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Introduction
In R17 NR, the complexity reduced UE should be defined to adapt the use case of IoT, e.g. industrial sensor, video surveillance and wearables. Based on the objective of the SID [1], the coverage recovery to compensate for potential coverage reduction due to complexity reduction should be studied.
	Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction.


The contribution will discuss the coverage recovery. The contribution is a revision of R1-2006290.

[bookmark: _Ref494215420]Coverage recovery due to complexity reduction
It is common understanding that the coverage should be recovered for the loss due to complexity reduction. The aspects of coverage loss include:
· the RX number reduction, and
· the BW reduction, and 
· the inefficiency of the antenna  
 The inefficiency of antenna was reported and concluded to study in RAN#88e [1].
	· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB



Coverage requirement from evaluation methodology
In RAN1#102e [2], the methodology was updated with three steps.
	Agreements
For the channel(s) affected by complexity reduction, the following methodology can be used to determine the target performance for coverage recovery
· Step 1: Obtain the link budget performance of the channel based on link budget evaluation
· Step 2: Obtain the target performance requirement for RedCap UEs within a deployment scenario
· FFS on the target performance requirement
· Step 3: Find the coverage recovery value for the channel if the link budget performance is worse than the target performance requirement 


Nevertheless, the target performance requirement was discussed and achieved the two options [2].
	Agreements: Down-selection on the following options for the target performance requirement for RedCap UEs in RAN1#103-e (aim for early in the e-meeting):
· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment
· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario
· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL
· The details for the target performance requirement are FFS


In our view, Option 3 is largely overlapping with CE topic, because it is based on the link budget of the bottleneck channel(s) for the reference NR UE (i.e. the normal eMBB UE). Compared to Option 3, Option 2 is more reasonable and focusing on RedCap UE.
Proposal 1: Select Option 3 for the target performance requirement for RedCap UE.

Relation to Coverage Enhancement topic
The boundary of studying area between coverage recovery and coverage enhancement should be defined.
In our view, coverage recovery mainly focus on DL signals/channels. In fact, it is highly possible that DL signals/channels enhancement would be excluded from CE topic after evaluation. For UL signals/channels, RedCap UE may face the issues from the bandwidth reduction, inefficiency of the antenna and the additional requirement, but these issue could be forwarded to CE topic to enlarge CE levels. Therefore, we slightly prefer to study DL signals/channels in RedCap topic.
Proposal 2: Focus on coverage recovery of DL signals/channels in RedCap topic.
Proposal 3: The aspects of coverage loss of UL signals/channels raised from RedCap topic can be forwarded to CE topic.

Levels of coverage recovery
The coverage loss may be different different device. For example, for the low-end smart watch, it may have aspects of coverage loss of the RX number reduction, the bandwidth reduction and the inefficiency of antennas; for the industrial sensor, it may have aspects of coverage loss of the RX number reduction, the bandwidth reduction and the additional requirement, e.g. reliability.
Therefore, considering margin for coverage recovery and combination of aspects of coverage loss, the levels of coverage recovery could be multiple. The maximum level of coverage recovery can be defined to cover the worst case.
Proposal 4: Consider the multiple levels of coverage recovery.

The preliminary evaluation results
In RAN1#102e, the evaluation assumption for LLS, link budget evaluation and SLS were widely discussed and achieve fruitful agreements. After the post-meeting email discussion, the templates of link budget evaluation and SLS have been finalized for companies providing the evaluation results. 
In our preliminary link budget evaluation, the bottleneck channel is still PUSCH. For the coverage loss due to complexity reduction for RedCap UE, the DL channels have larger loss than the UL channels, due to the RX number reduction. In our view, the coverage loss due to complexity reduction for the DL channels should be compensated with spec impact, if not, there may be coverage issue for RedCap UE.
[bookmark: _GoBack]In our preliminary SLS evaluation, for non-full buffer traffic, the system performance is just slightly degraded.

