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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#102e meetings [1], the coverage performances of all DL/UL channels have been discussed exhaustively. Some UL channels related to random access procedure, PRACH and PUSCH Msg3, may require enhancement. Several candidate enhancement techniques are also proposed as summarized in the agreements below.
	Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Agreement:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreement:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreement:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.

Agreement:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 

From GTW session on August 26th,
Agreement:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.


In this contribution, we will discuss the potential coverage enhancements solutions on the PRACH and PUSCH MSG3.
2. Potential solutions for channels other than PUCCH and PUSCH
According to the simulation assumptions agreed in the last meeting, the coverage performances of all DL/UL physical channels are evaluated within different deployment scenarios. Summarizing from the evaluation results [2][3], PRACH and PUSCH Msg3 are needed to be enhanced for some evaluated scenarios as shown in Table 1.  In FR1 band, PUSCH Msg3 needs to be enhanced for rural scenario, and PRACH format 0/B4 needs to be enhanced for urban and rural scenarios. In FR2 band, PUSCH and PRACH format B4 need to be enhanced for urban scenario. 
Table 1. MPL performance gap for PUSCH Msg3 and PRACH within different deployment scenarios
	
	4GHz Urban (500m)
	4GHz Urban (350m)
	2.6GHz Urban (500m)
	2.6GHz Urban (350m)
	4GHz Rural O2O
	4GHz Rural O2I
	2.6GHz Rural O2O
	2.6GHz Rural O2I

	PUSCH Msg3
	0.17
	-5.89
	-3.76
	-9.81
	-0.54
	3.69
	-4.40
	-0.24

	PRACH format B4
	5.95
	-0.11
	2.15
	-3.91
	5.60
	9.70
	2.23
	5.90

	PRACH format 0
	1.93
	-4.13
	-0.18
	-7.85
	2.82
	5.68
	-1.48
	1.96


According to the evaluation results, the broadcast DL channels, including broadcast PDCCH and Msg4, do not satisfy the coverage requirement in some scenarios. The performance gap of DL channels is much smaller than that of UL channels. Hence focus should be on the enhancement of PRACH and PUSCH Msg3 in CE SI.
Observation 1: The coverage of DL and broadcast channels are much better than that of UL channels.
Proposal 1: DL and broadcast channels are down prioritized for coverage enhancement.

2.1. Enhancement for PUSCH Msg3
The repetition of PUSCH Msg3 for contention based RACH procedure is proposed in the last meeting to achieve a better coverage performance. In Rel-15/16, PUSCH Msg3 is scheduled by a RAR UL grant and transmitted once. To be compatible with Rel-15/16 UE, Msg3 repetition can be indicated to UE together with RAR UL grant. For example, the reserved bits of DCI 1_0 scrambled with RA-RNTI for scheduling RAR or the corresponding RAR or re-farming bit field in DCI 0_0 scrambled with TC-RNTI for Msg3 retransmission, can be used to indicate the repetition transmission. Msg3 repetition may also be indicated with some predefined configuration implicitly. For example, RAR UL grant could indicate a Msg3 transmission with MCS=0 and TPC=-6dB to trigger which implicitly indicates Msg3 repetition for Rel-17 UEs.
The number of Msg3 repetition should also be determined by link quality between gNB and UE. Different UE may experience different link quality, thus the repetition number can be determined by gNB based on the signal quality of PRACH UE transmitted. A set of candidate values of Msg3 repetition number or one single repetition value could be broadcasted in system information. The candidate values could be optimized according to FR1/FR2 band and the coverage requirement of the networks. One potential solution is to signal the actual Msg3 repetition number and/or the trigger information in RAR UL grant or DCI 1_0 scrambled with RA-RNTI. A further possible enhancement is to indicate the repetition number dynamically during Msg3 retransmission. If the previous Msg3 transmission is not good enough to decode, gNB could config a Msg3 retransmission with Msg3 repetition via DCI 1_0 scrambled with TC-RNTI dynamically.
Proposal 2: Msg3 repetition and the repetition number could be indicated to UE explicitly or implicitly.
As specified in Rel-15/16, PUSCH repetition has been supported for CONNECTED mode UE. Two kind of repetition types, Type-A and Type-B, has been supported. For PUSCH repetition Type-A, PUSCH are transmitted on K continuous slots. In TDD spectrum, the maximum number of actual Msg3 repetition is limited by the DL-UL slot configurations. For PUSCH repetition Type-B, PUSCH can be transmitted over the nominal repetition duration by skipping the invalid DL symbols, which is more feasible than Type-A repetition. Both Type-A and Type-B like PUSCH repetition can be considered by reusing current mechanism as much as possible, and it should be considered at the initial study stage for Msg3 repetition enhancement.
Proposal 3: Both Type-A and Type-B PUSCH repetition should be considered at the initial study stage for Msg3 repetition enhancement.

