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At RAN1#102 e-meeting, the coverage enhancements for channels other than PUSCH and PUCCH were extensively discussed. The following agreements were achieved:
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.
Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 
Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.
Agreements:
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.
Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.
Agreements:
· Capture the following structure in TR 38.830.
6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
6.3.1 	Enhancements for Msg3 PUSCH
6.3.2 	Others
· Note: The above structure can be further updated by adding more sections under section 6.3 for other enhancements if justified.  

It should be noticed that both Msg3 and MsgA would be discussed under the coverage enhancement for the other channels than PUSCH and PUCCH. In this contribution, we provide our views on the coverage enhancement on Msg3, PRACH, PDCCH and PDSCH.
Discussion
Coverage enhancement for Msg3 PUSCH
In table 1, we provide the simulation results for Msg3 PUSCH in different scenarios, wherein MPL and MIL are assumed as the simulation metric. It can be observed that Msg3 PUSCH is surely the bottleneck channel in all the simulated cases, despite of what metric is selected. More detail evaluation results and assumptions can be found in our companion contribution [1]. Although it is unquestionable that coverage enhancement for Msg3 is necessary which is justified in terms of MPL and MIL, the performance gap can be compensated by straightforward mechanism, e.g. Msg3 PUSCH repetition. Furthermore, the initial random access is the critical procedure for a UE to access to the system at the very beginning stage. Complicated solutions with big specification impacts are not favorable.
Observation1: The performance gap of coverage for Msg3 PUSCH is limited and over-optimization should be avoided.
Table 1: The MPL and MIL of Msg3 for different scenarios
	Channel
	Metric
	Urban 4GHz
	Urban 2.6GHz
	Rural 4GHz
	Rural 2.6GHz
	Rural 2GHz
	Rural 700MHz

	Msg3 PUSCH
	MPL
	121.5
	121.8
	130.48
	130.88
	133.68
	131.07

	
	Target MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43

	
	MIL
	152.23
	152.53
	147.46
	147.86
	151.31
	148.7

	Worst1
	MIL
	142.07
	140.97
	134.4
	134.5
	148.7
	145.99

	Second worst1
	MIL
	151.72
	150.72
	146.05
	145.85
	150.3
	146.99


Note 1: The channel with lowest MIL across all the uplink channels are denoted as the worst channel.
Note 2: The channels with worst, second worst and third worst MIL are identified as the bottleneck channels.
As shown in our companion contribution, PUSCH transmission repetition can bring significant improvement on the coverage which can harvest more signal power and obtain additional time-domain diversity.  Different from eMBB PUSCH, the repetition transmission is more feasible for Msg3 PUSCH transmission in coverage enhancement scenarios:
· Msg3 PUSCH transmission can achieve better coverage with the penalty of lower spectrum efficiency as there is no requirement on throughput.
· Large number of repetitions will introduce transmission delay and prolong the random access procedure. However, only the UE at the cell edge needs to transmit Msg3 PUSCH with repetition. In the other words, the impact of Msg3 PUSCH repetition to the entire transmission delay is trivial.
A CE UE could obtain the repetition number of Msg3 PUSCH transmission via explicit or implicit indication. The implicit indication can be included in the UL grant which schedules the Msg3 PUSCH, e.g. the spare bit in the current UL grant carried by RAR or new bit fields. On the other hand, UE can determine the repetition number of Msg3 PUSCH transmission via the configuration or information contained in the received RAR. There are some pros and cons for either way, which are summarized in table 2 and needs to be further studied.
Table 2: summary on the potential solutions for Msg3 PUSCH repetition indication
	Indicating schemes
	Potential solutions
	Notes

	Explicit indication
	Reuse the spare bit in UL Grant carried by RAR
	Pros: It is backward compatible.  
Cons#1: gNB cannot determine which UE is CE-capable .
Cons#2: It consumes the spare bit and impact the potential forward extension for RAR.

	
	Introduce additional bit fields in the UL grant carried by RAR
	Pros: It is straightforward.
Cons: There is NBC issue as one RAR carries responses for multiple UEs.

	Implicit indication
	Determine the repetition number via configuration, e.g.  RACH configuration, preamble index, etc.
	Pros: It is backward compatible 
Cons: The flexibility and capacity of RACH configuration are restricted.

	
	Information carried by RAR, e.g. the TA value or the MCS index, etc.
	Pros: It is backward compatible and has no impacts on the configuration.
Cons#1: The information carried by RAR may not be linear to the coverage enhancement.
Cons#2: Either non-CE UE or CE UE can be indicated with the same TA value or MCS index.



Proposal 1: Both explicit indication and implicit indication informing the repetition number of Msg3 PUSCH can be further studied.

