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In the RAN plenary #86 meeting, a new SID on NR coverage enhancement was approved [1]. One objective of this study item is to identify the performance target for coverage enhancement for specific scenarios for both FR1 and FR2 and study the potential solutions for both DL and UL.
The baseline coverage performance for both UL and DL based on link-level simulation is provided in our companion contribution [2]~[3]. In this contribution, we discuss the potential techniques for coverage enhancements for channels other than PUSCH and PUCCH.
Potential techniques for broadcast PDCCH
Based on the evaluation in [2][3], there still exists some scenarios that needs coverage enhancement for unicast and broadcast PDCCH. Therefore, in this section, we give some potential techniques for PDCCH coverage enhancement.
Compact DCI
In Rel-16 URLLC, DCI format 0_2/1_2 is introduced which can be used for reliability improvement by configuring 10~16 bits size reduction compared with fallback DCI. According to the evaluation in [4], about 1dB gain can be achieved for AL=16 at 1e-5 or 1e-6 target BLER. We find similar observation in our contribution [5] at 1e-2 target BLER. Thus, compact DCI which has been already proved beneficial for unicast PDCCH in Rel-16 can be considered for broadcast PDCCH for Rel-17 coverage enhancement. In other words, fallback DCI used for broadcast PDCCH can be further compressed.
Proposal 1: Study compact fallback DCI for broadcast PDCCH coverage enhancement.
PDCCH repetition
Repetition is a straightforward and powerful way to improve coverage performance. It can also applied to PDCCH enhancement. Specifically, there are different schemes for PDCCH repetition. One alternative is that PDCCH repetitions are on different CORESETs in the frequency domain while within the same PDCCH monitoring occasion This is beneficial from the low latency point of view but difficult for the UE without the capability of a wide-BWP. Another way is PDCCH repetitions are across multiple PDCCH monitoring occasions of the same search space and CORESET, which is beneficial for multiplexing in frequency domain for multiple users at the same time but lead to more latency for each UE. In our view, both alternatives can be further considered for coverage enhancement. 
As for UE behavior, PDCCH repetition with separately decoding, meaning without combination, can be considered as one implementation way. This is similar like scheduling multiple Paging transmissions on different monitoring occasions across multiple slots by configuring parameter ‘duration’ in case the periodicity of the search space is larger than one slot. The performance can be further improved if PDCCH repetitions can be joint-decoded with combination.
Proposal 2: PDCCH repetition can be considered for PDCCH coverage enhancement.
PDCCH-less for broadcast messages
If broadcast PDCCH is the coverage bottleneck channel for the broadcast messages, one potential solution is using PDCCH-less for broadcast information transmission. PDCCH-less mechanism has already been supported for SIB message transmission in LTE MTC which also targets for coverage enhancement. In brief, for SIB1-BR transmission, the time/frequency resources are predefined, and the TBS and repetiton times are indicated in MIB. For other SIBs transmission, all scheduling information are indicated in SIB1-BR. In NR coverage enhancement, PDCCH-less can be also considered for broadcast messages transmission similarly.
Proposal 3: PDCCH-less for broadcast messages can be considered for NR coverage enhancement.
Beam refinement
Based on the evaluation in [2][3], there still exists some scenarios that needs coverage enhancement for broadcast PDCCH and channels during RACH procedure. One main reason limiting the performance is due to limited SSB beam gains. Therefore, in this section, we give some potential techniques for beam refinement.
Increasing SSB number



In order to maintain a reasonable downlink resource overhead, the maximum number of SSBs is limited in Rel-15/16. More specifically, = 4 or 8 for FR1 and =64 for FR2 in Rel-15/16. However, a limitation of SSB number means using a wider beam width to cover a certain cell area. That is., beamforming gain will be sacrificed. 
Increasing SSB number can be a straightforward way for NR coverage enhancement of broadcast channels and channels during RACH procedure. Some related issues should be considered and evaluated carefully, such as, potential impact on legacy UE, time/frequency domain locations for new added SSBs, SSB index indication method, etc. 
Proposal 4: Increasing SSB number can be considered for NR coverage enhancement.
Beam refinement during RACH procedure
In RAN1 NR_AH#2, it was agreed for contention free random access to support multiple Msg.1 transmissions. However, due to limited timeline of Rel-15, it is not specified in the spec for multiple Msg.1 transmissions .
	Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams


Multiple Msg.1 transmissions before the end of a monitored RAR reception window can be helpful for coverage enhancement SI. Because, even in the scenario for UEs with ideal Tx/Rx beam correspondence and analog beamforming, it may take extensive sweeping to find the best pair of TRP Tx beam and UE Rx beam, since only one UE Rx beam can be used at a time. The issue becomes more severe with longer DL signal periodicity, which can be up to 160 ms for SS burst set since there are less opportunities to try different UE Rx beams within a channel coherence interval. Instead, the UE can sweep its Tx beam by transmitting multiple Msg.1. Then, gNB can also determine the best beam pair and indicate by Msg. 2. This would be helpful for remaining message transmissions during RACH procedure by using more appropriate beam.
Proposal 5: Multiple Msg.1 transmissions before the end of a monitored Msg.2 reception window can be considered.  
The beam gain for channels during RACH procedure is limited by SSB beams. Another way to obtain finer beam granularity is to enable CSI-RS measurement during RACH procedure. For instance, RAR can configure some CSI-RS resources, and UE reports corresponding L1-RSRP in Msg 3. 
Proposal 6: Beam refinement based on CSI-RS measurement during RACH procedure can be considered.
[bookmark: _GoBack]Msg3 enhancement
In Rel-15/Rel-16, PUSCH repetition has been supported for CG PUSCH or DG PUSCH scheduled by DCI format 0_1/0_2. However, for PUSCH scheduled by DCI format 0_0, PUSCH repetition is not supported. That is, repetition is not supported for Msg3. To improve the performance of Msg3, Msg3 repetition can be considered.
Figure 1 shows the performance of Msg3 with 4 repetitions for rural scenario and long distance rural scenario. And Table 1 lists the required SNR for different cases. The simulation assumptions are listed in Table A-1 in the Annex. 


Figure 1. Performance of Msg3 w/ or w/o repetition.
Table 1. The required SNR of Msg3 w/ or w/o repetition.
	Scenario
	Number of RBs
	Repetitions
	# of receiving antenna ports
	Required SNR (dB)

	Rural scenario, 700MHz, O2O
	2
	1
	2Rx
	-3.47

	
	2
	4
	2Rx
	-8.89

	
	2
	1
	4Rx
	-7.78

	
	2
	4
	4Rx
	-13.28

	Long distance Rural scenario, 700MHz, O2O
	2
	1
	2Rx
	-6.4

	
	2
	4
	2Rx
	-11.96

	
	2
	1
	4Rx
	-9.68

	
	2
	4
	4Rx
	-14.66



Based on Table 1, Msg3 PUSCH with 4 repetitions can provide about 5~5.5 dB gain over one repetition for rural scenario and long distance rural scenario with different Rx.
Observation 1: MSG3 PUSCH repetition can provide significant performance improvement.
Proposal 7: MSG3 PUSCH repetition can be considered for coverage enhancement.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Study compact fallback DCI for broadcast PDCCH coverage enhancement.
Proposal 2: PDCCH repetition can be considered for PDCCH coverage enhancement.
Proposal 3: PDCCH-less for broadcast messages can be considered for NR coverage enhancement.
Proposal 4: Increasing SSB number can be considered for NR coverage enhancement.
Proposal 5: Multiple Msg.1 transmissions before the end of a monitored Msg.2 reception window can be considered.  
Proposal 6: Beam refinement based on CSI-RS measurement during RACH procedure can be considered.
Observation 1: MSG3 PUSCH repetition can provide significant performance improvement.
Proposal 7: MSG3 PUSCH repetition can be considered for coverage enhancement.
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Appendix
Table A-1 Simulation assumption for Msg3 repetition
	Parameter
	Value

	Carrier frequency
	700MHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for rural scenario 
TDL-D (delay spread: 30ns) as in 38.901 for long distance Rural scenario

	UE speed
	120 km/h 

	BS antenna configuration
	2 Rx / 4Rx

	UE antenna configuration
	1 Tx

	System bandwidth
	20 MHz

	Sub-carrier spacing
	15kHz 

	Occupied RB
	2

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	1 DMRS symbol per hop 

	Number of repetitions
	4 

	Frequency hopping 
	Enabled 

	Channel estimation
	Practical

	Receiver type
	MMSE



Rma（1T2R）+ 4 Repetitions	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.73739	0.53363	0.34267	0.19856	0.10408	0.05004	Rma（1T4R）+ 4 Repetitions	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.81185	0.56325	0.29023	0.11129	0.03403	0.00841	0.0016	0.0004	Long distance Rma（1T2R）+ 4 Repetitions	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.69576	0.34548	0.10208	0.02402	0.0048	0.0008	Long distance Rma（1T4R）+ 4 Repetitions	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.88511	0.5008	0.1253	0.01441	0.0008	0	Rma（1T2R）	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.8978	0.77956	0.61864	0.44549	0.3022	0.18517	0.10661	Rma（1T4R）	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.5984	0.35812	0.18377	0.08076	0.03327	Long distance Rma（1T2R）	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.95711	0.79178	0.47275	0.20541	0.06112	0.01182	0.00261	Long distance Rma（1T4R）	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.55852	0.18277	0.03126	0.00401	0.0006	0	
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