2.2. Enhancement for PRACH/Msg1
Multiple PRACH transmission is proposed in the last meeting. UE at the cell edge is expected to transmit multiple PRACH over multiple ROs associating with the same or different SSB indexes. One issue is that the PRACH collision rate between UE support MSG1 repetition and legacy UEs would increase when more PRACH preambles are transmitted per RACH attempt, if RACH resources for PRACH with repetition and that without PRACH repetition are not separately configured. 
If the candidate RO set and/or preamble set is dedicated configured for PRACH repetition, it also takes a cut of the overall PRACH resources for legacy UEs which does not support MSG1 repetition, and still leads to higher collision rate for legacy UEs, especially in TDD spectrum, in which the UL resources are usually very limited. UE needs to receive the random access response within a RAR window after multiple RACH transmissions, and thus the corresponding parameters of RAR windows, the start time and the window length of RAR windows, should modified accordingly. On the other hand, if PRACH repetition is adopted, gNB should support PRACH detection combining multiple candidate RO signals, which increases the complexity of PRACH detection at gNB. Therefore, PRACH repetition can be considered as a lower priority.
Proposal 4: PRACH repetition can be considered as a lower priority.
Observation 2: If MSG1 repetition is supported, specification impacts are observed in the following aspects:
· Additional PRACH preambles and time-and-frequency resource allocation for PRACH repetition.
· The behaviour of receiving RAR message after multiple RACH transmission.
2.3. Beam related enhancement in initial/random access procedure
In last meeting, beam related enhancements in initial and random-access procedure are discussed in [4]. There are mainly the following candidate beamforming techniques.
· Candidate 1: Refining SSB beam gains, e.g. increasing the number of SSB beams. This could apply to beam refinement for all channels in random access procedure.
· Candidate 2: Multiple PRACH transmissions. This could apply to beam refinement for Msg2/3/4 in random access procedure.
· Candidate 3: Multiple PDCCH repetitions. This could apply to beam refinement for Msg3/4 in random access procedure.
· Candidate 4: Reporting the best SSB/early CSI/the best PDCCH instance in Msg3 PUSCH. This could apply to beam refinement for Msg4 in random access procedure. Note that, it is claimed by the proponent that early CSI report can also improve the performance of Msg4 by more accurate link adaptation.  
· Increasing number of SSB beams
For candidate 1, increasing the number of SSB beams, it may lead to higher BF gain for SSB, and associated broadcast channels an PRACH related channels. The solutions may be extending the number of SSBs in an SSB burst set/half frame. As specified in Rel-15/16, SSBs are mapped in a half frame according to the channel raster in frequency domain and the SSB candidate pattern in time domain. For the time domain extension in a half frame, there would be some backward compatability issues on the SSB index indication. 
For FR1, Since at most 8 SSBs are supported, and 3 bits SSB index is delivered by PBCH DMRS, UE can get the frame boundary timing within a half radio frame after PBCH DMRS detection, without PBCH decoding. Other bits in PBCH payload would be needed to indicate full SSB index if more than 8 SSBs are supported in a half frame, as that in FR2. If more SSB positions are introduced in the time domain, UE have to decode the PBCH payload to get full timing in a half frame. Hence, there is backward compatibility issue if the number of SSB beams is supported by simply extended the number of SSBs in a half frame.
Observation 3: There is backward compatibility issue if the number of SSB beams is supported by simply extended the number of SSBs in a half frame.
· Multiple PRACH transmissions with beam refinement
As discussed in Section 2.2, multiple PRACH transmission would increase PRACH collision rate and may have impact on legacy UEs. 
In current mechanism, UE can select a proper SSB according to RSRP of the received SSB signals before transmitting PRACH. It depends on the UE implementation to determine the best SSB during cell search procedure. UE can perform beam refinement at UE by measuring SSB in multiple SSB burst sets, and select the best Rx beam by implementation. It can be assumed that SSB selected to initiate the PRACH procedure is best among the SSB candidates with proper UE implementation. Therefore, it is not necessary for UE to select sub-optimal SSBs to initiate the RACH procedure, although it is allowed to select any SSB whose RSRP is above certain threshold. 
Furthermore, PRACH transmission power is determined based on the pathloss UE measured based on SSB, if SSBs with lower RSRP selected for PRACH transmission, higher transmission power is expected for the PRACH preamble associated with the sub-optimal SSBs, which will further increase the interference on ROs. 
Besides, for contention based PRACH procedure, the PRACH preamble is not dedicated allocated to a UE, hence when PRACH collision occurs, gNB would have wrong estimation on RSRP of PRACH preamble. Hence, the measurement accuracy based on PRACH preamble cannot be guaranteed.
Observation 4: There are some drawbacks of multiple PRACH transmission for beam refinement, as follows
· Higher PRACH collision rate.
· [bookmark: _GoBack]Higher interference level on PRACH resources.
· Measurement accuracy cannot be guaranteed.
Proposal 5: Multiple PRACH over multiple SSB beams should not be supported for coverage enhancement.
· Multiple PDCCH repetitions
For multiple PDCCH repetition, PDCCH DMRS is not wideband DMRS in idle state, and UE can not determine whether the PDCCH is actually transmitted before PDCCH is successfully decoded. Hence, the accuracy of beam refinement based on PDCCH is doubtful, and the power consumption for measurement is high if PDCCH decoding is involved.
Observation 5: Beam refinement based on PDCCH repetition may suffer from low measurement accuracy and higher power consumption.
Proposal 6: Beam refinement based on multiple PDCCH is not supported for coverage enhancement.
· Early CSI reporting in RACH procedure
In the last meeting, study on early CSI report is also considered as an enhancement technique. It is suggested that early CSI report, containing the measurement results of SSB beam(s) preferred by UE, is transmitted with PUSCH Msg3 assuming early CSI report can be used to improve the coverage performance of the following communications, such as Msg4. However, according to the evaluation results, Msg4 is robust enough for the required scenarios, hence there is on strong motivation to support early CSI report should not be supported in Coverage Enhancement SI.
Proposal 7: Early CSI reporting is down-prioritized in coverage enhancement SI.