It should also be noted that the re-transmission of Msg3 PUSCH can only be scheduled by DCI format 0_0, which means repetition is not supported in the current specification. Similar to initial transmission of Msg3 PUSCH, the repetition indication can be included in the DCI format 0_0. However, it may bring significant specification impacts, e.g. the DCI size budget and the efforts on how to identify the CE-capable UE. Considering link adaptation can be achieved by the retransmission and the repetition number of initial transmission is already indicated by the UL grant carried by RAR, the straightforward way for Msg3 re-transmission is to follow the repetition number of initial transmission.

Proposal 2: The repetition number of Msg3 re-transmission should follow that of initial transmission. Any addition in the DCI format 0_0 should be avoided.

Additionally, during the initial random access procedure, gNB needs to identify which UEs are CE-capable before it indicates whether Msg3 PUSCH repetition is enabled or not.  It is important to guarantee that gNB and UE has the same understanding on the Msg3 PUSCH transmission. As discussed in the aforementioned paragraph, gNB may identify whether Msg3 PUSCH repetition is enabled via configuration or relevant information carried by RAR.
Observation2: gNB needs to identify which UEs are CE-capable before it indicates the repetition number of Msg3 PUSCH.
Coverage enhancement for PRACH transmission
The evaluation results for PRACH format B4 across different scenarios in FR1 are shown in table 3. From the evaluation results, it can be observed that the performance of PRACH format B4 is much better than the target performance in terms of MPL. From perspective of MIL, PRACH format B4 is clearly not the worst or the second worst channels among all the uplink channels. More detail evaluation results and assumptions can be found in our companion contribution [1].
Table 3: the MPL and MIL of PRACH format B4 for difference scenarios
	Channel
	Metric
	Urban 4GHz
	Urban 2.6GHz
	Rural 4GHz
	Rural 2.6GHz
	Rural 2GHz
	Rural 700MHz

	PRACH format B4
	MPL
	118.79
	118.31
	132.77
	133
	130.78
	127.8

	
	Target MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43

	
	MIL
	152.6
	153.58
	132.77
	151.83
	151.73
	148.7

	Worst1
	MIL
	142.07
	140.97
	134.4
	134.5
	148.7
	145.99

	Second worst1
	MIL
	151.72
	150.72
	146.05
	145.85
	150.3
	146.99

	Third worst1
	MIL
	152.23
	152.53
	147.46
	147.86
	151.31
	148.7


Note 1: The channel with lowest MIL across all the uplink channels are denoted as the worst channel.
Note 2: The channels with worst, second worst and third worst MIL are identified as the bottleneck channels.
In the last meeting, some companies argued that preamble transmission with narrower beam can be considered for PRACH coverage enhancement, which will consume more PRACH resources. From our understanding, the transmission of a preamble is totally UE implementation issue. Currently, one RO can be associated with single or multiple SSBs per the configuration. The preamble index has deterministic mapping rule to SSB within a RO as defined in TS38.213. UE can sweep the transmission beam within an association period, wherein a proper transmitting beam can be applied at the UE side.  Figure 1 is an example for the association between SSB, RO and preamble index, assuming 2 SSB associated with one valid RO and 32 preambles associated with one SSB. Furthermore, if multiple transmissions within a single RO are supported, it will impact the entire procedure of random access.  For example, how to assign preambles to a single RO for different transmission is unclear. If same preamble index is assumed, it is quite different from the current understanding on the preamble and it is hard for the UE to identify which beam should be used for Msg3 transmission. On the other hand, if different preamble indexes are assumed, the mapping rule between SSB and preamble needs to be re-defined.  Last but not least, there are abundant PRACH formats which are defined for different deployment and coverage in the current specification, e.g. PRACH format 4 is defined for coverage enhancement. One may argue that for TDD, the applicable PRACH format is determined by the TDD UL DL configuration, i.e. maybe only short PRACH format can be used. In this regard, it can be split into two ways to handle this issue:
· Reuse the current mechanisms. gNB should consider the deployment and configuration comprehensively. There is surely a trade-off between TDD UL DL configuration and coverage.  If UL coverage is definitely a problem for a certain deployment, it is reasonable for a gNB to select a proper TDD UL DL configuration which supports a PRACH format targeting to a large coverage. It is totally implementation issue and can be handled by proper configuration.
· Introduce new solutions to enhance the coverage for specific scenarios, which have huge specification impacts. In the other words, it will be scenario-specific enhancement which against spirit of coverage enhancement. Also, it is skeptical for a gNB to address the PRACH coverage issue by adopting new PRACH transmission mechanisms rather than applying the already existed RACH procedure, which is surely with good coverage performance. 
All in all, we think the coverage of PRACH transmission can be sufficiently handled by the current mechanisms. 
[image: ]
Figure 1: illustration on the association among SSB, RO and preambles

