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[bookmark: _Ref506539118]Introduction
At the RAN1#101-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)
Agreements:
· For link level simulation, for PDSCH of Msg.4 for FR1.
· Reuse the following simulation assumption for PDSCH
· Waveform, [PDSCH duration]
· FFS: Payload size: [3000bits].
· Other parameters: Reported by companies.
Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 and PDSCH for FR1.
· Reuse following simulation assumptions agreed for PUSCH.
· Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.
· The number of UE receive chains: is 2.
· 4 for 4GHz/2.6GHz
· 2 or 4 for 2GHz
· 2 for 700MHz
· For PDSCH, reuse DM-RS configuration, BLER, HARQ, Latency requirements for voice agreed for PUSCH.
·  Reuse DM-RS configuration agreed for PUSCH except that 3 DMRS symbols is used for Msg2.
· For link level simulation, for PRACH and Msg.3 for FR1.
· Reuse following simulation assumptions agreed for PUSCH
· Scenario and frequency, frame structure, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS and Number of UE transmit chains.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping agreed for PUSCH.
[bookmark: _Hlk46858512]Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR2.
· Indoor: DL: 25Mbps, UL:5Mbps 
· Urban: DL: 25Mbps, UL: 5Mbps
· Suburban: FFS: (DL: 1Mbps, UL: 50kbps)
[bookmark: _Hlk46858524]Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 for FR2.
· Reuse following simulation assumptions for PDSCH
· Scenario and frequency, frame structure, SCS, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE Tx/Rx chains and UE antenna elements.
· For link level simulation, for PUCCH, PRACH and Msg.3 for FR2.
· Reuse following simulation assumptions for PUSCH
· Scenario and frequency, frame structure, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE antenna elements for PUSCH.
· For PRACH and Msg.3, reuse number of UE Tx chains for PUSCH.
· For PUCCH, reuse SCS for PUSCH.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping for PUSCH.
In the contribution, we discuss coverage enhancement for other physical channels. Our views on baseline coverage performance for FR1 and FR2 are described in our companion contributions [2] and [3], respectively. In addition, our views on coverage enhancement for PUSCH and PUCCH are described in our companion contributions [4] and [5], respectively.
Link budget analysis 
In this section, we provide baseline performance for FR1 and FR2, including Msg2/4, SIB1 and broadcast PDCCH. In the link budget analysis, it is assumed rural scenario with long distance in FR1 and indoor scenario in FR2. 
The detailed simulation assumptions for Msg2/3/4 and SIB1 are described in our companion contribution [6]. Note that in the link budget analysis, it is assumed that 
· TDD frame structure with DDDSU (S: 10D:2G:2U) in FR2.
· For Msg2/3/4, PBCH, SIB1, broadcast PDCCH, PRACH, the number of Rx antennas is 64, which is based on the number of SSBs for FR2.
· Soft-combining of 4 SIB1 transmissions is used in the link level simulation.  
· TB scaling of 0.25 for Msg2 to reduce the code rate. 
· For FR1, MPL based performance metric is utilized, where the target MPL is derived based on pathloss model and target ISD. For rural scenario with long distance, 15km and 30km target ISDs are assumed. 
· For FR2, MCL based performance metric is utilized, where physical channel with weakest MCL is first identified and subsequently, overall performance MCL target is determined by applying 10dB additional coverage enhancement target for the weakest MCL.
 
Rural with long distance in FR1
Figure 1 and Figure 2 illustrate MPL for rural scenario with long distance considering 15km and 30km target ISD in FR1, respectively. From the figures, it can be observed that for rural scenario with long distance, Msg2, Msg4 and SIB1 can achieve larger MPL than PDCCH with eMBB service, considering 1Mbps target data rate for DL. This may imply that Msg2, Msg4 and SIB1 may not need further improvement in terms of coverage for FR1. In general, for rural scenario with long distance, MPL for UL channels is worse than that for DL channels. For instance, the weakest DL channel, i.e., PDSCH with eMBB service has almost same MPL as the strongest UL channel, i.e., PUSCH with VoIP service. 
Note that when 30km is considered as target ISD, almost all DL and UL physical channels need coverage enhancement, expect PBCH. As discussed in our companion contribution, RAN1 needs to first determine the exact target ISD for rural scenario with long distance [2]. 