Mechanism and capacity impact

PSS/SSS
In the initial cell search stage, UE can combine PSS/SSS to improve the performance of timing/frequency and Physical Cell ID (PCI) acquisition. In general, UE can always assume PSS/SSS of a cell is unchanged, so UE can keep accumulating the power for PSS/SSS candidates. It seems the coverage loss can be compensated by the long-term accumulation of the power.

PBCH
In the initial cell search stage, UE can combine PBCH payload to improve the performance of PBCH reception. PBCH payload comprises MIB and time index (including 3 MSBs of candidate SSB index and 4 LSBs of SFN). To combine PBCH payload, in general, UE should assume the same MIB for the multiple instances in a MIB repetition periodicity. The MIB repetition periodicity is described in TS 38.331 shown as follows.
	the MIB is always transmitted on the BCH with a periodicity of 80 ms and repetitions made within 80 ms (TS 38.212 [17], clause 7.1) and it includes parameters that are needed to acquire SIB1 from the cell. The first transmission of the MIB is scheduled in subframes as defined in TS 38.213 [13], clause 4.1 and repetitions are scheduled according to the period of SSB;


The MIB is repeated within 80ms, and the repetition time within 80ms depends on the periodicity of SSB. There are two straightforward ways to recover coverage.
· Alt-1: Shortening the periodicity of SSB.
· Alt-2: Prolonging the repetition periodicity of the MIB, e.g. 160ms.
Proposal 5: Study the mechanism for coverage recovery of PSS/SSS and PBCH.

PDCCH
In general view, PDCCH repetition is a promising way to compensate the coverage loss of PDCCH, which has been applied in LTE MTC. 
However, PDCCH repetition in NR potentially cause the resource inefficiency. If slot-based NR PDCCH is repeated, the time-domain resource for DL control is not contiguous, and the resource in the gaps may not be efficiently utilized by gNB scheduling, because the time-domain interlace between PDCCH and PDSCH is generated. As a counterpart, EPDCCH is used in LTE MTC which can be time spanned in a subframe, and repetition of EPDCCH can form nearly contiguous time-domain resource for DL control.
Furthermore, the time-domain interlace between PDCCH and PDSCH is not suitable for beam-based transmission, due to too often beam switch. 
To overcome the “discontinuous repetition” of PDCCH, gNB can configure the non-slot-based PDCCH and furthermore UE can assume the PDCCH monitoring occasions in a slot are repeated. In this way, the impact to network capacity can be mitigated.
Proposal 6: Study the mechanism for coverage recovery of PDCCH, e.g. PDCCH repetition.

PDSCH
As well, PDSCH repetition is a promising way to compensate the coverage loss of PDSCH, which has been applied in LTE MTC. Although PDSCH coverage can be enlarged by lowering the code rate of PDSCH, but the more frequency resource is not practical for narrowband UE. Hence the time-domain repetition is preferred.
In R15 NR, slot aggregation has been defined to enable PDSCH repetition to improve the reliability of PDSCH reception. The legacy slot aggregation needs to be enhanced, e.g. larger slot aggregation factor, for coverage recovery.
Moreover, the slot aggregation is not enabled for broadcast PDSCH, such as SIB1/OSI/RAR/paging. Hence, the slot aggregation like mechanism can be extended for the broadcast PDSCH.
Proposal 7: Study the mechanism for coverage recovery of PDSCH, e.g. slot aggregation enhancement.

Conclusion
Proposal 1: Select Option 3 for the target performance requirement for RedCap UE.
Proposal 2: Focus on coverage recovery of DL signals/channels in RedCap topic.
Proposal 3: The aspects of coverage loss of UL signals/channels raised from RedCap topic can be forwarded to CE topic.
Proposal 4: Consider the multiple levels of coverage recovery.
Proposal 5: Study the mechanism for coverage recovery of PSS/SSS and PBCH.
Proposal 6: Study the mechanism for coverage recovery of PDCCH, e.g. PDCCH repetition.
Proposal 7: Study the mechanism for coverage recovery of PDSCH, e.g. slot aggregation enhancement.
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