Proposal 3:  There is no need to further enhance the coverage of PRACH which can be sufficiently handled by the current mechanisms.
Coverage enhancement for A-CSI
A-CSI can only be transmitted on PUSCH and repetition is not supported. In [3], it is identified that A-CSI is the bottleneck channel and should be enhanced. There is no doubt that CSI information is important for scheduling and should be guaranteed. However, the main point is to guarantee that the gNB can successfully receive the information, despite of P-CSI or A-CSI. If A-CSI on PUSCH is problematic, UE can rely on P-CSI which will be certainly taken care of in PUCCH coverage enhancement. The shortage of P-CSI is the larger overhead and latency. But they are not the case for coverage enhancement wherein the extreme coverage should be guaranteed with high priority. Considering the CSI information can already be (or will be) protected by PUCCH transmission, it seems the motivation on A-CSI enhancement is questionable. 

Observation 3:  The motivation of coverage enhancement for A-CSI is not clear.
Coverage enhancement for downlink channels
As shown in table 4 to table 6, the performance of PDSCH, PDCCH and SSB are much better than the target performance in terms of MPL. From this perspective, we don’t see the necessity to enhance any downlink channels. More detail evaluation results and assumptions can be found in our companion contribution.[1]
Table 4: The MPL and MIL of PDSCH for difference scenarios
	Channel
	Metric
	Urban 4GHz
	Urban 2.6GHz
	Rural 4GHz
	Rural 2.6GHz
	Rural 2GHz
	Rural 700MHz

	eMBB PDSCH
	MPL
	125.83
	125.83
	138.57
	138.61
	146.25
	140.68

	
	Target MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43

	VoIP PDSCH
	MPL
	127.56
	127.61
	136.55
	136.31
	146.03
	142.98

	
	MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43



Table 5: The MPL and MIL of PDCCH for difference scenarios
	Channel
	Metric
	Urban 4GHz
	Urban 2.6GHz
	Rural 4GHz
	Rural 2.6GHz
	Rural 2GHz
	Rural 700MHz

	PDCCH
	MPL
	123.59
	123.84
	132.57
	132.82
	140.97
	135.71

	
	Target MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43



Table 6: The MPL and MIL of SSB for difference scenarios
	Channel
	Metric
	Urban 4GHz
	Urban 2.6GHz
	Rural 4GHz
	Rural 2.6GHz
	Rural 2GHz
	Rural 700MHz

	SSB
	MPL
	126.08
	125.98
	135.06
	134.96
	144.85
	141.41

	
	Target MPL
	117.97
	114.22
	131.57
	131.57
	125.55
	116.43



As discussed in the last meeting, some companies raised the issue of beam gain loss for broadcast PDCCH causing by the direction bias to the bore-sight of beam. Correspondingly, the realistic parameter, i.e. , should be taken into account. First of all, it is not a new issue which already exists extensively from Rel-15. If the coverage is questionable because of  , it is certainly deployment issue instead of specification holes needs to be fixed. Furthermore, even more SSB candidates are defined as proposed by some companies, the same issue is still there as a UE still has high possibility that it stays on a position deviating the bore-sight of beam.

Proposal 4:  There is no need to enhance the coverage of downlink channels, i.e. PDSCH, PDCCH and SSB.
Others
It is well-known that repetition transmission can bring significant performance gain. In our companion contribution [4], we provide our views on how to indicate the repetition number of PUCCH. However, the PUCCH repetition can only be configured via higher layer parameter PUCCH-Config which is unavailable during the initial random access. In the other words, the PUCCH carrying HARQ-ACK information for Msg4 cannot be transmitted with repetition.  It may need further study on whether coverage enhancement for PUCCH corresponding to Msg4 is needed or not.

Conclusion
This contribution discussed the necessity of enhancements for channels other than PUSCH and PUCCH, we have the following observations.
Observation1: The performance gap of coverage enhancement for Msg3 PUSCH is limited and over-optimization should be avoided.
Observation2: gNB needs to identify which UEs are CE-capable before it indicates the repetition number of Msg3 PUSCH.
Observation 3:  The motivation of coverage enhancement for A-CSI is not clear.

Accordingly, we have the following proposals:
Proposal 1: Both explicit indication and implicit indication informing the repetition number of Msg3 PUSCH can be further studied.
Proposal 2: the repetition number of Msg3 re-transmission should follow that of initial transmission. Any addition in the DCI format 0_0 should be avoided.
Proposal 3:  There is no need to further enhance the coverage of PRACH which can be sufficiently handled by the current mechanisms.
Proposal 4:  There is no need to enhance the coverage of downlink channels, i.e. PDSCH, PDCCH and SSB.
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