[image: ]
[bookmark: _Ref47592683]Figure 1. MPL for rural with long distance at 700MHz: 15km ISD
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[bookmark: _Ref47592687]Figure 2. MPL for rural with long distance at 700MHz: 30km ISD
Observation 1
· For rural scenario with long distance in FR1, 
· Msg2, Msg4 and SIB1 can achieve larger MPL than PDSCH with eMBB service, considering 1Mbps target data rate for DL. 
· MPL for UL channels is worse than that for DL channels.

Indoor scenario in FR2
Figure 3 illustrates MCL for indoor scenario in FR2. From the figure, it can be observed that for indoor scenario in FR2, Msg2, SIB1 and broadcast PDCCH can achieve larger MCL than PDSCH with eMBB service. Further, Msg4 can achieve similar MCL as PDSCH with eMBB service. Similar to FR1, this may imply that Msg2, Msg4, SIB1 and broadcast PDCCH may not need further improvement in terms of coverage, when considering 10dB additional coverage enhancement target for the weakest MCL. 
As discussed in our companion contribution [3], PUSCH with eMBB service is the performance bottleneck for all scenarios in FR2. More specifically, MCL gap between PUSCH with eMBB service and physical channel with second weakest MCL is >10dB for indoor and urban scenarios and ~10dB for suburban scenario. 
[image: ]
[bookmark: _Ref47593288]Figure 3. MCL for indoor scenario at 28GHz
Observation 2
· For indoor scenario in FR2, 
· Msg2, SIB1 and broadcast PDCCH can achieve larger MCL than PDSCH with eMBB service. 
· Msg4 can achieve similar MCL as PDSCH with eMBB service. 

[bookmark: _GoBack]Based on the presented link budget analysis and observations, Msg2, Msg4, SIB1 and broadcast PDCCH may not need further enhancement in terms of coverage. In our view, RAN1 needs to further study whether common control messages and physical channels during initial access need further coverage enhancement. 
Proposal 1
· RAN1 to further study whether common control messages and physical channels during initial access need further coverage enhancement. 

Conclusions
In this contribution, we discussed discuss coverage enhancement for other physical channels. Further, we summarize the observations and proposals as follows:
Observation 1
· For rural scenario with long distance in FR1, 
· Msg2, Msg4 and SIB1 can achieve larger MPL than PDSCH with eMBB service, considering 1Mbps target data rate for DL. 
· MPL for UL channels is worse than that for DL channels.
Observation 2
· For indoor scenario in FR2, 
· Msg2, SIB1 and broadcast PDCCH can achieve larger MCL than PDSCH with eMBB service. 
· Msg4 can achieve similar MCL as PDSCH with eMBB service. 
Proposal 1
· RAN1 to further study whether common control messages and physical channels during initial access need further coverage enhancement. 
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Maximum Path Loss(MPL): 'Rural Long Distance, 700MHz, LOS'
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Maximum Path Loss(MPL): 'Rural Long Distance, 700MHz, LOS'
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Maximum Coupling Loss(MCL): Indoor, 28GHz, NLOS

129

136

135.3

128.4

133.6

136.8

133.5

136.5

115.6

134.4

131.9

136.6

136.9

133.8

131.3

Gap=10

Target = 125.6dB( enhance 10dB )

100 105 110 115 120 125 130 135

dB

PDSCH

 eMBB

PDSCH

 VoIP

Msg#2

Msg#4

SIB1

PBCH

  PDCCH

Broadcast

 PDCCH

Unicast

PUSCH

 eMBB

PUSCH

 VoIP

Msg#3

PUCCH

 PF1

   PUCCH

PF3-11bits

   PUCCH

PF3-22bits

  PRACH

Format B4


