scenarios of DMRS-less PUCCH need more clarifications and discussions. 
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Annex: DMRS-less PUCCH simulation assumptions
	Parameters
	Values

	Carrier frequency
	2.6 GHz

	Bandwidth
	20MHz

	SCS
	30KHz

	PUCCH format
	

	UCI payload
	11bits

	Tx/Rx
	1Tx/4Rx

	Number of RB
	1

	Number of OFDM symbols
	4, 14

	Channel model
	TDL-C, 300ns

	Channel estimation
	Practical
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