3. Conclusion
In this contribution, we discuss the potential solutions for PRACH and MSG3 PUSCH coverage enhancement, and have the following proposals: 
Observation 1: The coverage of DL and broadcast channels are much better than that of UL channels.
Observation 2: If MSG1 repetition is supported, specification impacts are observed in the following aspects:
· Additional PRACH preambles and time-and-frequency resource allocation for PRACH repetition.
· The behaviour of receiving RAR message after multiple RACH transmission.
Observation 3: There is backward compatibility issue if the number of SSB beams is supported by simply extended the number of SSBs in a half frame.
Observation 4: There are some drawbacks of multiple PRACH transmission for beam refinement, as follows
· Higher PRACH collision rate.
· Higher interference level on PRACH resources.
· Measurement accuracy cannot be guaranteed.
Observation 5: Beam refinement based on PDCCH repetition may suffer from low measurement accuracy and higher power consumption.

Proposal 1: DL and broadcast channels are down prioritized for coverage enhancement.
Proposal 2: Msg3 repetition and the repetition number could be indicated to UE explicitly or implicitly.
Proposal 3: Both Type-A and Type-B PUSCH repetition should be considered at the initial study stage for Msg3 repetition enhancement.
Proposal 4: PRACH repetition can be considered as a lower priority.
Proposal 5: Multiple PRACH over multiple SSB beams should not be supported for coverage enhancement.
Proposal 6: Beam refinement based on multiple PDCCH is not supported for coverage enhancement.
Proposal 7: Early CSI reporting is down-prioritized in coverage enhancement SI.
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